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Summary 

Driver distraction 

Driver distraction is a significant risk factor in traffic. It occurs when attention is diverted 

away from activities needed for safe driving towards a competing activity. Distraction can 

be visual, auditory, physical and/or cognitive in nature. Common sources are mobile 

phone/device use, interaction with passengers, eating, and adjusting in-vehicle technolo-

gies. Distracted driving is a frequent phenomenon. Large-scale research on everyday 

driver behaviour in natural contexts indicates that car drivers are involved in other activ-

ities for about half of driving time. The use of the mobile phone while driving is one of the 

most common sources of driver distraction. The self-declared prevalence of mobile 

phone use while driving a car in Europe is 47.7% for the use of hands-free devices, 28.6% 

for talking on a hand-held mobile phone, and 24.2% for text reading/checking social me-

dia. While the latter two of these mobile phone-related activities are illegal, hands-free 

phoning is generally not. A common finding in surveys and observational studies is that 

the use of mobile phones while driving is higher among younger drivers and lower among 

older ones. Distracted drivers generally tend to swerve more, have longer reaction times, 

and miss information from the traffic environment, but the effects and risks depend on 

the type of distraction. Large-scale naturalistic driving research indicates that activities 

that force the driver to avert his gaze from the road and/or require manual interventions 

are more risky than primarily mental activities. Hand-held phone use increases the crash 

risk for car drivers by a factor of 3.6, especially dialing (x12) and texting (x6).  

Countermeasures 

Road user based approaches to tackle distracted driving include legislation – on the use 

of handheld phones or electronic devices – and enforcement. The use of smart cameras 

can lead to increased enforcement. Further countermeasures include awareness-raising 

of the risks of distraction in public campaigns and through driver education during licens-

ing.  

New vehicle technologies are promising but the overall effects are still unknown. Ad-

vanced driving assistance systems (ADAS) such as forward collision warning and lane de-

parture warning aim to prevent the consequences of distracted driving. The new EU Reg-

ulation on type approval requirements for motor vehicles makes a driver drowsiness and 

attention detection system and a distraction recognition system mandatory for all vehicle 

categories.  

In terms of infrastructure, rumble strips can reduce the number of crashes caused by 

distraction or limit their severity. The placement roadside of potentially highly distracting 

advertising panels should be avoided.   
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1 Highlights 

• Distracted drivers generally tend to swerve more, have longer reaction times, and 

miss information from the traffic environment. The impact and crash risk varies ac-

cording to the distraction task, traffic context, and driver characteristics. 

• Driver distraction can have many sources. Drivers often engage in potentially distract-

ing activities, especially younger drivers. The self-declared prevalence of mobile 

phone use while driving a car in Europe is 48% for the use of hands-free devices, 29% 

for talking on a hand-held mobile phone, and 24% for text reading/checking social 

media. 

• Tasks that require looking away from the road and/or performing manual actions 

have the greatest impact on driving behaviour and crash risk. Hand-held phone use 

increases the crash risk of car drivers by a factor of 3.6, especially dialling (x12) and 

texting (x6).  

• For all drivers, automatic inattention detection, distraction recognition, and advanced 

driver assistance systems are promising technical countermeasures, but further re-

search is needed. 

2 What is the problem? 

2.1 Definition 

Safe driving requires sufficient awareness of the surroundings, constant monitoring of 

the road and traffic, and sufficient alertness to be able to react to unexpected events 

(Kinnear & Stevens, 2018). A widely accepted definition of driver distraction is the 

diversion of attention away from activities critical for safe driving toward a competing 

activity, which may result in insufficient or no attention to activities critical for safe driving 

(Regan et al., 2011). The nature of distraction can be visual (e.g. looking at a mobile phone 

screen), auditory (e.g. listening to loud music), physical/manual (e.g. typing a phone 

number), and/or cognitive (e.g. conversing). Its source may or may not be related to 

technology, to something inside or outside the vehicle, self-initiated or imposed, and may 

or may not be related to the driving task (Slootmans & Desmet, 2019; SWOV, 2020). 

Typical sources of distraction are: talking to passengers, mobile phone use, operating 

other mobile devices and built-in infotainment, looking at billboards, eating, and drinking.  

2.2 Effects of driver distraction on driving performance 

When attention to the the tasks of driving becomes inadequate, (driving) performance 

decreases and crashes can occur. The MiRA (Minimum Required Attention) model offers 

a broad theoretical framework for driver attention. It looks at the extent to which 

sufficient information can still be processed to ensure safe driving performance. Carrying 

out another activity will or will not have an impact on traffic safety, depending on the 

traffic situation. In a quiet driving environment, sufficient information may still be 
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processed, whereas this will not be the case in a busy traffic situation (Kircher & Ahlstrom, 

2017; Slootmans & Desmet, 2019). A traffic situation (for example light traffic conditions) 

can however change rapidly. The extent of the negative impact of distraction depends on 

the type or source of distraction. The timing, intensity, resumability, complexity, duration, 

frequency and residual effects of the distracting activity also play a role, together with the 

traffic context, the type of road user, and personal characteristics such as age and driving 

experience (Kinnear & Stevens, 2018; SWOV, 2020). To measure the impact of distraction 

on driving performance (e.g. variation in speed, lane position, following distance; total 

eyes-off-road time; objective and subjective task load), experimentally designed studies 

with a simulator or on the road are often used. Another method is naturalistic driving in 

which everyday driving behaviour of road users in their own vehicles is continuously 

recorded. For this purpose, different systems are installed in the vehicle to register 

vehicle, driver and external data in an unobstrusive way. This method provides insight 

into how drivers cope with distraction in real-life conditions and has the general ad-

vantage that self-regulatory strategies in dealing with distraction can be identified (i.e. 

drivers can decide for themselves whether and when to engage in distracted driving).  

3 How dangerous is driver distraction?  

3.1 Proportion of distraction-related crashes 

It is generally estimated that distraction plays a role in 5 - 25% of crashes in Europe. (Hurts 

et al., 2011 in: European Commission, 2018). This is mainly based on older studies and in-

depth crash investigations in which extreme forms of distraction are documented. This is 

likely to be an under-representation since the impact of driver distraction on road crashes 

is difficult to estimate due to the difficulties in coding distraction as a contributory factor 

after the event. Recent naturalistic driving research suggests that the percentage of 

crashes related to distraction is higher than this estimate (Dingus et al., 2016, 2019).  

3.2 Crash risk 

Large-scale naturalistic driving research allows the crash risk (odds ratio) of different 

types of distraction to be calculated on the basis of crashes. Table 1 shows the estimated 

crash risk for different distraction activities based on two analyses of the US SHRP 2 

naturalistic driving data in (Dingus et al., 2016, 2019). An odds ratio above 1 means that 

an activity is more risky than alert, attentive and sober driving, while an odds ratio below 

1 signifies a lower risk. An odds ratio of 2 for “all distractions together” in the table means 

a 2-fold higher crash risk. The 95% CI (confidence interval) indicates that we know with 

95% certainty that the odds ratio lies between the first number (1.8 x higher crash risk) 

and the second number (2.4 x higher crash risk). A percentage driving time of 51.93 

means that the drivers in the dataset on average spent 51.93% of driving time doing this.  

These results indicate that activities forcing the driver to avert their gaze from the road 

and/or perform manual actions significantly increase crash risk. Hand-held phone use 

increases the crash risk of car drivers by a factor of 2.05, especially dialling (x12) and 

texting (x6). A crucial factor is the increased time spent looking away from the road 

(Klauer et al., 2006). Consequently, the US Department of Transportation states that tasks 
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that involve looking away from the roadway for more than 2 seconds at a time, or briefly 

several times with a total duration of 12 seconds, should not be allowed while driving 

(NHTSA, 2016). Purely cognitive tasks, such as holding a hands-free conversation or talk-

ing to a passenger, have a low risk based on this analysis. The combination of all mainly 

cognitive tasks does lead to a significant but limited (odds ratio: 1.25) crash risk increase. 

Table 1 Crash risk of secondary activities among car drivers based on naturalistic driving research data (95 

% confidence interval) and % driving time spent on the activity. 

Activity Odds ratio (95% CI) % driving time 

Grouped activities 

All activities* 1 2.0 (1.8-2.4) 51.93 % 

All primarily cognitive activities 2 1.25 (1.01-1.54) 20.0 % 

All hand-held phone activities* 3  3.6 (2.9-4.5) 6.40 % 

Combination of hand-held texting, browsing 

and dialling 
2.56 (1.68-3.88) 1.8 % 

All activities related to in-vehicle devices* 2.5 (1.8-3.4) 3.53 % 

Primarily cognitive activities 

Hand-held phoning (talking/listening) 1.27 (0.79-2.04) 2.7 % 

Hands-free phoning (talking/listening) 0.4 (0.10-1.63) 0.9 % 

Talking/singing alone 1.44 (0.99-2.08) 4.2 % 

Interacting with passengers 1.26 (0.98-1.62) 12.2 % 

Activities with in-vehicle devices 

Adjusting radio 1.57 (0.85-2.91) 1.3 % 

Controlling temperature/air conditioning* 2.3 (1.1-5.0) 0.56 % 

Interacting with vehicle device (other)* 4.6 (2.9-7.4) 0.83 % 

Mobile phone activities 

Purely holding a phone in the hand 2.05 (1.13-3.73) 1.1 % 

Reaching for phone* 4.8 (2.7-8.4) 0.58 % 

Dialling (hand-held)*  12.2 (5.6-26.4) 0.14 % 

Reading/writing text messages (texting)* 6.1 (4.5-8.2) 1.91 % 

Browsing (e.g. read email, check internet)* 2.7 (1.5-5.1) 0.73 % 

Other activities 

Reading/writing (also tablet)* 9.9 (3.6-26.9) 0.09 % 

Reaching for an object (no phone)* 9.1 (6.5-12.6) 1.08 % 

Prolonged looking at external object* 7.1 (4.8-10.4) 0.93 % 

Eating* 1.8 (1.1-2.9) 1.90 % 

Drinking (no alcohol)* 1.8 (1.0-3.3) 1.22 % 

Personal hygiene (e.g. make-up)* 1.4 (0.8-2.5) 1.69 % 

Child in rear seat* 0.5 (0.1-1.9) 0.80 % 

Source: Dingus et al., 2019 and *2016; Odds ratios significantly different from 1 are in bold (p≤0.05).  

 

1 All activities with * + hand-held talking* (OR 2.2; 1.6-3.1) and in-vehicle radio* (OR 1.9; 1.2-3.0) (Dingus et al., 2016). 
2 All activities under the subtitle “primarily cognitive activities” (Dingus et al., 2019). 
3 All activities with * under the subtitle “mobile phone activities” + hand-held talking (OR 2.2; 1.6-3.1) (Dingus et al., 2016). 
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4 What is the impact of the main distraction 

sources? 

4.1 Phoning 

Hand-held phone calls involve various actions (contact search, dialling, call answering, 

holding a conversation, ...). These cause cognitive, auditory, physical and/or visual distrac-

tion. There is scientific consensus that hand-held phoning has a negative impact on driver 

behaviour (Caird et al., 2018; Dingus et al., 2016; Simmons et al., 2016; Ziakopoulos et al., 

2016a). This includes more time spent looking away from the road, higher reaction and 

detection times, delayed braking, and a narrowing of the visual field. Visual-manual ac-

tions especially increase crash risk significantly (e.g. entering a telephone number: 12x 

higher risk; see Table 1). Hands-free telephoning requires less physical and visual ac-

tions, but the cognitive distraction is the same as in hand-held phoning (e.g. Strayer et al., 

2013). Many studies find negative effects, such as significantly delayed reactions, less 

attention to traffic signs, other vehicles and the speedometer, and more on the roadway 

(Caird et al., 2018; Desmet & Diependaele, 2017). Sometimes, on the other hand, there 

are ambiguous or even positive effects (e.g. increased headway distance, reduction of 

potentially critical driving situations), though without sufficient verification (e.g. Metz et 

al., 2015 in: Ziakopoulos et al., 2018). It is therefore concluded that hands-free phoning is 

'probably risky' (Ziakopoulos et al., 2018).  

Based on naturalistic driving research, it appears that the mainly cognitive component of 

phoning (conversing) does not lead to significantly increased (near-) crash risk (see Table 

1) (Dingus et al., 2019). It is possible that the negative effects that are found in experi-

mental research are not always reflected in naturalistic driving research, where drivers 

can themselves adjust their behaviour (Singh & Kathuria, 2021; Wijayaratna et al., 2019). 

Some drivers change their driving behaviour to compensate for the effects of the tele-

phone (Choudhary & Velaga, 2017). For example, they drive more slowly and keep greater 

distance. Drivers also decide if and when they use the phone as a function of the traffic 

context (e.g. more on motorways, at standstill) (Christoph et al., 2019; Oviedo-

Trespalacios et al., 2018). Having a phone conversation does increase the crash risk for 

young drivers (Guo et al., 2016). Moreover, it appears that starting a hands-free 

conversation often still requires visual-manual actions (Fitch et al., 2013).  

4.2 Talking to passengers  

Talking to passengers can have negative effects on road safety, such as slower reactions 

and increased injury severity (Consiglio et al., 2003; Donmez & Liu, 2015; in: Theofilatos 

et al., 2018). The role of passenger age (teenagers and children) deserves special atten-

tion. Naturalistic driving research shows that young drivers are more likely to talk to pas-

sengers and this may lead to higher crash risk in this group (Guo et al., 2016). However, 

the risk is greater during a conversation on the phone. This may be because the passen-

ger can see the traffic situation and can adjust the complexity and pace of the conversa-

tion accordingly (Gaspar et al., 2014). 
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4.3 Interacting with mobile devices 

Mobile phones are also often used to send messages, surf, navigate, etc. Operation of the 

mobile phone and by extension of all mobile technological devices leads to a high degree 

of visual-manual distraction. This has clear negative effects on driving performance: 

longer and more frequent looking away from the road, slower reactions and detections, 

more variation in lane position and following distance, speed reduction, and leads to sig-

nificantly increased crash risk (see Table 1: e.g. texting: 6.1 x higher risk) (Caird et al., 2014; 

Dingus et al., 2016, 2019; Ziakopoulos et al., 2017). A study by Doumen et al. (2019) also 

shows that manual operation of a phone in the hand or in a holder has - in terms of visual 

behaviour - the same negative effects on driving. A smartwatch while driving leads to 

more visual distraction than a smartphone (Brodeur et al., 2020).   

4.4 Interacting with built-in systems 

Experimental studies show that interaction with built-in infotainment technology can 

have moderate to strong adverse effects on workload, driving and visual behaviour. A 

naturalistic driving study found indications of self-regulation to cope with this (e.g. longer 

system interactions when the vehicle is stationary) (Perez et al., 2015). Effects differ 

strongly though according to the actual task (e.g. navigation set-up, music search), the 

interaction mode (e.g. buttons, touchscreen, voice control), and system (brand). Older 

drivers in general experience more adverse effects (Cooper et al., 2019). The negative 

effects can also persist for a relatively long time after the interaction with a system (e.g. 

up to 27 seconds in Strayer et al., 2015). Naturalistic driving research also shows that 

interaction with vehicle systems leads to significantly increased (x2.5) crash risk (see Table 

1) (Dingus et al., 2016). Possible ways of reducing visual-manual distraction are the use of 

voice control and head-up displays (Vlakveld, 2018). However, there are still drawbacks 

with these, particularly in terms of cognitive distraction. Research indicates that voice-

based interactions can have negative effects on driving behaviour (Simmons et al., 2017): 

the cognitive load remains, and poorly executed voice systems can still give rise to nega-

tive effects on visual behaviour (e.g. long glances away from the road for confirma-

tion/status checking) (Cooper et al., 2014). In order to reduce or prevent distracted driv-

ing, infotainment systems in cars can make it impossible to perform certain tasks while 

driving (e.g. typing a destination into the navigation system) (Vlakveld, 2018).  

4.5 Roadside advertising 

Roadside advertising billboards can cause drivers to behave less safely. Possible effects 

include: looking away from the road more often, slower reaction to sudden braking of the 

car in front and to road signs, shorter following distance, and less fixed lane position 

(Vlakveld & Helman, 2018). In particular, signs with moving images, emotional charge or 

in the central visual field are more difficult to ignore. The moment a sign switches to an-

other advertisement is the most distracting. Naturalistic driving research shows that look-

ing at an external object for a prolonged period (e.g. advertising billboards) strongly in-

creases crash risk (x7.1) (see Table 1) (Dingus et al., 2016).  
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4.6 Other distraction sources 

Eating and drinking while driving can also affect driving performance, leading to greater 

deviations in lane position and longer reaction times (Irwin et al., 2015). Naturalistic driv-

ing research indicates that eating is associated with a limited but significant increase in 

crash risk. Drinking does not appear to significantly increase risk (Table 1) (Dingus et al., 

2016). The effect of listening to music while driving is unclear as it can have both negative 

and positive effects (Ziakopoulos et al., 2016b). Naturalistic driving research shows that 

observable emotions such as anger, sadness, crying, and emotional stress increase crash 

risk 9.8 times (95% confidence interval: 5.0-19.0) compared to alert/sober driving (Dingus 

et al., 2016).  

5 What is the prevalence of driver distraction 

in traffic?  

Large scale naturalistic driving research in the USA shows that car drivers are engaged in 

observable distraction activities for about half of driving time and in primarily cognitive 

activities for 20% of driving time (Dingus et al., 2016, 2019 see Table 1: column 3). The top 

three comprise: interaction with passengers (12.2%), all hand-held phone activities (6.4%), 

and operation of vehicle systems (3.5%).  

Another method used to estimate the presence of distraction in traffic is direct observa-

tion studies, which look at how many and which 'additional tasks' road users are perform-

ing. As these study methods have differed widely over the years as well as between coun-

tries, it is impossible to consolidate the results. It is clear though that smartphone use has 

increased over the years, not only for phoning while driving but also for using apps and 

texting (Huemer et al., 2018). Comparable recent figures between European countries will 

become available in 2022 through the BASELINE EC project (https://www.base-

line.vias.be/).  

Recent self-reported figures on distraction while driving in Europe come from the ESRA-

project (E-Survey of Road users' Attitudes) (Pires et al., 2019).  
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Figure 1. Self-reported mobile phone use while driving.  

 

 

Source: ESRA Survey, Pires et al., 2019. 

The EU mean percentages of car drivers self-reporting different mobile phone uses at 

least once while driving in the past 30 days are: 47.7% talked on a hands-free mobile 

phone, 28.6% talked on hand-held mobile phone, and 24.2% texted. Countries show sub-

stantial differences in self-reported prevalence (see Figure 1). The percentages generally 

increase with lower age and decrease with higher age, especially for texting (18-24: 43% 

vs. 65+: 7.7%), and are significantly higher for male drivers (p-value < 0.01).  

6 Why do road users drive distracted? 

Factors contributing to distracted driving, especially among young drivers, include: risk-

taking willingness, attitudes, social norms and influences (e.g. observed behaviour of par-

ents and peers), and perceived behavioural control (e.g. confidence in own ability to en-

gage) (e.g. Carter et al., 2014; Gauld et al., 2017). Figures on opinions behind distracted 

driving can be derived from the international ESRA survey, specifically for mobile phone 

use (Pires et al., 2019 - see figure 2). The vast majority of road users in Europe seem to 

acknowledge the danger of hand-held phone use while driving. Only a small proportion 

(EU mean: 2.2% for texting and 3.5% for hand-held phoning) consider this acceptable and 

around 65 - 80% consider ‘using a hand-held phone while driving’ to (very) often be the 

cause of a road crash. A higher percentage of respondents consider it personally accepta-

ble to talk on a hands-free mobile phone (which is also a legal activity) and consider it less 

risky than hand-held phoning, but the percentages differ more between countries.  
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Figure 2. Driver opinions about distracted driving. 

 

 

 

 

Source: ESRA Survey, Pires et al., 2019.  

In general, the EU ESRA data show that women, in comparison to men, think that using 

the phone while driving is riskier and less acceptable and they use it less often in traffic. 

Furthermore, with increasing age, risk perception increases, and acceptability and self-

declared behaviours decrease.  

According to an extended analysis of the ESRA-data, personal acceptability and trust in 

one’s own skill in using the mobile phone while driving are the factors that most increase 

the likelihood of talking on a hand-held mobile phone and texting while driving. 

7 Which rules and legislation exist to combat 

distracted driving? 

All European countries prohibit hand-held mobile phone use while driving a motor vehi-

cle. In some countries it is also prohibited for cyclists (e.g. Denmark, Germany and Aus-

tria) (Stelling-Kończak et al., 2020). In 2019 in the Netherlands, the original reference to 

mobile phones in the legislation was extended to a ban on holding "all mobile electronic 

devices that can be used for communication” (including mobile phone, tablet computer, 

media player) (Ministerie van Infrastructuur en Waterstaat, 2019). These devices may only 

be used if they are fixed in a holder. In some countries, the ban not only applies to vehi-

cles in movement (e.g. the Netherlands), but also to vehicles standing still in a traffic jam 

or in front of a red light (e.g. Belgium, Germany). Hands-free use of the mobile phone is 
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generally permitted for drivers in Europe(https://ec.europa.eu/transport/road_safety/go-

ing_abroad/search_en.htm). In some countries there are some additional rules though 

(e.g. in France this is only allowed through a car kit, not with headphones/ears). In the US, 

many states ban all forms of phone interaction (including hands-free) for school bus driv-

ers and young drivers (Governors Highway Safety Association, 2021).  

8 Countermeasures 

8.1 Road user 

Increasing enforcement and the subjective chance of being caught for hand-held mobile 

phone use while driving can stimulate reduction of this risky behaviour (Vlakveld, 2018). 

Almost 80% of European respondents in the ESRA survey agreed that traffic rules are not 

sufficiently monitored for phone use while driving (Pires et al., 2019). The use of smart 

cameras to carry out checks, as in Australia and the Netherlands, could lead to more and 

better enforcement of the ban on hand-held phone/device use (Stelling-Kończak et al., 

2020).  

A main aim of public campaigns is raising awareness about the dangers of distraction in 

traffic (Kaiser & Aigner-Breuss, 2017; Vlakveld, 2018). To increase impact, these are best 

conducted regularly, with target group-specific messages and, in the case of prohibited 

distraction, linked to increased enforcement (Delhomme et al., 2010). Special attention 

should be given to young people who have a 'natural' reflex to reach for their phone when 

receiving a call or text message. Raising awareness should also be included in driver ed-

ucation and continuing training for professional drivers (European Commission, 2018a). 

Drivers should also be aware that built-in information and entertainment systems can be 

a source of distraction. Harms et al. (2017) drew up specific guidelines for users of such 

systems. The impact of awareness-raising strategies can be limited, however, because 

research shows that many drivers use the mobile phone while driving even though they 

are aware of the risks (Pires et al., 2019).  

General training programmes for combatting distraction and learning to deal with it as 

safely as possible can lead to behavioural change. However, there is a risk that drivers 

will perform more distracting tasks while driving because they feel able to do so after the 

training (Vlakveld, 2018). Encouraging companies to implement a safety policy on dis-

tracted driving can also contribute to road safety (Vlakveld, 2018). One study showed that 

drivers in trucking companies with a clear safety culture report less use of the phone 

while driving (Huang et al., 2013). Organisational safety culture was determined by the 

shared perception of the drivers of the safety climate. The authors concluded that “safety 

climate can be a strong indicator of safe driving behaviour and objective safety outcomes 

in the trucking industry”.  

Drivers can activate apps on their mobile phone which aim at reducing mobile phone use 

while driving, but these appear to be fairly easy to circumvent (Vlakveld, 2018). 
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8.2 Road infrastructure 

8.2.1 Reducing the prevalence of distracted driving 

One measure against distraction by roadside advertising is to avoid roadside placement 

of boards that are potentially highly distracting (mainly luminous, digital ones) (Vlakveld, 

2018). The European CEDR project ADVERTS (https://www.cedr-adverts.eu/) provides rec-

ommendations to road administrations for minimising distraction from roadside adver-

tising (van Schagen et al., 2018; Weekley & Helman, 2019). 

8.2.2 Mitigating the consequences of distracted driving 

One measure to prevent running off the road due to distraction involves the implemen-

tation of longitudinal rumble strips to warn drivers, with sound and vibration, that their 

vehicle is about to run off the road. Rumble strips are considered a cost-effective coun-

termeasure with an estimated reduction of single vehicle crashes by 25%, with a 95% 

probability that the actual reduction is between 5 and 41% (Elvik et al., 2009).  

8.3 Vehicles 

Advanced Driver Assistance Systems (ADAS) support the driver in performing primary 

driving tasks. Depending on the level of automation (https://www.sae.org/standards/con-

tent/j3016_202104/), they can inform or warn the driver, partially take over the driving 

task from the driver, and/or intervene in critical situations.  

ADAS can contribute to reduction in the number of distraction-related crashes, by warn-

ing about danger (e.g. lane departure warning, forward collision warning) or by interven-

ing (e.g. lane keeping assist, advanced/autonomous emergency braking). Such systems 

assist in limiting the consequences of distracted driving by preventing running off the 

road or driving into a vehicle in front. Little crash data is available to allow the evaluation 

of the effectiveness of warning systems (Vlakveld, 2019). Nevertheless, a recent analysis 

of US crash data did find that forward collision warning reduces by 20% the number of 

front-to-rear crashes with injuries, based on a comparison of the same type of vehicles 

with and without this system (IHHS/IIHS, 2019). The combination of forward collision 

warning and autonomous emergency braking seems to be highly effective (Vlakveld, 

2019). With the new EU Regulation on motor vehicle type approval (European 

Commission, 2019) several safety features became mandatory for new passenger cars 

and light commercial vehicles/vans from 2022, including lane keeping assist and ad-

vanced emergency braking.  

Automatic distraction detection systems are part of the driver monitoring ADAS. Distrac-

tion detectors measure the driver’s gaze-off-road time and give a warning when a certain 

threshold is reached. These systems are continuously evolving, and their accuracy in par-

ticular requires further improvement (Vlakveld, 2019). Also, the effect on crash involve-

ment requires further investigation. An accurate system can increase road safety, espe-

cially if the driver tries to avoid the warnings. The new EU Regulation on type approval 

requirements for motor vehicles makes Drowsiness and attention detection and Distrac-

tion recognition / prevention mandatory for all vehicle categories (European Commission, 

2019). The Impact Assessment of the General Safety Regulation provides further detail 

https://www.cedr-adverts.eu/
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on this (European Commission, 2018b). Both systems aim at reducing the risk of a 

(frontal) collision.  

Possible drawbacks of ADAS that inform and/or warn drivers are that they can distract 

the driver when continuous information about the broad driving context is given or when 

the human machine interface leads to increased workload (Bates et al., 2021). One study 

also showed that too many perceived unnecessary alerts of distraction can lead to a “cry 

wolf” effect, resulting in drivers ignoring the alarms (Cabrall et al., 2020). It is therefore 

recommended that prerequisites for HMI design are better followed and that accuracy of 

ADAS is further improved (Tsapi et al., 2020). In the Netherlands specific human factor 

guidelines for the development of traffic information services in cars have been drawn 

up (Kroon et al., 2019). Another possible drawback is that ADAS and (partly) automated 

driving can increase the likelihood of drivers’ performing more distracting tasks because 

they feel 'protected' while driving (Vlakveld, 2018). One driving simulator study showed 

that drivers were occupied with non-traffic-related activities more often when driving was 

partly automated, and even more frequently when driving was highly automated (Carsten 

et al., 2012). In the situation of increasing automation in vehicles, distraction can lead to 

delays in taking back control and in emergency reactions. These effects, and the feeling 

of confidence in these systems, may increase in line with increasing automation 

(Cunningham & Regan, 2018). This underlines the importance of driver awareness of the 

limitations and possible deficiencies of in-vehicle systems (Hungund et al., 2021). Training 

in taking over manual control in automatic cars can be effective (Payre et al., 2017). Tsapi 

et al. (2020) provide a number of policy recommendations for maximizing the road safety 

benefits of ADAS.  

9 Further reading  

Caird, J. K., Simmons, S. M., Wiley, K., Johnston, K. A., & Horrey, W. J. (2018). Does Talking 

on a Cell Phone, With a Passenger, or Dialing Affect Driving Performance? An Up-

dated Systematic Review and Meta-Analysis of Experimental Studies. Human Fac-

tors: The Journal of the Human Factors and Ergonomics Society, 60 (1), 101-133. 

https://doi.org/10.1177/0018720817748145 

Dingus, T. A., Owens, J. M., Guo, F., Fang, Y., Perez, M., McClafferty, J., Buchanan-King, M., 

& Fitch, G. M. (2019). The prevalence of and crash risk associated with primarily 

cognitive secondary tasks. Safety Science, 119 (January), 98-105. 

https://doi.org/10.1016/j.ssci.2019.01.005 

Dingus, Thomas A., Guo, F., Lee, S., Antin, J. F., Perez, M., Buchanan-King, M., & Hankey, J. 

(2016). Driver crash risk factors and prevalence evaluation using naturalistic driving 

data. Proceedings of the National Academy of Sciences of the United States of 

America, 113 (10), 2636-2641. https://doi.org/10.1073/pnas.1513271113 

  



Road safety thematic report  Driver distraction 

14 
 

10 References 

Bates, L., Alexander, M., Felius, M. Van, Seccombe, J., & Bures, E. (2021). What is known 

about distracted driving? March. 

Brodeur, M., Ruer, P., Léger, P. M., & Sénécal, S. (2020). Smartwatches are more 

distracting than mobile phones while driving: Results from an experimental study. 

Accident Analysis and Prevention, 149(November 2020). 

https://doi.org/10.1016/j.aap.2020.105846 

Cabrall, C. D. D., Stapel, J. C. J., Happee, R., & Joost, C. F. (2020). Redesigning Today’s 

Driving Automation Toward Adaptive Backup Control With Context- Based and 

Invisible Interfaces. Human Factors, 62(2), 211–228. 

https://doi.org/10.1177/0018720819894757 

Caird, J. K., Johnston, K. A., Willness, C. R., Asbridge, M., & Steel, P. (2014). A meta-

analysis of the effects of texting on driving. Accident Analysis and Prevention, 71, 

311–318. https://doi.org/10.1016/j.aap.2014.06.005 

Caird, J. K., Simmons, S. M., Wiley, K., Johnston, K. A., & Horrey, W. J. (2018). Does Talking 

on a Cell Phone, With a Passenger, or Dialing Affect Driving Performance? An 

Updated Systematic Review and Meta-Analysis of Experimental Studies. Human 

Factors: The Journal of the Human Factors and Ergonomics Society, 60(1), 101–133. 

https://doi.org/10.1177/0018720817748145 

Carsten, O. M. J., Lai, F. C. H., Barnard, Y., Jamson, A. H., & Merat, N. (2012). Control Task 

Substitution in Semiautomated Driving : Does It Matter What Aspects Are 

Automated ? The Journal of the Human Factors and Ergonomics Society, 54(5), 747–

761. https://doi.org/10.1177/0018720812460246 

Carter, P. M., Bingham, C. R., Zakrajsek, J. S., Shope, J. T., & Sayer, T. B. (2014). Social 

norms and risk perception: Predictors of distracted driving behavior among novice 

adolescent drivers. Journal of Adolescent Health, 54(5 SUPPL.), 32–41. 

https://doi.org/10.1016/j.jadohealth.2014.01.008 

Choudhary, P., & Velaga, N. R. (2017). Mobile phone use during driving: Effects on speed 

and effectiveness of driver compensatory behaviour. Accident Analysis and 

Prevention, 106(June), 370–378. https://doi.org/10.1016/j.aap.2017.06.021 

Christoph, M., Wesseling, S., & van Nes, N. (2019). Self-regulation of drivers’ mobile 

phone use: The influence of driving context. Transportation Research Part F: Traffic 

Psychology and Behaviour, 66, 262–272. 

https://doi.org/https://doi.org/10.1016/j.trf.2019.09.012 

Consiglio, W., Driscoll, P., Witte, M., & Berg, W. P. (2003). Effect of cellular telephone 

conversations and other potential interference on reaction time in a braking 

response. Accident Analysis and Prevention, 35(4), 495. 

https://doi.org/10.1016/S0001-4575(02)00027-1. 

Cooper, J. M., Ingebretsen, H., & Strayer, D. . (2014). Mental Workload of Common Voice-

Based Vehicle Interactions across Six Different Vehicle Systems. Washington, D.C: AAA 

Foundation for Traffic Safety. www.aaafoundation.org 



Road safety thematic report  Driver distraction 

15 
 

Cooper, J. M., Wheatley, C. L., McCarty, M. M., Motzkus, C. J., Lopes, C. L., Erickson, G. G., 

Baucom, B. R. W., Horrey, W. J., & Strayer, D. L. (2019). Age-Related Differences in the 

Cognitive, Visual, and Temporal Demands of In-Vehicle Information Systems (Technical 

Report). https://doi.org/10.3389/fpsyg.2020.01154 

Cunningham, M. L., & Regan, M. A. (2018). Driver distraction and inattention in the realm 

of automated driving. IET Intelligent Transport Systems, 12(6), 407–413. 

https://doi.org/10.1049/iet-its.2017.0232 

Delhomme, P., De Dobbeleer, W., Forward, S., Simões, A., Adamos, G., Areal, A., Chappé, 

J., Eyssartier, C., Loukopoulos, P., Nathanail, T., Nordbakke, S., Peters, H., Phillips, R., 

Pinto, M., Ranucci, M.-F., Sardi, G. M., Trigoso, J., Vaa, T., Veisten, K., & Walter, E. 

(2010). Road Safety Communication Campaigns. Manual for design, implementation 

and evaluation. CAST project. Luxembourg: Publications Office of the European 

Union, 2010. https://doi.org/10.2832/65366 

Desmet, C., & Diependaele, K. (2017). Vermindert handenvrij bellen onze alertheid op de 

weg? Resultaten van een oogbewegingsstudie op de autosnelweg (Issues 2017-R-03-NL). 

https://www.vias.be/publications/Vermindert handenvrij bellen onze alertheid op 

de weg/Vermindert_handenvrij_bellen_onze_alertheid_op_de_weg.pdf 

Dingus, T. A., Guo, F., Lee, S., Antin, J. F., Perez, M., Buchanan-King, M., & Hankey, J. 

(2016). Driver crash risk factors and prevalence evaluation using naturalistic driving 

data. Proceedings of the National Academy of Sciences of the United States of America 

(PNAS), 113(10), 2636–2641. https://doi.org/10.1073/pnas.1513271113 

Dingus, T. A., Owens, J. M., Guo, F., Fang, Y., Perez, M., McClafferty, J., Buchanan-King, M., 

& Fitch, G. M. (2019). The prevalence of and crash risk associated with primarily 

cognitive secondary tasks. Safety Science, 119(January), 98–105. 

https://doi.org/10.1016/j.ssci.2019.01.005 

Donmez, B., & Liu, Z. (2015). Associations of distraction involvement and age with driver 

injury severities. Journal of Safety Research, 52, 23–28. 

https://doi.org/10.1016/j.jsr.2014.12.001 

Doumen, M. J. A., van der Klint, S., & Vlakveld, W. P. (2019). Appen achter het stuur met de 

telefoon in een houder. Rij- en kijkgedrag bij versturen of lezen van berichten in een 

rijsimulator (R-2019-19). Den Haag: SWOV. 

Elvik, R., Hoye, A., Vaa, T., & Sorensen, M. (2009). The handbook of road safety measures. 

Second edition. Emerald Publishing Group Limited, Bingley (UK). 

European Commission. (2018a). Driver Distraction 2018, European Road Safety 

Observatory ERSO. European Commission, Directorate General for Transport, 

February 2018. https://doi.org/10.1201/9781420007497 

European Commission. (2018b). Impact Assessment - accompanying the document 

"Proposal for a Regulation of the European Parliament and of the Council on type- 

approval requirements for motor vehicles and their trailers, and systems, components 

and separate technical units intended for. Brussels, European Commission. 

https://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:52018SC0190&qid=1532433835778&from=EN 



Road safety thematic report  Driver distraction 

16 
 

European Commission. (2019). Europe on the move. New safety features in your car. 

https://ec.europa.eu/docsroom/documents/34588 

Fitch, G. A., Soccolich, S. A., Guo, F., McClafferty, J., Fang, Y., Olson, R. L., Perez, M. A., 

Hanowski, R. J., Hankey, J. M., & Dingus, T. A. (2013). The impact of hand-held and 

hands-free cell phone use on driving performance and safety-critical event risk (Report 

No. DOT HS 811 757) (Issue April). Washington, DC: National Highway Traffic Safety 

Administration. 

Gaspar, J. G., Street, W. N., Windsor, M. B., Carbonari, R., Kaczmarski, H., Kramer, A. F., & 

Mathewson, K. E. (2014). Providing views of the driving scene to drivers’ 

conversation partners mitigates cell-phone-related distraction. Psychological 

Science, 25(12), 2136–2146. https://doi.org/10.1177/0956797614549774 

Gauld, C. S., Lewis, I., White, K. M., Fleiter, J. J., & Watson, B. (2017). Smartphone use 

while driving: What factors predict young drivers’ intentions to initiate, read, and 

respond to social interactive technology? Computers in Human Behavior, 76, 174–

183. https://doi.org/10.1016/j.chb.2017.07.023 

Governors Highway Safety Association. (2021). Distracted Driving Laws by State Updated 

April 2021. http://www.ghsa.org/state-laws/issues/Distracted-Driving 

Guo, F., Klauer, S. G., Fang, Y., Hankey, J. M., Antin, J. F., Perez, M. A., Lee, S. E., & Dingus, 

T. A. (2016). The effects of age on crash risk associated with driver distraction. 

International Journal of Epidemiology, 46(1), 258–265. 

https://doi.org/10.1093/ije/dyw234 

Harms, I. M., Dicke, M., Rypkema, J. A., & Brookhuis, K. A. (2017). Position paper. 

Verkeersveilig gebruik van smart devices én Smart Mobility Toegang tot Smart Mobility-

diensten met aandacht voor het verkeer. Utrecht, Nederland: Smart Mobility 

Community for Stand- ards and Practices, thema Human Behaviour. 

Huang, Y., Zohar, D., Robertson, M. M., Garabet, A., Lee, J., & Murphy, L. A. (2013). 

Development and validation of safety climate scales for lone workers using truck 

drivers as exemplar. Transportation Research Part F: Psychology and Behaviour, 17, 5–

19. https://doi.org/10.1016/j.trf.2012.08.011 

Huemer, A. K., Schumacher, M., Mennecke, M., & Vollrath, M. (2018). Systematic review 

of observational studies on secondary task engagement while driving. Accident 

Analysis and Prevention, 119(May), 225–236. 

https://doi.org/10.1016/j.aap.2018.07.017 

Hungund, A. P., Pai, G., & Pradhan, A. K. (2021). Systematic Review of Research on Driver 

Distraction in the Context of Advanced Driver Assistance Systems. Transportation 

Research Record: Journal of the Transportation Research Board, 2675(9), 756–765. 

https://doi.org/10.1177/03611981211004129 

Hurts, K., Angell, L. S., & Perez, M. A. (2011). The Distracted Driver: Mechanisms, Models, 

and Measurement. Reviews of Human Factors and Ergonomics, 7(1), 3–57. 

https://doi.org/10.1177/1557234X11410387 

IHHS/IIHS. (2019). Real-world benefits of crash avoidance technologies. Insurance Institute 

for Highway Safety, Highway Loss Data Institute. 



Road safety thematic report  Driver distraction 

17 
 

https://www.iihs.org/media/259e5bbd-f859-42a7-bd54-

3888f7a2d3ef/shuYZQ/Topics/ADVANCED DRIVER ASSISTANCE/IIHS-real-world-CA-

benefits.pdf 

Irwin, C., Monement, S., & Desbrow, B. (2015). The influence of drinking, texting. Traffic 

Injury Prevention, 16(2), 116–123. https://doi.org/10.1080/15389588.2014.920953 

Kaiser, S., & Aigner-Breuss, E. (2017). Effectiveness of Road Safety Campaigns, European 

Road Safety Decision Support System, developed by the H2020 project SafetyCube. 

Retrieved from www.roadsafety-dss.eu. 

Kinnear, D. N., & Stevens, A. (2018). The battle for attention Driver distraction – a review of 

recent research and knowledge. UK: TRL. 

Kircher, K., & Ahlstrom, C. (2017). Minimum Required Attention: A Human-Centered 

Approach to Driver Inattention. Human Factors, 59(3), 471–484. 

https://doi.org/10.1177/0018720816672756 

Klauer, S. G., Dingus, T. A., Neale, V. L., Sudweeks, J. D., & Ramsey, D. J. (2006). The Impact 

of Driver Inattention On Near Crash/Crash Risk: An Analysis Using the 100-Car 

Naturalistic Driving Study Data (DOT HS 810 594) (Issue April). U.S. Department of 

Transportation: National Highway Traffic Safety Administration. 

Kroon, E. C. M., Martens, M. H., Brookhuis, K. A., de Waard, D., Stuiver, A., Westerhuis, F., 

Angelis, M., Hagenzieker, M., Alferdock, J., Harms, I., & Hof, T. (2019). Human factor 

guidelines for the design of safe in-car traffic information services. Rijksuniversiteit 

Groningen. 

Metz, B., Landau, A., & Hargutt, V. (2015). Frequency and impact of hands-free 

telephoning while driving – Results from naturalistic driving data. Transportation 

Research Part F: Traffic Psychology and Behaviour, 29, 1–13. 

https://doi.org/10.1016/j.trf.2014.12.002 

Ministerie van Infrastructuur en Waterstaat. (2019). Staatsblad van het Koninkrijk der 

Nederlanden 2019, 237: Besluit van 24 juni 2019. 

NHTSA. (2016). Visual-Manual NHTSA Driver Distraction Guidelines for Portable and 

Aftermarket Devices. In Federal Register (Vol. 81, Issue 233). U.S. Department of 

Transportation: National Highway Traffic Safety Administration. 

https://www.regulations.gov/document/NHTSA-2013-0137-0059 

Oviedo-Trespalacios, O., Haque, M. M., King, M., & Demmel, S. (2018). Driving behaviour 

while self-regulating mobile phone interactions: A human-machine system 

approach. Accident Analysis & Prevention, 118, 253–262. 

https://doi.org/10.1016/J.AAP.2018.03.020 

Payre, W., Cestac, J., Dang, N. T., Vienne, F., & Delhomme, P. (2017). Impact of training 

and in-vehicle task performance on manual control recovery in an automated car. 

Transportation Research Part F: Traffic Psychology and Behaviour, 46(January), 216–

227. https://doi.org/10.1016/j.trf.2017.02.001 

Perez, M. A., Angell, L. S., & Hankey, J. M. (2015). Assessment of naturalistic use patterns 

of advanced infotainment systems. Human Factors, 57(4), 674–688. 

https://doi.org/10.1177/0018720814564184 



Road safety thematic report  Driver distraction 

18 
 

Pires, C., Areal, A., & Trigoso, J. (2019). Distraction (mobile phone use). ESRA2 Thematic 

report Nr. 3. ESRA project (E-Survey of Road users’ Attitudes) (Issue 3). Lisbon, Portugal: 

Portuguese Road Safety Association. 

Regan, M. A., Hallett, C., & Gordon, C. P. (2011). Driver distraction and driver inattention: 

Definition, relationship and taxonomy. Accident Analysis and Prevention, 43(5), 1771–

1781. https://doi.org/10.1016/j.aap.2011.04.008 

Simmons, S. M., Caird, J. K., & Steel, P. (2017). A meta-analysis of in-vehicle and nomadic 

voice-recognition system interaction and driving performance. Accident Analysis and 

Prevention, 106(May), 31–43. https://doi.org/10.1016/j.aap.2017.05.013 

Simmons, S. M., Hicks, A., & Caird, J. K. (2016). Safety-critical event risk associated with 

cell phone tasks as measured in naturalistic driving studies: A systematic review 

and meta-analysis. Accident Analysis and Prevention, 87, 161–169. 

https://doi.org/10.1016/j.aap.2015.11.015 

Singh, H., & Kathuria, A. (2021). Analyzing driver behavior under naturalistic driving 

conditions: A review. Accident Analysis & Prevention, 150, 105908. 

https://doi.org/10.1016/J.AAP.2020.105908 

Slootmans, F., & Desmet, C. (2019). Themadossier Verkeersveiligheid nr. 5. Afleiding. 

Brussel, België: Vias institute – Kenniscentrum Verkeersveiligheid. 

https://www.vias.be/publications/Themadossier verkeersveiligheid n°5 - Afleiding in 

het verkeer (2018)/Themadossier_Verkeersveiligheid_nr5_-_Afleiding.pdf 

Stelling-Kończak, A., Goldenbeld, C., & van Schagen, I. N. L. G. (2020). Handhaving van het 

verbod op handheld telefoongebruik Een kijkje in de keuken van Nederland en andere 

landen (R-2020-23). Den Haag: SWOV. 

Strayer, D. L., Cooper, J. M., Turrill, J., Coleman, J. R., & Hopman, R. J. (2015). Measuring 

Cognitive Distraction in the Automobile III: A Comparison of Ten 2015 In- Vehicle 

Information Systems (Issue October). Washington, DC: AAA Foundation for Traffic 

Safety. 

Strayer, D. L., Cooper, J. M., Turrill, J., & Ward, N. (2013). Measuring Cognitive Distraction in 

the Automobile (Issue June). Washington D.C., Verenigde Staten: AAA Foundation for 

Traffic Safety. https://doi.org/10.1177/0018720815575149 

SWOV. (2020). Afleiding in het verkeer. SWOV- Factsheet, juli 2020. Den Haag: SWOV. 

Theofilatos, A., Ziakopoulos, A., Papadimitriou, E., & Yannis, G. (2018). How many 

crashes are caused by driver interaction with passengers? A meta-analysis 

approach. Journal of Safety Research, 65, 11–20. 

https://doi.org/10.1016/j.jsr.2018.02.001 

Tsapi, A., Van Der Linde, M., Oskina, M., Hogema, J., Tillema, F., & Van Der Steen, A. 

(2020). How to maximize the road safety benefits of ADAS ? Amersfoort, The 

Netherlands: HASKONINGDHV NEDERLAND B.V. 

van Schagen, I., Boets, S., Daniels, S., Helman, S., Vlakveld, W., & Weekley, J. (2018). 

ADVERTS D1.2 Roadside advertising and road safety: what do we know, what do we do? 

Executive Summary. ADVERTS project, Assessing Distraction of Vehicle drivers in 

Europe from Roadside Technology-based Signage. CEDR Transnational Road 



Road safety thematic report  Driver distraction 

19 
 

Research Programme. 

Vlakveld, W. P. (2018). Maatregelen tegen afleiding bij automobilisten. Een literatuurstudie. 

Den Haag: SWOV. 

Vlakveld, W. P. (2019). Veiligheidseffecten van rijtaakondersteunende systemen; Bijlage bij 

het convenant van de ADAS Alliantie. Den Haag: SWOV. www.swov.nl 

Vlakveld, W. P., & Helman, S. (2018). ADVERTS D1.1a The safety effects of (digital) roadside 

advertising : an overview of the literature (Issue May). ADVERTS project, Assessing 

Distraction of Vehicle drivers in Europe from Roadside Technology-based Signage. 

CEDR Transnational Road Research Programme. 

Weekley, J., & Helman, S. (2019). Minimising distraction from roadside advertising 

Recommendations for road authorities. ADVERTS project, Assessing Distraction of 

Vehicle drivers in Europe from Roadside Technology-based Signage. CEDR 

Transnational Road Research Programme. 

Wijayaratna, K. P., Cunningham, M. L., Regan, M. A., Jian, S., Chand, S., & Dixit, V. V. 

(2019). Mobile phone conversation distraction: Understanding differences in 

impact between simulator and naturalistic driving studies. Accident Analysis & 

Prevention, 129, 108–118. https://doi.org/https://doi.org/10.1016/j.aap.2019.04.017 

Ziakopoulos, A., Theofilatos, A., Papadimitriou, E., & Yannis, G. (2016a). Cell phone use - 

Handheld. European Road Safety Decision Support System, developed by the H2020 

project SafetyCube. Retrieved from www.roadsafety- dss.eu on. Retrieved from 

www.roadsafety- dss.eu 

Ziakopoulos, A., Theofilatos, A., Papadimitriou, E., & Yannis, G. (2016b). Distraction - 

Music & Entertainment Systems, European Road Safety Decision Support System, 

developed by the H2020 project SafetyCube. Retrieved from www.roadsafety- dss.eu 

Ziakopoulos, A., Theofilatos, A., Papadimitriou, E., & Yannis, G. (2017). Cell Phone Use – 

Texting. European Road Safety Decision Support System, developed by the H2020 project 

SafetyCube. Retrieved from www.roadsafety- dss.eu on. Retrieved from 

www.roadsafety- dss.eu 

Ziakopoulos, A., Theofilatos, A., Papadimitriou, E., & Yannis, G. (2018). Distraction - Cell 

Phones - Hands Free, European Road Safety Decision Support System, developed by the 

H2020 project SafetyCube. Retrieved from www.roadsafety- dss.eu 



  

 

 


