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1 Overview 
 

 
 
What is driver distraction? 
In recent years, the growing use of mobile phones and other technologies in cars has led to 
increased interest in the problem of driver distraction among policymakers and researchers. 
Driver distraction is understood as a form of inattention and has been defined as “a diversion 
of attention away from activities critical for safe driving toward a competing activity”. The 
sources of driver distraction can reside inside or outside the vehicle, be technology-related or 
otherwise traffic-related or not, and be self-initiated or imposed upon by the situation or 
circumstances. While the sources of distraction may take many forms, there are four basic 
types of distraction: visual distraction (e.g., looking away from the roadway), auditory 
distraction (e.g. responding to a ringing cell phone), biomechanical distraction (e.g., manually 
adjusting the radio volume), and cognitive distraction (e.g. being lost in thought). 
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Effects on driving 
Although the sources of driver distraction may be different, the effects  are a decrease in 
performance of driving task, slower speed, closer following distance, more problems with 
keeping course, more errors, and narrower visual focus.  
 
As more devices are being installed inside vehicles and as cell phone use continues to 
increase, the potential for driver distraction - and therefore the risk of severe injury from a 
distraction-related crash - is rising, especially for teenage drivers and their passengers. 
Research indicates that different visual-physical tasks related to device use - texting, 
entering a number, entering a destination, operation of a music device - have similar effects 
on driving performance. Car drivers engaged in these activities appear to drive more slowly, 
to have more deviations in lateral position, and to look away from the road longer and more 
frequently. Simulator studies also show slower reaction times and a greater number of 
conflicts. In one study among cyclists similar effects were found as among car drivers, i.e. 
slower speed, deviation in lateral position and an increase in objects in the visual field that 
were overlooked. 
 
Prevalence 
For different reasons knowledge about duration and frequency of sources of distraction is 
important. First of all, prevalence data are important for determining the possible change in 
crash risk that is associated with a particular source of distraction. Second, prevalence data 
provide information about the activities which may distract road users and about patterns in 
these activities, which can be used for developing countermeasures. Third, prevalence data 
are also an important means of verifying whether countermeasures have actually worked. 
 
Research on prevalence of distracting activities has indicated that car drivers spend about 
25-30% of total driving time on distracting activities, of which about half concern conversation 
with a passenger. Age is an important factor for prevalence; the prevalence figures for young 
road users are higher than those of middle-aged or older road users.  
 
About one-third of all distracting activities concern distraction outside of the vehicle (such as 
looking at a vehicle with engine trouble) and about one fifth is a technology related type of 
distraction (such as mobile phone use). Both crash studies and naturalistic driving studies 
have shown that distraction contributes to a substantial number of crashes and consequently 
poses a serious safety problem. Activities that cause visual distraction (e.g. looking away 
from the road during texting) appear to be the most dangerous, as has been estimated by 
odds-ratios. 
 
Crash risk 
In epidemiological research about 5 to 25% of car crashes have been attributed to driver 
distraction. In one study concerning truck drivers a much higher estimate of 70% has been 
found. Differences in estimates between studies are related to differences in operational 
definitions, in research methods and driver populations.  
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Several studies suggest that various distracting activities are associated with increased crash 
risk. Distracting activities of a visual/physical nature, such as typing in a number or applying 
make-up, are associated with higher crash risk among both car drivers and truck/bus drivers. 
These tasks require that the driver glances away from the road for a longer time, thus 
hindering the correct anticipation of unexpected events. For some types of distracting 
activities, such as mobile phone use, results differ between epidemiological/case-crossover 
studies on the one hand and naturalistic driving studies on the other. 
 
Various sources of distraction appear to enhance crash risk, but studies differ in the 
estimates of effects. For example, naturalistic driving studies show a much lower crash risk 
due to mobile phone use than earlier crash studies. However, the method of naturalistic 
driving research is still relatively new and the divergence between results for mobile phone 
use has not yet been resolved. More scientific evidence is needed concerning the exact 
quantitative relationship between some types of distraction and risk. Most of the research 
concerns car drivers and truck drivers. More recently, research has appeared that shows that 
distraction by mobile phones or other portable devices is also a risk factor for pedestrians 
and cyclists. 
 
There can be various reasons why the negative effect of mobile phone use on driver 
performance as has been demonstrated in laboratory, simulator and field studies does not 
fully transfer to real traffic conditions. Firstly, when using the phone either the driver or other 
road users may adjust their behaviour. Secondly, road users/drivers learn to use the device 
in a way that needs less attention. 
 
It should be pointed out that risk estimates by odds-ratios only present part of the picture, 
namely the tasks which are associated with increased risk of crash or near-crash. The 
remianing part concerns the duration and frequency of sub-tasks. Certain sub-tasks that are 
performed rarely or that are of short duration are unlikely to lead to a great number of 
crashes even if they are associated with increased risk. On the other hand, sub-tasks with 
lower odds-ratios could be more important for crash numbers when they are frequently 
performed or take a long  time to carry out. Consequently, prevalence data are very 
important in estimating the risks associated with the distracting activity. 
 
Countermeasures 
There are five broad categories of countermeasures to address distraction: legislation and 
enforcement, driver training, publicity campaigns, technology-based countermeasures, and 
road infrastructure. Driver distraction countermeasures may be directed at drivers, transport 
companies, roads or vehicles. 
 
Since sources of distraction can be various and since not everything is known yet about 
which distracting activities are associated with risk, a combination of countermeasures 
seems appropriate, consisting of legal measures, publicity and training, new technology and 
last but not least, a change in the way of thinking about what behaviour is acceptable. It is 
possible to inform road users about dangers of specific activities. A promising intervention is 
training based on error learning that motivates (young) drivers to use devices more safely 
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while driving. A road infrastructure safety measure that reduces inattentive driving is the 
installation of rumble strips. Both distraction-specific technologies and general driver 
assistance technologies have the potential to reduce the negative impact of driver distraction. 
 
In view of the interest in driver distraction among both policymakers and the general public, 
and in view of the higher quality of recent data-collection techniques, it can be expected that 
the knowledge concerning driver distraction will grow considerably in the future. What we 
know now has changed over recent years and will undergo more changes in coming years. 
Both the knowledge about risk in relationship to various sources of distraction and about 
effective countermeasures is important. 
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1 Introduction 
This text provides an introduction to the subject of driver distraction, its various sources, 
consequences, and possible countermeasures. Distraction in road traffic is increasingly 
recognized as a risk factor. Scientists, policymakers, media and road users are increasingly 
aware of the problem. The problem of distraction appears to be growing because of the 
increasing presence of electronic equipment/devices - such as mobile phones, navigation 
systems - in road traffic. 
 
This first section examines the characteristics of driver distraction and describes several 
sources of distraction. It describes the relationships between the concepts of inattention, 
driver distraction and concentration loss. Section 3 outlines how driver distraction affects 
aspects of driving behaviour, such as speed choice, following behaviour, keeping course, 
reaction time, and visual behaviour. To study the magnitude of the problem of driver 
distraction, information is required about the prevalence of distracting activities while driving 
and the risks associated with these activities. Section 4 presents results on the prevalence of 
driver distraction among car drivers, truck drivers, cyclists and pedestrians. The relationship 
between driver distraction and crash risk is described in Section 5. Attention is given to 
change in risks due to talking and listening, to handling equipment, and looking at advertising 
billboards, and to differences in change in risk between car drivers and truck drivers. The 
final section outlines possible countermeasures against driver distraction, such as legislation 
and enforcement, driver training, publicity campaigns, road infrastructure, and technological 
countermeasures (Section 6). 
 
1.1 What is driver distraction? 
The task of driving requires continuous attention to road and traffic circumstances and 
vehicle control. Drivers may pay insufficient attention to driving because: they are occupied 
with other activities such as making a phone call, tuning the radio, listening to the radio, 
talking with a passenger, or eating while driving; their attention is drawn by noticeable things 
or events inside or outside the car, like a crash on the other lane, a striking person on the 
pavement, a conspicuous billboard alongside the road, or a wasp in the car; they are tired; 
they are thinking about other things than driving, or they are daydreaming without being 
fatigued.  
 
Based on a conceptual analysis of common elements in various definitions of distraction, Lee 
et al. (2008) provide the following general definition: ‘Driver distraction is a diversion of 
attention away from activities critical for safe driving toward a competing activity’ (Lee et al., 
2008, p. 34). 
 
Related concepts to driver distraction are inattention, and concentration loss. When the 
competing task for driving is thinking about other things or daydreaming without being 
fatigued, then this is called concentration loss. Thus, concentration loss can be seen as a 
type of driver distraction where the source of distraction is internal. 
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Regan et al. (2011) conclude that driver inattention means insufficient or no attention to 
activities critical for safe driving, and that driver distraction is one form of driver inattention. 
Other types of inattention may occur because of physical or biological factors (‘driver 
restricted attention’), because of too much focus on one aspect of the driving task (‘driver 
wrongly prioritised attention’), because of neglecting to pay attention to critical driving 
activities (‘driver neglected attention’) or because of too cursory or hurried attention to critical 
driving activities (‘driver cursory attention’).  
 
In conclusion, driver distraction can be considered as one specific type of inattention, 
whereas concentration loss can be considered as a special type of driver distraction due to 
an internal source. 
 
1.2 Sources of driver distraction 
There are various sources of distraction. The sources can reside inside or outside the 
vehicle, be technology-related or otherwise, traffic-related or not, and be self-initiated or 
imposed by the situation/circumstances. While the sources of distraction may take many 
forms, it is helpful to examine distraction in terms of four distinct categories: (1) visual 
distraction (e.g., looking away from the roadway); (2) auditory distraction (e.g., responding to 
a ringing cell phone); (3) biomechanical distraction (e.g., manually adjusting the radio 
volume), and (4) cognitive distraction (e.g., being lost in thought). 
 
Many distracting activities that drivers engage in can involve more than one of these 
components (e.g., visually searching for a control to manipulate). For example, the use of 
media devices while participating in traffic can distract the road user in each of the described 
four ways (Meesmann,et al., 2009; Lee, 2007):  
 
• bio-mechanical/physical distraction because the use of the device interferes with the 

traffic task; 
• visual distraction when the user watches the device instead of the traffic situation; 
• cognitive distraction because the music, the conversation, or other information distracts 

the user from the traffic task; 
• auditory distraction because a ringtone or music is heard and (if earphones are used) 

fewer sounds from the surrounding environment are registered by the road user. 
 
Besides leading to one or more of these distractions, listening to music or having a 
conversation may also change mood or mind set and thus have an effect on driving 
behaviour.  An overview of possible sources and types of distraction is presented in Table 1. 
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Table 1. Different sources and types of distraction 
 
 Traffic 

related? 
Self-
initiated? 

Technology-
related 

Inside 
Vehicle 

Type of distraction 

Phone No Yes Yes Yes Auditory-cognitive 
Passenger No Yes/No No Yes Visual-auditory-cognitive 
Music No Yes Yes Yes Auditory-perhaps 

cognitive 
Texting No Yes Yes Yes Visual-cognitive-physical 
Equipment 
handling 

No Yes Yes Yes Visual-cognitive-physical 

Enter destination 
in Navigation 
system 

Yes Yes Yes Yes Visual-cognitive-physical 

Follow 
instructions 
Navigation 

Yes Yes Yes Yes Visual-auditory-cognitive 

Reacting to 
warnings 

Yes No Yes Yes Visual-auditory-cognitive 

Looking at 
advertisements 

No No No No Visual-cognitive 

Eat, drink, 
reaching for 
object, facial 
care 

No Yes No Yes Visual-physical 

Daydreaming No Yes/No No Yes/no Cognitive 
 
Source: Stelling and Hagenzieker, 2012 
 
 
1.3 Effects of distraction on driving performance 
This section provides an overview of the effects of distraction on driving task performance.  
Section 2.1 briefly provides some explanation of the advantages and disadvantages of 
research methods that are used to study behavioural effects of driver distraction. The 
following four sections describe specific effects of talking and listening (Section 2.2), handling 
equipment (Section 2.3), looking at roadside advertising (Section 2.4) and other activities 
(Section 2.5).  The theoretical mechanisms that may explain the effects of distraction are 
described in Section 2.6. The question as to whether or not road users are able to self-
regulate attention and distraction is answered in Section 2.7. Finally, Section 2.8 presents a 
summary of main points.  
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1.4 Research methods 
The effects of distraction on driving performance have been mostly studied experimentally, 
frequently in a driving simulator or sometimes in a laboratory or the field. These effects are 
not necessarily the same as those in real traffic. The relationship between aspects of driving 
performance and actual crash risk is also not always well-known. There is almost no 
research that has studied behavioural effects and the crash risk of a particular source of 
distraction at the same time. The performance indicators that have been studied are both 
control variables (lateral position, speed, following distance) as well as the ability to perceive 
and react on environmental stimuli/cues (reaction time, visual behaviour, errors). 
 
Studies of the effects of distraction on driving task have often used a laboratory method that 
used a driving simulator, a virtual environment, or animations on a computer screen. The 
advantages of a laboratory or simulator study are that the environment can be controlled, 
such that the situations desired by the experimenters can be presented, and that all 
participants are subject to the same situations. A large number of different situations like 
varying road conditions, illuminations and weather conditions can be studied without waiting 
for them to occur in the natural environment.  
 
A drawback of laboratory research is that participants are obviously aware of the fact that 
they are being observed which may lead to non-natural behaviour. The available time for 
research in a simulator is usually restricted; therefore it is not clear whether only the novelty 
effect of a certain measure or device is investigated, or whether the same behaviour would 
be observed in a longer-term study. Thus, laboratory studies are characterized by a high 
level of control but they are in some respects artificial and may be too different from real-life 
driving. In other words, they may lack external validity. 
 
A step further towards real conditions is the use of test track studies which are performed on 
a closed course but while driving a real car. The conditions are more controlled than in a field 
study. The situations under investigation can be more dangerous than in field studies, 
because surrounding traffic is either absent or controlled. However, as with simulator studies, 
the participants are usually aware of the experimental setting and of being observed, it is not 
easy to perform long-term studies, and the number of participants is limited as for a 
laboratory study. 
 
Field experiments on a closed driving circuit or on a special test route on a public road may 
be more successful in approaching real-life driving conditions. A field study is the method 
closest to real driving, and therefore has high external validity. The possibility of controlling 
the environment is relatively limited, and participants cannot deliberately be exposed to 
dangerous situations. In field experiments there is often little or no control over other 
variables that may affect driving performance. 
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A special observation method is Naturalistic Driving (ND) where the behaviour of drivers is 
registered for a longer period of time via the use of inconspicuous cameras and/or sensors 
which also register vehicle movements and external driving circumstances. In this type of 
research, participating drivers undertake normal journeys. Since the level of control over 
variables is smaller than in experimental studies, it is more difficult to demonstrate causal 
connections with these types of data. 
 
1.5 Effects of talking and listening 
Based on a review by Stelling and Hagenzieker (2012), Table 2 summarises information from 
research on the effects of talking and listening on driving task performance.  
 
Stelling and Hagenzieker (2012) mention the following effects of talking on the phone or with 
a passenger on the driving behaviour of car drivers: 
 
• reduction of driving speed 
• increase in following distance 
• longer reaction times 
• more problems with keeping vehicle on course 
• narrower visual focus resulting in missing objects and making errors 

http://www.dacota-project.eu/index.html
http://www.dacota-project.eu/index.html
http://www.dacota-project.eu/index.html
http://www.dacota-project.eu/


                                            www.dacota-project.eu 
 
 
 

 
 
Project co-financed by the European Commission Directorate General for Mobility & Transport  
 
                                                                                                                   24/01/2013   Page 13 

 
Table 2. Summary of effects of talking and listening driving task performance 
 
 
Performance indicators 

Talking by 
phone 

Talking with a 
passenger 

Music listening 

Speed  
 
 

 
 

▬ /  
▬ 

Deviations from lateral position  
▬ 
 

▬ 4 
 

▬ /  
▬ 

Following distance   ▬ 

Visual behaviour 
• glancing at relevant traffic 

information 

 
 
 

 
 
 
 

 
▬/5 
 
 

• missed objects   
 
 

 ▬ 

• looking away from road  ▬  

• looking 
inside/device/advertisements 

   

• looking in mirrors    

Conflicts  
 / ▬ 

  

Errors  
  
 

▬ 
▬ 
 

 
  
 / ▬ 

Reaction  times  
 
 

 
 

 /  / ▬ 
▬ 
▬ 

Various Attentiveness  
 
 

Driver support  
Noticing events  

Attentiveness & 
aggression  
Stress  
Effort with hard/ high 
paced music  

an increase ;  a decrease; ▬   no effect, () Between brackets expected effect (not yet researched) 
In black effects among car drivers; in blue effects among pedestrians; in brown effects among bicyclists 
4 combined with abruptly braking; 5 only for males (not for females) 
 

 
Source: based on Stelling and Hagenzieker (2012)  
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Other road users 
Little research has been carried out on the effects of talking and listening among other road 
users . Two field studies among cyclists demonstrate that a conversation by phone leads to a 
reduction of speed, an increase in both reaction time and the number of objects that are 
missed, and to a narrower visual focus (Waard, de, et al., 2010, 2011). Pedestrians that use 
the phone walk slower than pedestrians not using a phone or listening to music (Neider et al., 
2010; Hyman et al., 2010). Pedestrians who use the phone also miss more objects (Nasar et 
al., 2008). 
 
Handheld versus hands-free phone use 
Different types of studies – meta-analysis of simulator studies, laboratory and field 
experiments – show that the negative effects on driving task performance such as increased 
reaction time and narrower visual focus are the same for handheld and hands-free use of the 
phone (Caird et al., 2008; Strayer et al., 2011). 
 
Talking by phone or with a passenger 
A number of studies indicate that having a conversation by phone or with a passenger does 
not differ in its effect on change in reaction time (Consiglio et al., 2003; Horrey & Wickens, 
2006) or on the number of missed objects in the peripheral field of vision (Horrey & Wickens, 
2006). However, in some simulator studies it is found that reaction time is slower when 
talking on the phone than talking with a passenger (Burns et al., 2003; Hunton & Rose, 
2005). Regan (2007) suggests that passengers often provide support for task performance of 
drivers and that they interrupt the conversation when the task demands of driving increase 
for the driver. In a simulator study, it has been shown that a passenger is conscious of the 
driving situation leading to adjustment of complexity and pace of conversation (Drews et al., 
2008) 
 
Listening to music 
The effects of listening to music on driving performance depend on the type of music. 
Simulator and laboratory studies show that especially loud, high paced or emotional music 
affect driving task performance. Car drivers who listen to loud music react more slowly and 
commit more traffic violations than other drivers (Callens, 1997). High-paced music also 
leads to more traffic violations and to higher speed (Brodsky, 2002). Emotionally-toned 
music, either cheerful or sad, slows down the speed of driving (Pêcher et al., 2009).  On the 
positive side, listening to music can help drivers to stay alert as has been shown in a 
simulator study by Oron-Gilad, Ronen and Shinar (2008). Van der Zwaag (2012) investigated 
the influence of music on mood and physiology while driving. Her research reveals that 
music influences mood and physiological state in low and high demand driving situations 
without necessarily impairing driving performance. Additionally, this research shows that, in 
accordance with mood regulation theory, music can be effectively used to calm drivers during 
high demand driving situations. Evidence was also found that positive music can prevent 
anger building-up during anger-inducing driving conditions. 
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1.6 Effects of handling equipment 
Based on the review by Stelling and Hagenzieker (2012), Table 3 presents an overview of 
effects of using devices inside the vehicle on driving task performance indicators. 
 
A number of studies have looked at effects of tasks that require visual-physical operation of 
equipment and thus can lead to visual-physical distraction, such as texting, entering a 
number in a mobile phone, entering a destination in a navigation system or operating a music 
device. Most of these studies are simulator studies some of them have been field 
experiments on a trial route. Research on the use of mobile phones has often neglected to 
make a distinction between various sub-tasks of phone use (entering a number, talking, 
texting etc.) and is therefore not systematic in approach. 
 
Handling devices 
Results show that different visual-physical tasks related to device use - texting, entering a 
number, entering a destination, operation of a music device - have similar effects on driving 
performance (Törnros & Bolling, 2005; Drews et al., 2009; Hoskins et al., 2009; Owens et al., 
2011). Car drivers engaged in these activities appear to drive slower, to have more 
deviations in lateral position and to look away from the road longer and more frequently. 
Simulator studies also show slower reaction times and a greater number of conflicts. In one 
study among cyclists similar effects were found as among car drivers, i.e. slower speed, 
deviation in lateral position and an increase in objects in the visual field that were overlooked.  
It is likely that pedestrians and cyclists use navigation on their smart phones but nothing is 
known about possible effects of entering a destination or following route instructions whilst 
walking or cycling. 
 
Music 
A few studies have looked into the effects of operating a music device (most often an iPod). 
It appears that difficult tasks such as searching for a song and switching a device on, 
interfere with driving performance (Young et al., 2011). In the case of easier tasks such as 
turning off a device or pausing or fast forwarding, no behavioural effects have been detected 
(Chisholm et al., 2008).  
 
Navigation 
The behavioural effects of operating a navigation system have been researched in a few 
studies that compare manual and voice activated input of a destination. These studies show 
that manual operation has greater effects on driving performance than voice-activated control 
(Tijerina et al., 1998; Chiang et al., 2004). 
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Table 3. Summary of effects of operation of devices on driving task performance 
  

 Device related sources of distraction 
 
 
 
Performance 
Indicators 

Texting (TT), entering 
number (EN); 
operation music device 
(OM) 

Entering 
destination 
in 
navigation 
system 

Following 
instructions 
from 
navigation 
systems 

Reacting to 
warnings3 

TT EN OM 

Speed    1 
 

2  

Deviations from lateral 
position 

 
 

  1 2  

Following distance       

Visual behaviour 
• glancing at relevant traffic 

information 

 
 
 
 

 
 

 
 
 

 
 

  
 

• missed objects        

• looking away from the road    1   

• looking inside/device/ 
advertisement 

   1   

• looking at mirrors        

Conflicts       

Errors       

Reaction time       

Various Risk perception with 
texting  
 

 Mental workload 
2 

Mental workload 
with multiple 
systems () 

an increase ;  a decrease; ▬   no effect, () Between brackets expected effect (not yet researched) 
In black effects among car drivers; in blue effects among pedestrians; in brown effects among bicyclists 
1 manual entering compared with voice activated;  
2 use of a navigation system compared with a map;  
3 effects on those aspects of driving behaviour at which the system is directed;  

 
Source: Based on Stelling and Hagenzieker (2012)  
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Warning systems 
Little is known about behavioural effects of interaction with various systems (ADAS), such as 
Collision Avoidance Systems (CAS) or a navigation system that inform or warn a driver about 
current traffic situations. Simulator studies have shown that following route instructions from 
a navigation system is less distracting than use of a map, and that auditory instructions have 
the least effects on driving performance. Problems with keeping course, slower speed, and 
mental load/effort are greatest when using a map and smallest when following auditory 
instructions (Srinivasan & Jovaris, 1997). 
 
The potentially distracting effects of different warning systems have only been studied briefly  
because these systems are intended to draw attention away from other (traffic) tasks. 
Simulator studies have focused on the design and effectiveness of these systems for specific 
aspects of driving, perhaps overlooking unwanted side-effects of these systems. For 
example, warning systems have been shown to lead to shorter reaction times in case of rear-
end collisions (Scott & Gray, 2008), but this beneficial effect will not lead to extra safety if car 
drivers start to drive faster or use shorter following distances because of the new system. 
Such an adjustment of behaviour based on a feeling of subjective safety is called behavioural 
adaptation (OECD, 1990). 
 

 
Effects of handling mobile phones on task performance of cyclists 
 
Waard, de, et al. (2010) investigated the direct effects of the use of mobile phones on 
cycling behaviour. Twenty-four cyclists circled a secluded cycle track under six different 
conditions: with or without the use of devices and with or without simultaneously carrying 
out a simple or more complex arithmetic task while handling a mobile phone. The study 
indicated that, on average, cyclists using a mobile phone cycled at a lower speed, reported 
more mental effort, and experienced greater risks. While texting messages, cyclists kept 
further away from the road edge. When using the phone or texting a message, cyclists 
more often overlooked things compared to not using the phone or texting. Text messaging 
had the greatest effect on cycling behaviour and was also perceived as the most 
hazardous, even though speed was reduced. In the study, no or only limited effects of 
listening to music on cycling behaviour were found. However, cyclists themselves indicated 
that they experienced a higher risk while listening to music compared to not listening to 
music. In a later study with a similar setup (Waard, de, et al., 2011) it was found that 
listening to music while cycling reduces auditory perception - cyclists miss more auditory 
information. These negative effects were greater when earphones were used and when the 
rider was listening to something at high-volume or fast tempo. It was also found that hands-
free use of a mobile phone while cycling had similar negative effects on cycling behaviour 
to hand-held phone use, with the exception of effects on response time. 
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1.7 Effects of roadside advertising 
Roadside advertising and information billboards are intended to draw the driver's attention, 
which may cause diminished attention to the current traffic situation. Information signs at the 
roadside serve a different purpose: these signs are intended to increase road safety. 
However, in both cases the driver's diminished attention could result in more crashes in their 
vicinity. 
 
A number of studies, simulator studies or field experiments, have shown that roadside 
advertising can influence driving behaviour (Beijer et al., 2004; Crundall et al., 2006; 
Chattington et al., 2009; Young et al., 2007). The effects that have been found are a 
decrease in speed and a greater variation in lateral position. Advertising billboards also draw 
the visual attention from drivers, increase reaction time, and lead to more errors. Moving 
billboards and billboards positioned in the central field of vision or at street level (rather than 
at a raised level) are particularly distracting (Beijer et al., 2004; Crundall et al., 2006). A 
simulator study among motorcyclists with a probationary licence showed that emotion-inciting 
billboards were, again, particularly distracting (Megias et al., 2011). 
 
1.8 Effects of other activities 
Daily activities such as eating and drinking influence the driving task as is evident from a 
naturalistic driving study among car drivers (Stutts et al., 2003). Eating and drinking lead to 
greater deviations from lateral position, lower speed and more crashes and near crashes. 
Car drivers also look away from the road more frequently while eating and drinking. They 
also look away more frequently when they reach for objects or when they are preoccupied 
with external thoughts. Effects of advertising billboards, eating and drinking, reaching for 
objects and external thoughts on behaviour of pedestrians and cyclists are unknown.  
 
One driving simulator study has looked into the effects of daydreaming on the driving task 
(Brouwer & Martens, 2007). The participants in the study who were induced to engage in a 
thinking task while driving task showed greater variation in speeds, and looked less 
frequently at rear view and wing mirrors. Moreover, the participants reported paying less 
attention to the driving task.  
 
1.9 Processes that explain effects 
There are three basic information-gathering processes that may explain the effects of driver 
distraction on driving performance: selective attention, divided attention, and visual 
behaviour. 
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Selective attention 
Selective attention refers to the process whereby one of several competing messages from 
the environment is chosen for further information processing whereas other messages are 
filtered out (Wickens et al., 2004). In essence, performing several tasks simultaneously 
means switching very rapidly between these tasks (Dzubak, 2008). However, during this 
switch some time and attention is lost (Rogers & Monsell, 1995). This can explain why car 
drivers need longer reaction times and make more errors if they perform an extra task, such 
as speaking on the phone or handling a navigation system. 
 
Divided attention 
In situations where a person has to perform two tasks at the same time, division of attention 
occurs (Wickens et al., 2004). Driving a car also demands a continuous process of driving 
attention, for example, giving attention to traffic signs and giving attention to position on the 
road. Research has demonstrated that two tasks simultaneously performed are more likely to 
interfere with one another when both tasks use the same sensory modality (Groeger, 2000). 
Since driving a car relies heavily on visual attention, simultaneous performance of another 
visual task will interfere more strongly with driving performance than an auditory or vocal 
task. 
 
Visual behaviour 
According to Theeuwes (2008) the time that a driver glances away from traffic and glances at 
equipment or an object should not last longer than 1.6 seconds. Horrey and Wickens (2007) 
found that 80% of simulator-crashes could be attributed to glances at objects inside the 
vehicle that took longer than 1.6 seconds. A naturalistic driving study of Klauer et al. (2006) 
showed that long duration glances away from the road were related to increased crash risk. 
The risk of a crash or near crash doubled when drivers did not look at the road for 2 seconds 
or longer. Research has demonstrated that the average time of the longest glances at a 
mobile phone while texting is longer than 2 seconds (Hosking et al., 2009). Typing a 
message and other intensive visual tasks associated with handling a device inevitably draw 
attention away thus interfering with the driving task. Visual tasks are, therefore, high risk 
activities while driving (Hanowski et al., 2009). 
 
Young and Salmon (2012) argue that more precise knowledge is needed about the 
mechanisms underlying the relationship between distraction and error. The literature 
provides some insights into the broad mechanisms, including breakdowns in information 
processing and, impaired visual scanning, but often the specific mechanisms and at what 
point they occur in a chain of events still remains unclear. For example, it is clear that drivers’ 
inability to recognize information and events occurring earlier on in road scenes are often 
due to information processing deficits rather than failure to fixate the events.  However, it is 
uncertain if these observed impairments results from disruptions to the encoding of 
information at the point of fixation or in the retrieval of the information at a later point. 
Furthermore, these authors point out that research has focused on how distraction 
contributes to performance impairments and errors, thereby ignoring the question on how 
distraction might disrupt drivers from recovering successfully from errors. Research is 
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needed to explore the relationship between driver distraction and error recovery, including 
the mechanisms by which distraction may interrupt successful recovery strategies.  
 
1.10 Self-regulation of attention 
Are drivers able to self-regulate their attention when they notice their driving performance is 
not up to standard? Field experiments by Chrisler (2010) suggest that drivers lack the ability 
to self-regulate attention deficits while driving. In two simulator experiments, participants 
evaluated their driving performance before and after driving a simulated curving road under 
different distraction conditions. In Experiment 1 drivers failed to appreciate their distraction-
induced performance decreases and did not recognize the dissociation between staying in 
lane performance and pedestrian identification performance. In a second experiment Chrisler 
(2010) found that drivers did not adjust their speed to offset being distracted. He concluded 
that continuous feedback that steering skills are robust to distraction may prevent drivers 
from being aware that they are distracted. 
 
Taken together, the results of these two experiments have shown that drivers fail to perceive 
decreases in the area of identification performance, and instead rely on the positive feedback 
of staying in lane performance to guide driving strategy (in this instance limited mainly to 
speed choice). Based on these data, Chrisler argues that we should not expect drivers to be 
capable of successfully adjusting their driving behaviours to compensate for distraction. The 
lack of understanding of the dissociation in driving performance decreases caused by 
distraction is likely to cause inappropriate driving decisions due to unrecognized reductions in 
awareness (Endsley, 2000). 
 
If drivers are not able to self-regulate attention in normal circumstances, the situation 
worsens when they get tired or fatigued. A study by Barr et al. (2011) provides a better 
understanding of the relationship between driver drowsiness and driver distraction and 
inattention. Quantitative evidence was obtained to verify the hypothesis that drivers suffering 
from fatigue and drowsiness experience “tunnel vision”. When drivers become drowsy, the 
rate of eye transitions and the proportion of time their eyes are off the road ahead were both 
found to decrease. Therefore, drowsy drivers are less aware of the driving environment 
around them, and their ability to recognize potential hazards from other vehicles or objects 
outside the vehicle is compromised. 
 
Older drivers have been shown to self-regulate their driving behaviour to minimise their risk 
of crashing. Once aware of their difficulties in sharing attention between various tasks they 
will probably be less inclined to combine driving with other non-driving related activities such 
as operating a radio or a CD player or having a telephone conversation. Lerner (2008) 
investigated drivers’ willingness and perceived risk of engaging in various secondary tasks 
(e.g. eating, drinking, performing different functions with a mobile phone or a navigation 
system). In general, younger drivers expressed more willingness than middle-aged or older 
drivers to use in-vehicle technologies. Younger drivers also perceived this usage as less 
risky than middle-aged and older drivers. Lerner concluded that older drivers’ reluctance to 
engage in distracting tasks while driving may be a process of self-regulation. 
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In a research survey, Goldenbeld et al. (2012) showed that, among cyclists, willingness to 
engage in distracting tasks  also depends very much on age. While middle-aged and older 
adult cyclists tended to avoid the use of equipment while cycling in more demanding traffic 
situations, this was far less visible for teen cyclists and young adult cyclists. Between 30-40% 
of the teen or young adult cyclists who listened to music while cycling always or nearly 
always did so in more demanding traffic conditions (darkness, intersections, or heavy traffic). 
Middle-aged and older cyclists who listened to music  16-23% did this always or nearly 
always in more demanding conditions. Similarly, between 7-13% of the teen and young adult 
cyclists always or nearly always used a mobile phone in more demanding situations, 
whereas almost none of the older cyclists did this always or nearly always. 
 
1.11 Summary of main points on the performance effects of distraction 
 
• The effects of distraction on driving performance have mostly been studied in 

experiments, frequently in a driving simulator or sometimes in a laboratory or in the field. 
These effects are not necessarily the same as those in real traffic. 

 
• The relationship between aspects of driving performance and actual crash risk is not 

always well-known. There is almost no research that has studied both behavioural effects 
and crash risk at the same time.  

 
• The performance indicators that have been studied are both control variables (speed, 

lateral position, following distance) as well as the ability to perceive and react to 
environmental stimuli/cues (visual behaviour, reaction time, errors, conflicts with other 
road users). 

 
• Different visual-physical tasks related to device use (texting, entering a number, entering 

a destination, operating a music device) lead to reduced driving performance, i.e. more 
frequent and longer periods looking away from the road, more objects are missed, 
greater variation in lateral position, slower reaction time, and a greater number of 
conflicts with other road users. 

 
• Handheld and hands-free use of phones appear to have similar negative effects on 

driving task performance.  
 
• Talking with a passenger appears to have less effect on driving task performance since 

passengers may support the driver with the driving task and adjust the pace and 
complexity of conversation in reaction to changing task demands.  

 
• Eating and drinking while driving leads to greater deviations from lateral position, lower 

speed and more (near) crashes. Car drivers also look away from the road more 
frequently while eating and drinking and when they reach for objects or when they are 
preoccupied with external matters. 
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• Roadside advertising can influence driving behaviour. The effects that have been found 
are a decrease in speed and a greater variation in lateral position. Advertising billboards 
also draw the visual attention of drivers, increase reaction time, and lead to more errors. 
Moving billboards and billboards positioned in the central field of vision or on street level 
(instead of raised level) are a particular distraction for drivers. 

 
• The effects of driver distraction on driving task performance can be explained by three 

basic processes: selective attention, divided attention and visual behaviour. Distraction 
diminishes driving performance because attention is drawn to irrelevant tasks (non-
driving tasks or less important driving tasks), attention is divided between tasks and is 
insufficiently focused on important driving information, or visual scanning causes 
important information to be overlooked. 

 
• Drivers are not able to self-regulate attention to a sufficient degree. Fatigued driving is 

one of the factors that increases inattention and narrow visual focus.  

2 Prevalence of driver distraction 
This section describes the research on the prevalence of driver distraction. Section 4.1 
describes advantages and disadvantages of research methods. Sections 4.2 and. 4.3 
describe research on the prevalence of driver distraction among car drivers,  pedestrians and 
cyclists. Section 4.4 pays special attention to the importance of age in the prevalence of 
driver distraction. Section 4.5 offers a summary of the main points.  
 
For different reasons, knowledge about duration and frequency of sources of distraction is 
important. Firstly, prevalence data are important for determining the possible change in crash 
risk associated with a particular source of distraction. Secondly, prevalence data provide 
information about which activities may distract road users and about patterns in these 
activities which can be used for developing countermeasures. Thirdly, prevalence data are 
also an important means of verifying whether countermeasures have actually worked. In 
short, future research should provide us with knowledge about a broad spectrum of 
distracting activities in order to determine risk, and develop and evaluate countermeasures 
for specific categories of distraction.  
 
2.1 Research methods 
Studies that aim at determining the prevalence of distracting activities have used survey-type 
research and observational research and, especially, naturalistic driving-observations. Each 
method has its limitations and no single method fully registers all distracting activities. 
Surveys can be performed relatively quickly and cheaply, they can cover large geographical 
areas and provide insight into behaviour that is difficult to observe. On the other hand, 
surveys are very much dependent on the accurate memories and honest answers of 
respondents. Respondents may tend to give socially desirable answers. Internet-surveys do 
not include respondents with no internet-connection.  
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Observation studies also have their limitations. Observations at the roadside depend upon 
the accuracy of the observer. Often the time available for making observations is limited. 
Roadside observations are often limited to relatively brief periods and a limited number of 
locations which raises questions about representativeness. 
 
Naturalistic driving studies allow us to observe the behaviour of road users in real traffic 
conditions over a longer period of time. One disadvantage of this method is that driving 
behaviour may be influenced by the knowledge of being under observation. Completely 
reliable and valid registration of eye movements is also not yet possible in naturalistic driving 
(Regan et al., 2008). 
 
2.2 Prevalence among car drivers 
An overview of prevalence measures of distracting activities among car drivers is presented 
in Table 4. 
 
Table 4. An overview of prevalence measures of distracting activities among car drivers. 
 

Sources of 
distraction Distractive activity  

% Car drivers engaged 
in activity 

% of total driving time spent 
on activity 

Survey ND-study Survey ND-study 

Talking and 
listening 

Talking over mobile 
phone 

48 l* 30 a   1,3 a * 

- Handheld 30 l* 
35 g* 

   

- Hands-free 35 l* 
32 i 

   

Conversation with 
passenger 

40 b** 
38 c** 
81 d** 

77,1 a 
 
 

39 c* 15,3 a 
16,2 h*** 

Listening to music 92 - 95 k 
93,7 
(radio) g 
76,7 (cd) 
g 
16,7 
(iPod) g 

94 a 
 

  

Handling 
devices 

Texting 12 b 
14,1 f 
17 e, 26 j 

   

- Reading 25 i, 35 g    

- Sending 14 i, 30 g    

Entering number  27,1 a  1,3 a* 
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Handling music device 95b 
47,5 - 65 
k 

91,4 a  1,3 a 

Entering a destination 
in a navigation system 

12i     

Following instructions 
of a navigation system  

25 i    

Using a navigation 
system (generally) 

2 d  
8 g 

   

Other Eating, drinking (spilling 
food)  

9 c 
49 d 
81 g 

71,4 a 30 c 1,4 a 
4,6 h 

Reaching after objects 2 b 97,1 a   

External cares 8 d 45,7 a 3 c 0,3 a 

Studies: a Stutts et al. (2003);  bMcEvoy (2006); c Huemer & Vollrath (2011);  d Royal (2003);  e 
Telstra (2003);  f AAA Foundation for Traffic Safety (2008);  g Young & Lenné  (2010);  h Klauer 
at al. (2006);  i Lansdown (2009);  j Madden & Lenhart (2009);  k Laberge-Nadeau et al. (2003);  l 
Intomart GfK,(2008 
Notes: * Combined category use of mobile phone: conversation, handling phone, entering 
number  
** Combined category: interaction with a passenger, predominantly having a conversation 
*** Combined category: use of  navigation system and Collision  Avoidance System 

 
Source: Based on the review by Stelling and Hagenzieker (2012) 
 
Although the figures vary, Table 4 shows that a relatively high number of car drivers engage 
in distracting activities. In particular, listening to music (radio), talking with a passenger, and 
eating and drinking frequently occur while driving. More than 90% of car drivers listens to 
music (radio) and a high percentage (47,5-95%) handle a music device while driving. 
Between 40 and 80% of drivers talk with a passenger and about 50 to 80% eat or drink 
inside the car. The ND-study of Stutts et al. (2003) shows that 30% of car drivers use a 
mobile phone while driving. A Dutch survey found that 48% of car drivers use a phone while 
driving (Intomart ,2008). About a third use phones hands-free and equally a third handheld. 
About 15-35% of car drivers sends or reads text messages while driving.  
 
Although many studies have focused on patterns of mobile phone use while driving, little is 
known about the prevalence of specific sub-tasks of phone use, such as entering the number 
or only speaking. In recent years there has been an increasing interest in texting while 
driving: about 13-35% of car drivers (dependent upon question format) sends or reads 
messages while driving.  
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Table 4 also shows that whereas many car drivers spend time on distracting activities, the 
relative amount of time spent on these activities is low. ND-studies show that car drivers 
spend 23-31% of total driving time on distracting activities (Klauer et al., 2006; Stutts et al., 
2005). About half of this time the driver spends talking with a passenger (about 15-16%) and 
about the same amount of time is spent on other distracting activities such as eating and 
drinking, mobile phone use and other activities not mentioned in Table 4 (smoking, reading, 
or even preparing sandwiches). 
 
For specific types of distracting activities there is almost no knowledge at all about 
prevalence. For example, there is hardly any knowledge about prevalence of looking at 
advertising billboards, the use of advanced driver assistance systems (ADAS) such as a 
Collision Avoidance Systems (CAS), Lane Departure Warning Systems (LDWS) or 
navigation systems. It can be expected that the application and use of these types of 
systems will increase in the coming years. 
 
Children passengers as a distraction 
Another naturalistic driving study (not mentioned in Table 4) found that children (1-8 yrs.) 
were a large source of distraction to the driver, accounting for 12% of all potential sources of 
driver distraction (Koppel et al., 2011). For example, drivers were observed checking on their 
children either by turning back to look at rear seat occupants or by viewing children in the 
rear-view mirror. On around 46% of these occasions, the driver was engaged in this 
secondary task for 3 or more seconds and in some cases (8%) for more than 11 seconds. 
More than half of these potentially distracting activities were engaged in by drivers while the 
study vehicle was in motion (56%). To put these results in perspective, it should be noted 
that drivers spent significantly longer periods engaged in non-child occupant-related activities 
compared with child occupant-related activities. In addition, a significantly higher proportion 
of non-child occupant-related activities involved drivers having their eyes off the road for 
more than 2 seconds while the vehicle was in motion (14%) compared to child occupant-
related activities (10%). 
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Texting while driving 
 
Research examining the prevalence of text messaging behaviour while driving is mainly 
based on surveys. Surveys can examine the more subjective aspects of driver perceptions, 
attitudes and behaviour and can gather data from a large number of participants. Surveys 
also have the advantages of being relatively cheap and quick and easy to administer. 
Additionally, answers to surveys can be anonymous which increases the chances of 
participants responding honestly. 
 
Hallett et al. (2012) performed an on-line survey of texting while driving in New Zealand. A 
total of 1057 eligible participants completed the survey, of whom 723 were female (68.4%) 
and 334 (31.6%) were male.  Respondents were asked to estimate how many text 
messages, on average, they read and sent while driving (i.e. in motion) in a 1 week period. 
The response options for both questions were ‘zero’, ‘1–5’, ‘6–10’, ‘11–20’, and ‘more than 
20’.  A total of 66.2% of participants (637 of 962) reported reading at least 1–5 text 
messages and 52.3% (503 of 962) reported sending at least 1–5 text messages while 
driving, during a typical week. At the upper end of the scale, 7.4% and 5.3% of participants 
reported reading and sending on average 15.5 text messages per week, respectively. On 
average, 6.9% of participants reported reading at least 20 text messages while driving per 
week, while 5.5% reported sending at least 20 text messages while driving per week. 
 
Participants were asked, as a general question, if they felt that text messaging impairs their 
driving performance. The response options were, ‘‘yes’’, ‘‘no’’ and ‘‘not applicable as I 
never text message while driving’’. Including only participants who admitted to text 
messaging while driving, 89.1% (650 of 730) of participants responded ‘‘yes’’ to this 
question. 
 
Overall, the results of this study revealed that text messaging while driving was a prevalent 
behaviour among participants. In accordance with previous research, reading text 
messages while driving was reported to be more frequent than sending text messages 
while driving. In total, 66% of participants reported reading at least 1–5 text messages 
while driving and 52% reported sending at least 1–5 text messages while driving, during a 
typical week. Additionally, sending text messages was perceived as being more dangerous 
than reading text messages while driving with drivers being optimistic about the risk of 
crashing, that is, respondents perceived text messaging while driving themselves as 
somewhat safer than text messaging by other drivers when they were passengers. 
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2.3 Prevalence among pedestrians and cyclists 
A few studies have appeared that present some data on prevalence of distracting activities 
among pedestrians or cyclists. Based on the review by Stelling and Hagenzieker (2012), the 
results of these studies are summarised in Table 5. 
 
Table 5. Prevalence among cyclists and pedestrians 
 

 % cyclists that on 
almost every trip   
(left figure) or on 
some trips  (right 
figure) engaged in  
an activity a 

% cyclists observed 
engaging in an 
activity b 

% pedestrians 
engaged in activity 
during a walk (1 c) 

Conversation by phone 3,3                       55 
 

1,2 
 

16; 24  

Conversation with 
passenger 

 4,9 14; 26,6 

Listening to music 15                        39 4,9 
 

18,5; 27,5 

Texting and entering phone 
number 
Sending message 
Reading message 

3 
 
35 
49 

0,3 
 
 
 

 

1  calculation by Stelling & Hagenzieker (2012); a Goldenbeld et al. (2012); survey 
b Waard, de et al. (2010); observation on three locations ; c Hyman et al. (2010): observation at one 
location 

 
The prevalence figures of cyclists concerning device use are roughly comparable with those 
of car drivers. A direct comparison is difficult since figures for cyclists are limited to two Dutch 
studies whereas the figures for car drivers have been taken from a wide array of international 
studies. 
 
Pedestrians 
For pedestrians, prevalence data are insufficient to draw conclusions. In the right column of 
Table 5, Stelling and Hagenzieker (2012) present prevalence data based on a calculation of 
data of two observation studies by Hyman et al. (2010), performed at one location. In the first 
study more than 300 pedestrians were observed (first number per activity in right column) 
and in the second study about 150 (the second number in right column). About equal 
proportions of pedestrians listen to music or have a conversation by phone or with a fellow 
pedestrian. Clearly, one study is not sufficient to draw far reaching conclusions about 
prevalence of distraction under pedestrians. 
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Cyclists 
In the Netherlands, a survey was set up to monitor the extent of the use of portable, 
electronic devices while cycling amongst different age groups and to estimate the possible 
consequences for safety (Goldenbeld et al., 2012). The main research questions concerned 
age differences in the self-reported use of electronic devices while cycling, self-reported 
crash involvement and risk.  Almost 70% of the Dutch cyclists used a mobile phone or 
another portable electronic device at least sometimes while cycling. One in every six cyclists 
did so on every cycling trip. Thirty-one per cent of the respondents never used a mobile 
phone or another electronic portable device while cycling. On the other hand, 17% of the 
respondents did so during nearly all cycling trips. Listening to music was the most frequent 
mode of equipment use, with 15% of cyclists listening to music on every trip or nearly every 
trip. Furthermore, 3% used the phone on every trip or nearly every trip; 3% sent or read a 
text message on every trip or nearly every trip; and 1.7% looked for information on every trip 
or nearly every trip. Overall, 55% of cyclists used the phone at least occasionally while 
cycling. Seventeen per cent of cyclists reported using a hand-held phone while cycling during 
some trips; 2.4 % of cyclists reported doing this during all or nearly all cycle trips. Answering 
a call on a handheld phone while cycling was reported by 23% during some trips and 2.4% 
reported doing this on every trip or on nearly every trip. In contrast, the use of a hands-free 
phone to either make or answer a call on some trips was reported by only 5% of cyclists. 
 
2.4 Prevalence and age 
Young road users more frequently engage in distracting activities than older road users and 
are the most frequent users of (new) technologies while driving (Lee, 2007). For many 
younger drivers, using an electronic device use has become part of the traffic task. 
Compared to older road users, young people more often use a phone, text, and listen to 
music while driving a car, but also while cycling. Some distractions that are not related to 
technology also occur more frequently among younger road users. In a survey, McEvoy et al. 
(2006) found that younger drivers (18-30 yrs.) not only engaged more frequently in mobile 
phone use than older drivers (50-65 yrs.) but also in the operation of windshield wipers, lights 
and ventilation systems. They also paid more attention to events, people and objects outside 
the car. Another study by Young and Lenné (2010) comparing young (18-25 yrs.), adult (26-
54yrs.) and older (55+yrs.) drivers confirmed that younger people (18-25 yrs.) use mobile 
phones, text, listen to music, and eat and drink while driving more frequently than older 
drivers (26-54 yrs.; 55+). 
 
Age also appears to be an important factor in the prevalence and use of electronic devices 
among cyclists. A study by Goldenbeld et al. (2012) shows that the use of devices while 
cycling is very age-specific. Device use for various purposes - (music, phone, information, 
texting-) - was about twice as high among teenaged and young adult cyclists (12-34 years) 
than among older cyclists (35+ years). Three quarters of 12-17 year olds sometimes used a 
device to listen to music while cycling, whereas only one eighth of the over 50s did. Younger 
cyclists (both 12-17 and 18-34 years old) indicated that they continued to use devices for 
listening or phoning in specifically busy or otherwise complex traffic situations more 
frequently than older cyclists. More specifically, older cyclists (50+) selectively reported not 
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using devices in these situations – which is a form of compensatory behaviour – two to three 
times more frequently than younger cyclists (12-34 years).  
 
2.5 Summary of main points on the prevalence of distraction  
 
• Prevalence data are important for determining the possible change in crash risk that is 

associated with a particular source of distraction. Secondly, prevalence data provide 
information about which activities may distract road users and about patterns in these 
activities which can be used for developing countermeasures. Thirdly, prevalence data 
are also an important means of verifying whether countermeasures have actually worked. 
In short, future research should provide us with knowledge about a broad spectrum of 
distracting activities in order to determine risk and develop and evaluate 
countermeasures for specific categories of distraction.  

 
• Based on available research, it can be concluded that a large number of road users are 

engaged in activities that can distract from the driving task. Listening to music is very 
popular among both car drivers and cyclists. Many car drivers are engaged in 
conversation with a passenger, or using a  phone, or eating and drinking. Car drivers 
spend about 25-30% of total driving time on distracting activities of which about half 
consists of conversation with a passenger. Age is an important factor for prevalence; the 
prevalence figures for young road users are substantially higher than those of middle-
aged or older road users. 

 
• Prevalence data on distracting activities among cyclists are scarce. The few available 

studies on cyclists have focused on device use, especially mobile phone use, texting and 
listening to music. Other types of distracting activities have not been studied yet. 
Prevalence data on distracting activities among pedestrians are scarce.. 

 
• It should be pointed out that the prevalence data for car drivers do not include all possible 

sources of distraction. Although estimates vary due to differences in research methods 
and classification of activities, it is presumed that figures underestimate the real size of 
the problem (Regan et al, , 2008).  

 
• A further point for consideration is that prevalence data can become outdated very 

quickly. The emergence and increasing use of new technologies will lead to new or 
different patterns of distraction. 
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3 Driver distraction and crashes 
This section presents research on the relationship between distraction and road crashes. 
Section 5.1 briefly describes the main research methods used to study the relationship 
between distraction and crashes. Section 5.2 presents findings on the proportion of crashes 
attributed to distracting activities. In the following three sections, special attention is paid to 
risk increases due to talking and listening (Section 5.3), to handling equipment (Section 5.4), 
and looking at advertising billboards (Section 5.5). Section 5.6 specifically compares risk of 
distracting activities between car drivers and truck/bus drivers. Section 7.7 looks at risk of 
device use among cyclists and pedestrians. Section 5.8 provides an overview of findings and 
section 5.9 presents a summary of the main points. 
 
3.1 Research methods 
Identifying the crash risk due to different distracting activities is a difficult research task. 
Causal relationships are hard to verify. Studies have found relationships between distracting 
activities and crashes and on the basis of the evidence have attempted to estimate crash 
risk. It should be borne in mind that, even when a distracting factor was present, the crash 
itself could have been partly or even totally caused by other factors. Distraction is not the 
only road safety subject affected by this problem. There are many risk factors for which it is 
quite difficult to establish crash risk in a very precise and reliable way (see for instance Elvik 
et al., 2009). 
 
Crash studies are mostly based on police reports of crashes sometimes completed by 
interviewing persons involved. Two types of crash studies can be distinguished, case-control 
or case-crossover. In case-control studies, crash statistics of drivers involved in a distractive 
activity are compared with crash statistics of other drivers who are not involved in a 
distractive activity. In a case-crossover design, individual drivers involved in crashes are 
compared with themselves with respect to risk behaviour during periods when they were not 
involved in a crash. For example, mobile phone use during a crash is compared with mobile 
phone use of same driver in a similar period before crash. 
 
Epidemiological research, such as crash studies, often has large sample size and the results 
can be seen as representative for the population. However, crash studies are likely to 
provide an under-estimation of the role of distraction in crashes. There are several reasons 
for this. Firstly, crashes registered by the police represent only part of the total number of 
crashes. Second, the possible influence of distraction on crash is determined after the event, 
and information given by the driver or witnesses is not always reliable. Thirdly, the police are 
not able to detect all types of distraction. Fourthly, in various countries such as the 
Netherlands, Australia, Belgium, Germany, Greece, Israel, the police do not systematically 
register whether the driver was in any way distracted during the crash. Finally, even when a 
distracting activity was present during the crash, there is often insufficient knowledge about 
whether this was the only or the most important crash cause. Drivers themselves will be 
reluctant to report a connection between distraction and crash.  
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A useful addition to general crash research is in-depth investigation of crashes that collects 
detailed information with the aim of determining which factors and circumstances have led to 
which type of crashes and the type of injuries which are associated with these crashes. In in-
depth investigation a special research team collects additional information on the crash by 
inspecting crash location and vehicle damage and by interviewing  persons involved in 
crashes. 
 
A disadvantage of crash research is that it cannot provide information on the prevalence of 
distracting activities. In this respect, naturalistic driving research has an advantage. ND-
research can provide us with information about what behaviour and events preceded the 
crash (or near-crash). This type of research enables the researcher to analyse data 
concerning crashes or near crashes in comparison with data concerning ‘normal’ periods of 
(uneventful) driving (the ‘baseline’). This enables the researcher to determine odds-ratios for 
specific distracting activities. In this context, the odds-ratio is a measure for the change in 
crash risk associated with a particular distracting activity.  
 
3.2 Distraction and crash causation 
Table 6 presents an overview of study findings concerning the percentage of crashes where 
distraction has played some role. Taking several study results into consideration, it is 
estimated that distraction plays a role in the causation of 5% to 25% of car-crashes (Hurts et 
al., 2011). Higher estimates are given for truck drivers: a naturalistic driving study Olsen et al. 
(2009) presents an estimate as high as 70%. 
 
Table 6. Overview of studies that provide estimates of percentage of  crashes where 
distraction is involved. 
 

Type of study Percentage crashes where distraction plays a role 

Crash studies 10-12%-a 

Naturalistic driving studies  
23 % (personal cars)b 

71 % (trucks)c 

80 % (including inattention)d 

In-depth crash investigation 24-31% (Netherlands)e 
32% (Europe)f 

a Gordon (2008);  b Klauer et al. (2006); c Olsen et al. (2009); d Neale et al. (2005)  e 
Davidse et al. (2011); fTalbot et al. (in press) (including both distraction and inattention) 

 
Crash studies of driver distraction find that driver distraction is a contributory factor in at least 
10-12% of crashes (Gordon, 2008). This method uses police data. These data are 
sometimes complemented by interviews with the drivers/passengers involved in a crash.  
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A study by Talbot et al. (awaiting publication) used data about distraction and inattention 
from the SafetyNet Accident Causation Database. This database was formulated as part of 
the SafetyNet project to address the lack of representative in-depth accident causation data 
within the European Union. Data were collected in 6 European countries using ‘on-scene’ 
and ‘nearly on-scene’ crash investigation methodologies. In this study, inattention was 
defined as ‘Low vigilance due to loss of focus’. Factors that could lead to inattention include 
coughing; driving on a road where the features and environment remain the same for an 
extended period (boring road); and over-familiarity with the journey, e.g. not noticing a sign 
has changed. 32% of crashes recorded in the database involved at least one driver, rider or 
pedestrian designated as ‘Inattentive’ or ‘Distracted’. 212 of the drivers were assigned 
‘Distraction’ and 140 drivers were given the code ‘Inattention’. 
 
Naturalistic driving studies provide us with higher estimates of crashes where distraction 
plays a role. The ‘100-Car Study’ that followed the driving behaviour of drivers of 100 cars 
during one year estimates that in almost 80% of crashes and 65% of near-crashes some 
type of distraction or inattention played a role in the three seconds preceding a crash or near 
crash (Neale et al., 2005). Looking specifically at distraction by a non-traffic related task (and 
not at inattention in general), this study found that distraction played a role in 23% of crashes 
and near-crashes (Klauer et al., 2006). An ND-study by Olsen et al. (2009) studied driving 
behaviour of 203 truck drivers (in 55 commercial trucks) during 3 months. The researchers 
found that distraction (by a non-traffic-related task) played a role in 71% of crashes and 46% 
of near crashes. The higher estimates for the role of distraction in the Olsen et al. study may 
be caused by lower numbers of crashes in the study, the later date of the study, or the 
inclusion of more sources of distraction (e.g. texting). Differences in driving behaviour 
between car drivers and commercial truck drivers may also explain the divergence in results. 
For example, truck drivers need to scan more of their environment because the size of their 
vehicles restricts their view. They also drive more at night and undertake longer journeys. 
 
3.3 Risk of talking and listening 
Based on a review by Stelling and Hagenzieker (2012), Table 7 presents changes in crash 
risk (odds-ratio) when distracted by talking or listening while driving as estimated in 
epidemiological crash research and naturalistic driving studies. An odds-ratio higher than 1 
signifies a distractive activity associated with greater risk than ‘normal’ driving, whereas, an 
odds-ratio lower than 1 indicates a lower risk. Odds-ratios that are significantly different from 
1 are printed in bold.  
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Table 7. Estimates of relative risk (odds-ratios) of talking/listening among drivers of personal 
cars and trucks/buses). Odds-ratios that are statistically significant different from 1 are in 
bold. 
 

Distractive activity 
Naturalistic Driving-studies Crash studies  

Person car drivers Truck-/ bus 
drivers 

Conversation by mobile phone   4,34b 
4,15c 
5,6 6b 
1,1 (males) 7b 
1,2 (females) 7b 

- Handsfree  0,44 2 
0,65 3 

5,94b 
3,85c 

- Handheld 1,3 1 
 

1,04 2 
0,9 3 

3,94b 
4,95c 

Conversation with a passenger 0,5 1 0,35 2  
 

References: 1 Klauer et al. (2006)  2 Olson et al. (2009)  3 Hickman et al. (2010) 4 Redelmeier & 
Tibshirani (1997) 5 McEvoy et al. (2005): 6 Violanti & Marshal (1996) 7 Laberge-Nadeau et al. 
(2003) 8 Backer-Grøndahl & Sagberg (2009) 

 
Case-crossover crash studies have demonstrated that using a mobile phone while driving 
increases crash risk by a factor of 4 (Redelmeier & Tibshirani; McEvoy et al., 2005). Case-
control crash studies (Violanti & Marshall, 1996; Laberge-Nadeau et al., 2003) also recorded 
a higher crash risk for mobile phone users (factors 5.6, 1.1/1.2 males/females). However, 
three naturalistic driving studies show no increased risk of mobile phone use (Klauer et al., 
2006; Olsen et al., 2009; Hickman et al., 2010).  
 
A meta-analysis by Elvik (2011) analysed 12 studies on the relationship between phone use 
and crash risk. The studies contained examples of different study methods (2 case control, 2 
case crossover, 4 survey, 1 naturalistic driving and 3 induced exposure). Of the 12 studies 
six contained relatively reliable information about the use of mobile phones at the time of a 
crash. The analysis of these six studies showed that risk estimates were quite diverse. The 
summary estimate of the odds-ratio of crash involvement associated with the use of a mobile 
phone was 2.86 (i.e., almost a threefold increase in risk). There was evidence of publication 
bias in the remaining studies with less precise information about mobile phone use which 
undermines confidence in their risk estimates. 
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The discussion about why different type of studies lead to different result for mobile phone 
use is ongoing but not yet resolved. The different types of studies, case crossover, case 
control and naturalistic driving all have their limitations. In studies by Redelmeier and 
Tibshirani (1997), Laberge-Nadeau et al. (2003) and Violanti & Marshall (1996), a very broad 
definition of mobile phone use was used which did not distinguishing between specific sub-
tasks such as talking, texting, entering number, or reading. In naturalistic driving studies, 
odds-ratios are calculated for each of the sub-tasks. This particular difference could be one 
of the possible explanations of why results differ. The methodology of naturalistic driving is 
also relatively new and discussion of how this methodology can best be applied continues. 
For example, one of the issues in ND-research is the use of near-crashes as substitute for 
real crashes. Another issue is the best choice or operationalisation of an appropriate 
baseline of behaviour. 
 
What possible reasons could there be for the negative effect of mobile phone use on driver 
performance as demonstrated in laboratory, simulator and field studies not fully transferring 
to real traffic conditions? Stelling and Hagenzieker (2012) mention three possible 
explanations: 
• behavioural compensation: road users compensate by using a mobile phone in situations 

where the demands of the driving task are low and by keeping conversations short; 
• behavioural compensation by other road users: other road users mobile phone use 

compensates by anticipation and more alert reactions; 
• learning effect: road users/drivers learn to use the device and need less attention to 

handle it effectively. 
 
3.4 Risk of handling equipment 
Table 8 is based on Stelling and Hagenzieker’s review (2012) and presents the change in 
crash risk (odds-ratio) for different distractive activities, as estimated in epidemiological crash 
research and naturalistic driving studies. An odds-ratio higher than 1 signifies that a 
distractive activity is associated with greater risk than ‘normal’ driving, whereas an odds-ratio 
lower than 1 indicates a lower risk. Odds-ratios that are significantly different from 1 are 
printed in bold.  
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Table 8.  Estimates of relative risk (odds-ratios) of handling devices among drivers of 
personal cars and trucks/buses). Odds-ratios that are statistically significant different from 1 
are in bold. 
 

Distractive activity 
Naturalistic Driving study  

Crash studies Car drivers Truck-/bus drivers 
Texting  23,2 2 

163,6 3a 
 

Entering number 2,8 1 
 

5,93 2 
3,5 3 

 

Handling a music device 0,6 1 (radio) 
2,3 1 (cd player) 

  

References: 1 Klauer et al. (2006)  2 Olson et al. (2009)  3 Hickman et al. (2010) 4 Redelmeier & 
Tibshirani (1997) 5 McEvoy et al. (2005): 6 Violanti & Marshal (1996) 7 Laberge-Nadeau et al. 
(2003) 8 Backer-Grøndahl & Sagberg (2009) 

 
3.5 Risk of looking at advertising billboards 
One study on roadside advertising indicates that looking at advertising billboards increases 
crash risk by a factor of 17. This conclusion was derived from a survey study by Backer-
Grøndahl & Sagberg (2009) in which car drivers who had crashed in the past year reported 
on possible sources of distraction during a crash including advertising billboards and about 
whether or not they or other parties were culpable. Subsequently, numbers of drivers who 
were reported to be culpable in a crash were compared with numbers of drivers who were 
reported as not being culpable in order to calculate the relative risk. A calculation of relative 
risk was made for each separate source of distraction. In this study it was assumed that non-
culpable drivers are representative of the total population which is open to question and self-
reporting on culpability is unlikely to be totally reliable. Thus, the results and conclusions of 
this study are not definitive. 
 
Other studies have also attempted to determine the crash risk associated with looking at 
advertising billboards. Often these studies show a correlation but no causal connection and 
also have not calculated an odds-ratio. . Tantala & Tantala (2005) performed a correlational 
study that showed that advertising billboards at the roadside have no statistically significant 
influence on crashes. In a ‘before and after’ study by the same authors, again, no effect on 
crashes was found. In a ‘before and after’ study by Smiley et al. (2005), that compared the 
effects of moving versus non-moving advertising billboards, no effects on crashes were 
found. A Swedish ‘before and after’ study by Dukic et al. (2011) also found no indication of a 
crash effect in crash numbers or police reports although statistical testing of data was not 
possible in this study. 
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3.6 Risk car drivers versus truck and bus drivers 
Based on the review by Stelling and  Hagenzieker (2012), Table 9 presents change in crash 
risk (odds-ratio) for different distractive activities as estimated in epidemiological crash 
research and naturalistic driving studies. An odds-ratio higher than 1 signifies that a 
distractive activity is associated with greater risk than ‘normal’ driving, whereas an odds-ratio 
lower than 1 indicates a lower risk. Odds-ratios that are significantly different from 1 are 
printed in bold.  
 
Insofar as it concerns car drivers, the ND-studies in Table 9 show that only two of the 
distracting activities are associated with increased risk i.e. applying make-up and entering a 
number in a mobile phone. 
 
Interestingly, having a conversation with a passenger has been found to have a positive, risk 
decreasing effect (odds-ratio smaller than 1). It is possible that passengers support drivers 
by actively scanning the environment for possible dangers that the drivers may have missed. 
However, research among young, novice drivers shows that this positive facilitating effect of 
passengers is not found. Several studies, both observation and crash studies, have found an 
increased crash risk of young, novice drivers due to the presence of passengers of the same  
(Simons-Morton et al.,  2005; Williams et al.,  2005). This negative effect is not necessary 
caused by conversation itself; other factors such as risk taking to impress peers may play a 
role here.  
Two ND-studies have looked at the crash risks associated with different distracting activities 
among truck and bus drivers (Olsen et al., 2009; Hickman et al., 2010). Table 9 shows that 
texting is the most dangerous activity for these drivers, with high odds-ratios (23.2 in Olsen et 
al. study; 163.6 in Hickman et al. study). Truck and bus drivers who are texting while driving 
have a 23 times or even a 160 times higher chance of a crash or near crash than when they 
are not texting. The difference between odds-ratios may have to do with the fact that 
Hickman et al. calculated the crash risk by looking at combined activities texting, e-mailing 
and internet-use. 
 
Other distracting activities that increased risk for truck and bus drivers were entering a 
number in a mobile phone, reaching for objects, and personal care (applying makeup, hair 
care). Eating and drinking and having a conversation using a handheld phone did not 
increase risk and, as in the case with ND-studies on car drivers, conversing with a passenger 
appeared to reduce risk of a crash or near crash. 
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Table 9.  Estimates of relative risk (odds-ratios)of distractive activities among car drivers and 
truck-/bus drivers . Odds-ratios that are statistically significant different from 1 are in bold. 
 

Source of 
distraction Distractive activity 

        Naturalistic Driving-studies 
Person car drivers Truck-/ bus drivers 

Talking  
and 
listening 

Conversation by mobile phone   
- Hands-free  0,44 2 

0,65 3 
- Handheld 1,3 1 

 
1,04 2 
0,9 3 

Conversation with a passenger 0,5 1 0,35 2 
Handling 
equipment 

Texting  23,2 2 
163,6 3a 

Entering number 2,8 1 
 

5,93 2 
3,5 3 

Handling a music device 0,6 1 (radio) 
2,3 1 (cd player) 

 

Other Looking  at advertising billboard   
Eating and drinking  1,1 3 
- Eating 1,6 1 1,01 2 
- Drinking 1,03 1 0,97 2 
Reaching for objects (general) 1,4 1 3,1 2  
- Reaching for specific objects  3,43/3,73/6,722 
Beauty care  0,7 1 4,48 2 
- Applying makeup 3,1 1  

References: 1 Klauer et al. (2006);  2 Olson et al. (2009);  3 Hickman et al. (2010); 4 Redelmeier & 
Tibshirani (1997); 5 McEvoy et al. (2005); 6 Violanti & Marshal (1996); 7 Laberge-Nadeau et al. 
(2003); 8 Backer-Grøndahl & Sagberg (2009) 
 

 
Having a conversation using a hands-free phone appears to reduce the crash risk of truck 
drivers in ND-studies. Some researchers suggest that having a conversation using a hands-
free phone may help the truck driver to stay awake and alert during long trips or when night 
driving (Regan & Hallet, 2011). Field experiments show that phone conversations can help 
truck drivers to stay awake and alert in monotonous traffic circumstances (Jellentrup et al., 
2011)  
 
If ND results for car drivers are compared with those of truck and bus drivers in Table 9, it 
can be seen that ND-studies generally present similar odds-ratios for a specific type of 
distracting activity. However, there are some differences in estimates for entering a number, 
varying from 2,8 to 3,5 to 5,9 depending on the study. These differences may reflect the 
types of drivers that participated in the study. The 100 Car Study (Klauer et al., 2006) studied 
driving behaviour of car drivers, whereas the study by Olsen et al. (2009) and Hickman et al. 
(2010) observed the behaviour of truck and bus drivers amongst whom higher risk estimates  
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have been found for entering a number. Differences could also be explained by the differing 
definitions of particular distracting activities used (Hickman et al., 2010). 
 
Table 9 shows that distracting activities of a visual/physical nature, such as typing in a 
number or applying makeup, are associated with higher crash risk among both car drivers 
and truck/bus drivers. These tasks require that the driver glances away from the road for a 
longer time, thus hindering the ability to deal with unexpected events. On the other hand, 
having a conversation with a passenger appears to have a similar risk reducing effect among 
both categories of drivers. The effect of a conversation with a hands-free phone cannot be 
compared between car drivers and truck and bus drivers since the 100 Car Study did not 
calculate odds-ratios for this activity.  
 
Finally, it can be concluded that some distracting activities, such as reaching for objects, 
appear to increase risk for car drivers but not for truck and bus drivers. 
 
3.7 Risk of electronic device use among pedestrians and cyclists 
Recent studies have extended research on the possible safety effects of electronic devices 
on other road users, such as pedestrians and cyclists.  
 
Pedestrians 
A number of studies indicate that pedestrian behaviour becomes more hazardous when 
pedestrians use devices, especially mobile phones, while crossing the street (Hatfield & 
Murphy, 2007; Nasar et al., 2008; Neider et al., 010; Stavrinos et al., 2009, 2011). Hatfield 
and Murphy (2007) detected a difference between men and women: women using a mobile 
phone while crossing the street paid less attention to traffic than men. A study by Nasar et al. 
(2008) showed that pedestrians who used mobile phones while walking behaved more 
dangerously on street crossings than non-users, but also more dangerously than users of 
audio-devices. Using a virtual traffic environment, Neider et al. (2010) again showed that 
phone use had a higher impact on successfully and safely crossing a street than listening to 
music. In other simulator research, it was shown that college students behaved more 
dangerously when crossing a street while using a mobile phone compared to non-users. This 
applied to all students irrespective of experience in phone use, attentiveness, or content of 
conversation (Stavrinos et al., 2011). 
 
Cyclists 
A few studies have investigated the possible road safety implications of the use of devices  
by cyclists. The results of a Japanese questionnaire study on the use of mobile phones 
among young cyclists indicated the possibility of an increased risk effect from their use 
(Ichikawa & Nakahara, 2008). However, this study did not correct its results for other 
potentially relevant factors such as the extent to which cyclists were exposed to hazardous 
traffic situations thus limiting its usefulness. 
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Further evidence concerning device use as a risk factor for cycling comes from a study in the 
Netherlands. This survey research among cyclists, Goldenbeld et al. (2012) estimated 
changes in crash risk as consequence of using a device while cycling. Teenage cyclists (12–
17 yrs) and young adult cyclists (18–34 yrs) were more frequent users, and also more 
indiscriminate users of portable devices while cycling than middle-aged and older cyclists 
(35–49 yrs; 50+ yrs). After statistical correction for influences on crash risk of urbanisation 
level, weekly time spent cycling, and cycling in more demanding traffic situations, the odds of 
being involved in a  crash were estimated to be higher for teenage cyclists and young adult 
cyclists who used electronic devices on every trip compared to same age group cyclists who 
never used these devices. The authors estimated that for teenage cyclists who reported 
listening to music, making calls, and answering calls during every  trip, the crash odds were a 
factor of 1.6 greater than for  cyclists of the same age who reported never using phones or 
devices while cycling. Similarly, for young adult cyclists, it was estimated that the crash odds 
were a factor of 1.8 greater for every trip for users than for those who never used such 
devices. 
 
3.8 Overview results distraction and risk 
Based on a review by Stelling and Hagenzieker (2012), Table 10 presents a summary 
overview of change in crash risk (odds-ratio) for different distractive activities, as estimated in 
epidemiological crash research and naturalistic driving studies. An odds-ratio higher than 1 
signifies that a distractive activity is associated with greater risk than ‘normal’ driving, 
whereas an odds-ratio lower than 1 indicates a lower risk. Odds-ratios that are significantly 
different from 1 are printed in bold.  The results of Table 10 were discussed in Sections 5.3 to 
5.7. 
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Table 10.  Estimates of relative risk (odds-ratios)of distractive activities among drivers of 
personal cars and trucks/buses). Odds-ratios that are statistically significant different from 1 
are in bold. 
 

Source of 
distraction 

 
Distractive activity 

Naturalistic Driving-studies 
 
Crash studies  

Person car 
drivers 

Truck-/ bus 
drivers 

Talking  
and 
listening 

Conversation by mobile 
phone 

  4,34b 
4,15c 
5,6 6b 
1,1 (males) 7b 
1,2 (females) 7b 

- Hands-free  0,44 2 
0,65 3 

5,94b 
3,85c 

- Handheld 1,3 1 
 

1,04 2 
0,9 3 

3,94b 
4,95c 

Conversation with a 
passenger 

0,5 1 0,35 2  
 

Handling 
equipment 

Texting  23,2 2 
163,6 3a 

 

Entering number 2,8 1 
 

5,93 2 
3,5 3 

 

Handling a music device 0,6 1 (radio) 
2,3 1 (cd 
player) 

  

Other Looking  at  advertising 
billboard 

  16,95 8 

Eating and drinking  1,1 3  
- Eating 1,6 1 1,01 2  
- Drinking 1,03 1 0,97 2  
Reaching for objects 
(general) 

1,4 1 3,1 2   

- Reaching for specific 
objects* 

 3,43/3,73/6,72
2 

 

Beauty care  0,7 1 4,48 2  
- Make oneself up 3,1 1   

References: 1 Klauer et al. (2006)  2 Olson et al. (2009)  3 Hickman et al. (2010) 4 Redelmeier & 
Tibshirani (1997) 5 McEvoy et al. (2005): 6 Violanti & Marshal (1996) 7 Laberge-Nadeau et al. (2003) 8 
Backer-Grøndahl & Sagberg (2009) 
* odds-ratio 3,4 concerns reaching for  ahead set; 3,7 concerns reaching for a mobile phone;  6,72 
concerns reaching for or use of an electric device 
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3.9 Summary of main points on driver distraction and crashes 
 
• In epidemiological research about 5 to 25% of car crashes have been attributed to driver 

distraction. In one study of truck drivers, a much higher estimate of 70% has been found. 
Differences in estimates between studies may be connected with differences in 
operational definitions, in research methods and driver populations. Both crash studies 
and naturalistic driving studies have shown that distraction contributes to a substantial 
number of crashes and consequently poses a serious safety problem. Activities that 
cause visual distraction - e.g., looking away from the road during texting- appear to be 
the most dangerous according to odds-ratio estimates.  

 
• Various sources of distraction appear to enhance crash risk but studies differ in estimates 

of effects. The evidence concerning the influence of mobile phone use on crash risk is 
mixed. Case-crossover-crash studies have demonstrated an increased crash risk for 
mobile phone use while driving at about a factor 4 higher. Case-control crash studies also 
show higher crash risk for mobile phone users. However, naturalistic driving studies show 
no increased risk. The method of naturalistic driving research is still relatively new and 
the divergence between results for mobile phone use has not yet been resolved.  

 
• There are various reasons why the negative effect of mobile phone use on driver 

performance as has been demonstrated in laboratory, simulator and field studies does 
not fully transfer to real traffic conditions. When using the phone either the driver or other 
road users may adjust their behaviour and road users and drivers learn to use a device 
and need less attention to handle it effectively. 

 
• Distracting activities of a visual/physical nature, such as typing in a number or applying 

make-up are associated with higher crash risk among both car drivers and truck and bus 
drivers. These tasks require drivers to glance away from the road for a longer time thus 
hindering the ability to deal with unexpected events. 

 
• For truck and bus drivers distracting activities that increased risk were entering a number 

in a mobile phone, reaching for objects, and beauty care (applying makeup, hair care, 
etc). Eating and drinking and conversing by handheld phone did not increase risk for this 
group and, as in the case with ND-studies on car drivers, conversing with a passenger 
appeared to reduce risk of a crash or near crash. 

 
• Conversing with a passenger has been found to have a positive, risk decreasing effect. It 

seems possible that passengers support drivers by actively scanning the environment for 
possible dangers that the drivers may have missed. Research among young novice 
drivers shows that this positive facilitating effect of passengers does not apply in their 
case. 
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• Having a conversation using a hands-free phone appears to reduce risk for truck drivers 

in ND-studies. Some researchers suggest that having a conversation by hands-free 
phone may help the truck driver to stay awake and alert during long trips or trips at night. 
A field experiment indeed showed that a phone conversation can help truck drivers to 
stay awake and alert in monotonous traffic circumstances. 

 
• The evidence concerning change in crash risk as a consequence of looking at advertising 

billboards is not yet convincing. No strong conclusions can yet be drawn. 
 
• There is some evidence that pedestrians and cyclists have higher crash risk due to the 

use of portable devices especially mobile phones. Use of portable devices appears to be 
a particular risk factor for teenaged and young adult cyclists. Knowledge about the risk of 
distracting activities among cyclists and pedestrians needs further research. 

 
• Finally, it should be pointed out that risk estimates by odds-ratios only present part of the 

picture, namely the tasks which are associated with increased risk of crash or near-crash. 
The duration and frequency of sub-tasks is also pertinent. Certain sub-tasks that are 
performed rarely or that are of short duration are unlikely to lead to a large number of 
crashes even if they are associated with increased risk. On the other hand, sub-tasks 
with lower odds-ratios could be more important for numbers of crashes when they are 
frequently performed or take a long time to carry out. Prevalence data – described in 
preceding Section 4 - are very important in estimating the risks associated with a 
particular distracting activity. 

4 Countermeasures 
This chapter describes possible countermeasures to reduce distraction in traffic. Section 6.1 
explains the importance of constantly updating knowledge about countermeasures. 
Subsequent sections describe five categories of countermeasures against distraction, 
namely legislation and enforcement (Section 6.2), driver training (Section 6.3), publicity 
campaigns (Section 6.4), technology design and guidelines (Section 6.5.), road infrastructure 
(Section 6.6). A summary of main points is also presented (Section 5.7). 
 
4.1 Importance of knowledge-based countermeasures 
Knowledge about driver distraction is changing rapidly and it is important to stay informed 
about the latest insights. Countermeasures to distraction should be based on the best 
available reliable scientific knowledge regarding the underlying mechanisms of distraction, 
the prevalence of different distractive activities and the risks that go together with these 
activities.  
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Knowledge about driver distraction has changed in recent years. For example, it was 
originally thought that handheld mobile phone use was dangerous because it draws visual 
attention away from the road. However behavioural studies have shown that, even when 
looking at the road, having a conversation by phone can negatively influence driving 
performance by taking concentration away from driving. Another development is that having 
a conversation by mobile phone may be less dangerous than originally thought. Naturalistic 
driving observations show lesser or no negative effects in contrast to classic crash studies 
although some caution is needed in interpreting these results, since study methodologies are 
quite new. The precise risks of using a mobile phone while driving have yet to be determined. 
 
4.2 Legislation and enforcement 
Some sources of distraction are best countered with legislative measures and guidelines. In 
the case of distraction by advertising billboards, a legal ban on positioning them close to the 
road is likely to be much more effective than a general publicity campaign. Guidelines for the 
safe use and positioning of these billboards can also be formulated using knowledge about 
distraction. For instance, billboards should not move, nor attract attention for too long and 
should not be placed in the centre of the field of vision (SWOV, 2009).  
 
Device-related distraction has also been tackled by a legislative approach with new 
legislation to regulate use while driving being introduced in the EU, USA and Australia. 
 
EU Legislation 
In the EU, legislation against the use of devices in vehicles can be specific or general 
(Avenoso, 2012). Articles refer specifically and explicitly to a Nomadic Device (ND) and 
restrict its use (e.g. "hand-held mobile phone use is not allowed"). Articles of general law also 
implicitly address the use of NDs whilst driving (e.g. through the broader issue of "driver 
distraction", or "careless or dangerous driving", or similar phrases). In the EU, all countries 
(except Sweden) have adopted specific regulations concerning use of mobile phones 
(Avenoso, 2012). 13 countries have general legislation in place concerning the use of 
personal navigation devices (PNDs) with 4 countries adopting specific regulations; 7 
countries have general legislation in place for music players with 6 countries adopting 
specific regulations; 10 countries have general legislation in place for TV and video players 
with 6 countries adopting specific regulations. 
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Legislation in Europe  
 
Legislation for mobile phones 
All EU countries (except Sweden) require use of hands-free equipment. Most commonly a 
headset or wireless equipment (e.g. Bluetooth) is sufficient. Some countries additionally 
require that a phone must be fixed in a mounting (Greece, Italy, Luxembourg, Malta, and 
Slovenia). Luxembourg and Slovenia have more demanding regulations in place that restrict 
the use or fixing of mobile phones in various ways (e.g. functions that involve continuous 
handling are prohibited). 
 
Legislation for personal navigation devices (PND) 
Manual interaction with a PND when driving is prohibited in some EU countries. France, Italy 
and the UK responded that they will prohibit the use of the media player function of this 
device. In Germany, requirements for PND use derive from a specific ban on radar warning 
equipment in which it is prohibited to use Points Of Interest (POIs) to indicate stationary 
speed cameras. The POI data/software must be deleted from the device's memory. The 
majority of countries have regulations in place that affect the location of mounting (e.g. field 
of view) 
 
Legislation for music players 
12 EU countries have restrictions in place either on manual interaction with music players 
and/or on headphone use. In 5 countries (Finland, Italy, Slovenia, Slovakia, and 
Switzerland) manual interaction with music players is not allowed for the driver when the 
vehicle is moving. 9 EU countries are addressing the use of headphones while driving, 7 
countries prohibit headphone use and 2 countries have limits on the sound level. Italy and 
Slovenia intervene most severely with their regulations affecting both the manual handling of 
music players and the use of headphones. 
 
Legislation for TVs and video players 
For the driver, both manual interaction and watching TV/video are prohibited when the 
vehicle is moving. Estonia, Greece, Spain, Finland, Italy, Portugal, and Slovenia have 
restrictions on the use of TVs/Video players in which both the manual handling and watching 
TV/video are specifically addressed. TV/video players used by passengers in Spain, Italy, 
and Portugal stipulate must not be visible to the driver. 
 
 
Source Janitzek et al., 2010; summary Avenoso, 2012 

http://www.dacota-project.eu/index.html
http://www.dacota-project.eu/index.html
http://www.dacota-project.eu/index.html
http://www.dacota-project.eu/


                                            www.dacota-project.eu 
 
 
 

 
 
Project co-financed by the European Commission Directorate General for Mobility & Transport  
 
                                                                                                                   24/01/2013   Page 45 

 
Enforcement 
Legislation against the use of devices while driving requires enforcement. Enforcement 
against the illegal use of electronic devices is technically more difficult when compared to 
traditional offences. The extent of distraction is practically impossible to assess from outside 
the vehicle and the miniaturisation of devices makes their detection difficult. Enforcement is 
non-automated and carried out by police officers. In about half of the European countries 
targeted checks are applied. In some jurisdictions offences outnumber traditional offences 
such as driving in an impaired condition or unbelted notwithstanding the presence of specific 
enforcement albeit at low levels.(Avenoso, 2012). 
 
4.3 Training 
In regular driver training and in special driver training programs attention should be paid to 
strategies to recognise and avoid driver distraction.  
 
Several studies have documented that the failure of drivers to pay attention to the road 
ahead for a period of more than 2-3 seconds is a major cause of road crashes. Moreover, 
several studies have demonstrated that novice drivers are more likely to glance away from 
the road for extended periods when attempting to do a task inside the vehicle when 
compared to experienced drivers.  
 
A study by Pradhan et al. (2011) examined the efficacy of a training programme designed to 
teach novice drivers not to glance away for these extended periods of time. A PC-based 
training programme, ‘FOrward Concentration and Attention Learning’ (FOCAL), was 
developed to limit the duration of the glances that novice drivers make away from the road 
ahead to under 2 seconds. This training programme used error learning as a key component 
and took about one hour to complete. Specifically, the participants could make errors (glance 
for too long at a simulated in-vehicle task) and then correct these errors after receiving 
feedback. In the study, the FOCAL-trained group was compared with a placebo-trained 
group in an on-road test. The FOCAL-trained group, as predicted, made significantly fewer 
glances away from the road that lasted more than 2 second than the placebo-trained group.  
 
4.4 Publicity campaigns 
Given the difficulty in removing the causes of distraction, such as the use of mobile phones, 
and in enforcing laws related to particular sources of distraction, the use of strong campaigns 
to promote awareness of risk and change behaviour is a necessary part of a program of 
countermeasures. 
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In preparing campaigns to reduce driver distraction it is useful to understand prevailing social 
norms for behaviours such as texting and phoning while driving. Research by Atchley et al. 
(awaiting publication) examined this issue by asking younger drivers to read car crash 
scenarios and rate the responsibility of the driver for the crash and to levy fines and assign 
jail time, as a function of whether the driver was sufficiently attentive, had been drinking, or 
was distracted by phoning or texting. In the first experiment ratings were performed in the 
absence of information about laws against drunk and driver distraction (injunctive norms). 
Descriptive norms refer to whether behaviour is typical or atypical, while injunctive norms 
refer to whether behaviour is typically met with approval or disapproval. In the second 
experiment, injunctive norm information was included. Impaired drivers were viewed as more 
responsible in both experiments, with texting drivers viewed as the most responsible. 
However, drunk drivers received the most fines and jail time. When compared to data from 
the 1970s, the results show that anti-drunk driving campaigns have changed how younger 
drivers view drunk driving but that norms have not yet changed for driver distraction in spite 
of consistent results showing that risks are known. The research data support the idea that 
driver distraction is not connected to the lack of perceived risk but rather a disconnection 
between the norms underlying the behaviour and knowledge of risk. These data, along with 
data showing that norms have changed in younger drivers with respect to drinking and 
driving, suggest that driver distraction campaigns cannot simply focus on risk-awareness 
strategies, but should instead use an approach that deals with both descriptive and injunctive 
norms. Strict law enforcement further enhances these norms  
 
4.5 Technological countermeasures 
Driver distraction caused by technology is a serious problem but if technology is part of the 
problem it can also be part of the solution. The approach to date has mainly been through 
the introduction of by national laws and their enforcement supported by awareness 
campaigns, although some organisations have started to develop guidelines and standards 
to make in-vehicle information and communication systems less distracting. 
 
Many efforts have been made to develop guidelines for in-vehicle devices (NHTSA, 2010, 
Adolph, 2011). NHTSA sponsored a cooperative agreement with the CAMP (Crash 
Avoidance Metrics Partnership) industry consortium to develop workload metrics (measures 
of driver performance). In addition, several European countries have conducted metrics 
development efforts under the HASTE (Human Machine Interface And the Safety of Traffic in 
Europe) program. Several manufacturers have also developed metrics under the ADAM 
(Advanced Driver Attention Metrics) program. Transport Canada proposed a Memorandum 
of Understanding with automotive manufacturers with regard to adherence to industry-
developed performance guidelines relating to telematics device design and development. 
These guideline efforts have subsequently supported many current and continuing research 
programmes. 
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Considering the increasing number of options a driver has to stay informed, entertained 
and/or connected, it is recognised that technology standards should not make a distinction 
between OEMs (Original Equipment Manufacturers) and other products, or between 
permanently installed and carry- in devices (Adolph, 2011). In-vehicle systems must be easy 
to learn, intuitive to use and include design features that individually address the four types of 
distraction described above. Tasks, such as entering a destination into the route guidance 
system need to be resumable (or ‘chunkable’). Users should be able to control the pace of 
interaction with the system and completing a task should neither be time limited nor 
adversely affect driving (Hammer et al., 2007). 
 
These and other principles of basic ergonomics as well as the interplay of in-vehicle 
information and communication systems with other in-car and driver assistance systems 
(e.g., adaptive cruise control, lane keeping assistance, collision warning) have been outlined 
in standards and guidelines issued by standards bodies and automobile organizations, 
including International Standards Organisation (ISO), Society of Automotive Engineers 
(SAE), Alliance of Automobile Manufacturers (AAM), Japan Automobile Manufacturers 
Association (JAMA), and the UK’s Transport Research Laboratory (TRL). The European 
Commission issued a recommendation on safe and efficient in-vehicle information and 
communication systems (EC, 1999). See also ERSO text on eSafety. 
 
Future approaches and standards to reduce driver distraction could include continuously 
updated status information provided by both, fixed and nomadic devices and vehicles 
(Adolph, 2011). Most smartphones and other devices are equipped with different kinds of 
sensors and GPS receivers; this information could be combined with data obtained from a 
vehicle’s on-board units and driver assistance systems, or with traffic updates received from 
external service providers or traffic police. Based on parameters such as the car’s velocity, 
location, density of traffic or driving style and driver experience, the in-vehicle information 
and communication system can decide (and enable or disable) which feature is safe enough 
to be used in a particular situation. Adolph (2011) provides the following examples: a mobile 
phone may allow a hands-free call when driving on a highway outside the city but prohibit a 
call in hectic traffic situations and temporarily suspend the call when turning right (with a 
message to the other end – ‘call temporarily suspended owing to driving conditions’) and not 
allow a ring tone when overtaking (message on the other end – ‘please wait for driving 
conditions to improve’). 
 
In addition to distraction-specific technologies, several driver assistance technologies (e.g., 
lane departure warning, crash-imminent braking, forward collision warning) have the potential 
to reduce the negative impact of driver distraction. 
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Driver distraction mitigation strategies 
 

One major project dealing with distraction mitigation and adaptation of other warnings to 
driver state was the US project SAVE-IT. The main participants were Delphi Electronics & 
Safety, UMTRI, the University of Iowa, General Motors, Ford and Seeing Machines. Within 
SAVE-IT a taxonomy for distraction mitigation strategies was developed that classifies them 
as having a high, moderate or low level of automation and as being driving-related or non- 
driving related. Within these, system- initiated or driver–initiated system were distinguished. 
 
One example of a system initiated, driving-related distraction mitigation strategy is a system 
that provides real-time visual feedback regarding drivers’ off-road glances. Donmez et al. 
(2007) investigated whether real-time visual feedback regarding drivers’ off-road glances 
can alter drivers’ interactions with in-vehicle information systems and enhance driving 
performance. Drivers receiving direct feedback on their visual behaviour during their 
interaction with in-car technology spent less time looking at the device and more time 
looking at the road (Donmez et al., 2007). Feedback did not result in longer mean durations 
of glances at the in vehicle display, so there was  no evidence to suggest that feedback 
imposed an additional distraction on the driver. This is important because there is a 
possibility that concurrent feedback can interfere with ongoing task performance. 
 

 
4.6 Road infrastructure measures 
It has been estimated that around 30% of driver-distracted crashes derive from the driver 
being distracted by sources outside the vehicle (Regan et al., 2009). Sources outside the 
vehicle that can lead to driver distraction and contribute to crashes include landmarks, road 
signs, advertising billboards, animals, architecture, construction zones, traffic incidents 
(Regan et al., 2009). The potential impact of these sources of distraction can be moderated 
to varying degrees through road design. 
 
Relative to the amount of research on sources of distraction deriving from inside the vehicle, 
far less has been done in relationship to external sources of distraction (Regan et al., 2009). 
Methods are needed for identifying external sources of distraction on or near roads that have 
the potential to adversely affect driving performance and safety. Preferably, road safety 
audits and assessment protocol should include criteria for the identification and assessment 
of road-way related activities, objects and events that can distract drivers and degrade 
driving performance and safety. 
 
For some specific distractions such as advertising billboards or rumble strips some evidence 
is available. Studies have shown that it is better not to place advertising and information 
billboards at busy traffic spots (SWOV, 2009). It is also essential that they should not 
resemble traffic signs or other traffic indicators to avoid confusion. Furthermore, blinking and 
moving objects have proven to be difficult to ignore and should therefore be avoided. 
Different levels of government all have their own guidelines for the placing advertising and 
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other objects on or alongside the road. Unambiguous guidelines are advisable (SWOV, 
2009). 
 
A road infrastructure safety measure that reduces inattentive driving is the installation of 
rumble strips. Rumble strips are raised or grooved patterns on the roadway shoulder that 
provide both an audible warning (rumbling sound) and a physical vibration to alert drivers 
that they are leaving the driving lane. In addition to warning inattentive or distracted drivers, 
rumble strips help drivers to stay on the road during difficult weather conditions when visibility 
is poor. Research has shown rumble strips to be a very cost-effective measure (revised 
Dacota webtext Fatigue, awaiting publication) 
 
4.7 Summary of main points on countermeasures 
• Knowledge of the problem of distraction is undergoing constant revision. For example it 

was initially thought that use of handheld mobile phone is risky because drivers look 
away from the road while using a phone. Accordingly, many countries introduced a ban 
on the use of handheld phones. Recent behavioural studies have provided a new insight 
and show that even a phone conversation where the driver keeps looking at the road can 
negatively affect driving performance by taking concentration away from the driving task. 
Another example of new insight is that having a conversation by mobile phone might be 
less risky than originally thought. Naturalistic driving studies show that mobile phone use 
has little or even no negative effects on driving task performance. At the moment there is 
some lack of clarity about the specific risk associated with mobile phone use and its 
specific sub-tasks. 

 
• There are several possible countermeasures against distraction in traffic: legal ban on 

certain distracting activities, legal ban on positioning of advertisements too close to the 
road, publicity campaigns targeting specific distractive activities, focus on responsible use 
of devices during driver training, changes to road infrastructure, changes to the design of 
technology used in cars (either fixed or nomadic devices), and the application of warning 
systems. 

 
• It is possible to inform road users about the dangers of specific activities. A promising 

intervention is training based on error learning that motivates young drivers to use 
devices more safely while driving. In this training drivers are allowed to make mistakes 
then they are made aware of mistakes and can subsequently improve their performance. 
The road environment can also be adjusted, for example, by enabling car drivers to stop 
at a safe place to phone or to text. The installation of rumble strips is another way of 
stimulating the continued attentiveness of drivers.  Technology itself can be adjusted so 
that more user friendly designs draw less attention from the driver. Warning systems can 
be applied that warn the distracted driver or even intervene when risk increases. 

 
• The effects of driver distraction on the driving task and crash risk have been well 

researched. However, few evaluations exist of countermeasures. 
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• In view of the interest in driver distraction among both policymakers and the general 
public, and in view of the higher quality of recent data-collection techniques, it can be 
expected that knowledge concerning driver distraction will grow considerably in the 
future. Knowledge has already changed substantially over recent years and will continue 
to change in the coming years. Knowledge about risk in relationship to various sources of 
distraction and knowledge about effective countermeasures are both important. 

 
• Since sources of distraction can be varied and since not everything is yet known about 

the  distracting activities which are associated with risk, a combination of 
countermeasures seems appropriate consisting of legal measures, publicity and training, 
technology-based countermeasures, and last but not least, a change in the way of 
thinking about behaviour that is acceptable. The gradual development of new social 
norms for behaviours such as texting or phoning while driving could be one of the most 
important factors in decreasing risk of driver distraction in the coming decades.  

 
• In addition to distraction-specific technologies, several driver assistance technologies 

(e.g., lane departure warning, crash-imminent braking, forward collision warning) have 
the potential to reduce the negative impact of driver distraction. 

 
• Some sources of distraction require different types of countermeasure. In the case of 

advertising billboards, it makes more sense to prohibit the placement of billboards close 
to the road than to implement a publicity campaign warning road users of the risks of 
looking at them. 
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