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EXECUTIVE SUMMARY 

In February, 2016 the Transport Accident Commission (TAC) commissioned MUARC to perform a 
literature review of analytic epidemiological research relating to: 

 Crash risk associated with the use of mobile phones whilst driving; 

 Crash risk associated with performing other distracting tasks whilst driving; 

 The relationship between drivers’ glance behaviours and crashes, as they relate to 
driver distraction, and  

 The prevalence of engagement in distracting activities whilst driving.   

 
Two early seminal population-based case-crossover studies discovered an approximately four-fold 
increased risk of a crash when a mobile phone was used up to ten minutes prior to the crash (McEvoy 
et al., 2005; Redelmeier & Tibshirani, 1997). Since then, the research approach has shifted in favour 
of naturalistic driving studies (NDS) focusing on the crash/near crash (and sometimes other crash-
related event) risk associated with specific mobile phone related tasks performed in the seconds prior 
to the crash. Two NDS have focused on commercial vehicle drivers and four studies have included 
passenger vehicle drivers.  

The magnitude of the association with crash/near crash (and sometimes crash relevant conflict) risk 
varied across mobile phone tasks and across driving task contexts (traffic density and relationship to 
junction), age-group and severity of crash. 

Tasks that involved interacting visually and/or manually with the phone were consistently associated 
with the largest increases in crash-related event risk (including crashes and near crashes) for all 
drivers, particularly text messaging/internet browsing, dialling and reaching for the phone or 
headset/earpiece. Recent estimates of prevalence amongst the more than 3,000 American drivers in 
the Strategic Highway Research Program (SHRP 2) NDS show that drivers aged under 30 engaged 
in visual-manual tasks during more than five percent of the baseline (normal) driving periods. It is 
concerning that drivers under 30 also engaged in texting during more than three percent of the baseline 
driving periods, as the risk of crashing whilst texting is very high. Drivers aged 20 and under spend 
more time texting (during 3.32% of driving periods) while driving than talking/listening (during 3.25% 
of driving periods) on a mobile phone while driving.   

Talking/listening while driving is the most frequently performed mobile phone activity for drivers aged 
over 20 (undertaken during 5.6% of driving periods for drivers aged 21-29 years and 3.2% of driver 
periods for those aged 30-64 years) , but is still quite uncommon for drivers aged 65 and over 
(undertaken during 0.7% of driving periods). Prior to the most recent findings from SHRP 2 (Dingus et 
al., 2016; Guo et al., 2016; Kidd & McCartt, 2015), the evidence suggested that talking/listening while 
driving was not associated with an increased crash-related event risk for car drivers or commercial 
vehicle drivers. Recent analyses of the SHRP 2 data using only crashes (not near-crashes or other 
less severe events) as outcomes found a significant increase in the risk of a crash when 
talking/listening using a hand-held phone (Dingus et al., 2016). When stratified by age, it was found 
that the risk was significantly increased for drivers aged under 30, but not for older drivers; although 
the 95% confidence intervals overlapped indicating that the differences between age-groups were not 
statistically significant. (Guo et al., 2016). Likewise, Kidd & McCartt (2015) found an increased risk of 
a minor crash when drivers were talking or listening on a mobile phone (the type of phone was not 
identified).  



MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE   VIII 
   

For talking/listening on a hands-free phone, however, the current evidence suggests that for both 
commercial drivers and experienced passenger vehicle drivers that talking/listening using a hands-
free phone is associated with statistically significant reductions in crash-related event (including 
crashes and near crashes) risk. The outcomes that were included in studies that focused on hands-
free phone use included: crashes and near crashes (passenger car drivers: Fitch, Hanowski, & Guo, 
2015) crashes, near crashes and other crash relevant conflicts (truck and bus drivers: Hickman & 
Hanowski, 2012; Hickman, Hanowski, & Bocanegra, 2010), and some also included other less severe 
outcomes such as lane deviations (truck drivers: Fitch et al., 2015; Olson, Hanowski, Hickman, & 
Bocanegra, 2009) and kerb strikes (passenger car drivers: Fitch, Guo, et al., 2013; Fitch, Soccolich, 
et al., 2013). Unfortunately none of the studies that only included crashes as outcome events have 
focused on hands-free phone use.  

Results from the SHRP-2 study of where drivers glance while driving indicate that drivers may spend 
more time looking at the forward path when talking/listening on a mobile phone than when not using a 
mobile phone, while activities such as texting involve looking away from the forward path for longer 
amount of time. Victor et al. (2015), however, established that the increase in risk associated with 
texting and the decrease in risk associated with talking/listening cannot be fully explained by the 
proportion of time that the drivers’ eyes are on (or off) the forward pathway. Therefore, distraction 
contributes to the road crash risk associated with these activities through more than simply the effect 
on where the driver was looking.  

Interacting with a passenger is the most frequent distracting activity for drivers of all ages (undertaken 
during 14.8% to 17.8% of normal driving periods). Studies of experienced car drivers and commercial 
vehicle drivers have found a significant reduction in crash/near-crash risk when there is a passenger 
present. The recent analyses of the SHRP 2 data, however, found an overall increase in crash risk 
when an adult or teen passenger was present that was most likely driven by the increased risk of 
passengers present when the driver was aged under 30.  

When considering distracting activities that do not involve a mobile phone, similar to mobile-phone 
related tasks, visual-manual interaction with other objects appears to be associated with increased 
risk of a crash: reading, writing, and reaching for an object were all consistently associated with 
increased risk across a number of studies. Overall, interacting with in-vehicle devices was fairly 
common (occurred during 2.7% to 4.4% of normal driving periods) and was generally associated with 
increased risk for truck drivers and car drivers, particularly those aged under 30. When interaction with 
specific in-vehicle devices was considered, however, there was no consistent evidence as to which 
devices (e.g. radio, heating, ventilation, air-conditioning or others) increased risk. Some personal 
hygiene tasks (e.g. applying make-up) were also associated with increased risk. The risk associated 
with eating and drinking varied across studies with some studies finding an increased risk, and some 
studies finding no significant association.  

Finally, looking at an object external to the vehicle was associated with increased risk in most studies 
of passenger car drivers, whereas in contrast, the odds of a crash were reduced for truck drivers 
looking outside the vehicle. It is possible that the definition of “looking at an external object” differed 
between studies.  

As the number of studies investigating distraction and crashes using NDS data increase, some findings 
are consistently replicated (e.g. the increased risk associated with visual-manual tasks), however, 
there is still uncertainty surrounding the risk associated with other tasks (e.g. talking/listening on a 
mobile phone). Even studies that analyse the same data using different study designs and analysis 
methods can lead to different results. As the amount of NDS data available for analysis increases, it 
may no longer be necessary to use near-crashes as outcomes, as shown in the most recent analyses 
of SHRP 2 data (Dingus et al., 2016; Guo et al., 2016, Kidd & McCartt, 2015). This is a positive step 
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as Kidd & McCartt (2015) demonstrated that including low risk tyre strikes (e.g. when a tyre hit the 
kerb) as outcome events had a noticeable effect of diluting the association between distraction and 
crashes. This is also an example of why the use of surrogate outcome measures, such as decrements 
in driving performance, are not always a valid substitute for crashes when estimating crash risk.  

The problem of confounding is still a major concern for the studies of NDS data: without adjusting for 
potential confounders one cannot be certain whether an association between distraction and crashes 
can be explained by other factors, and the estimates of association are generally smaller when case-
crossover studies, which control for a wide range of potential confounders, are performed. Both Klauer 
et al. (2010) and Victor et al. (2015) noted the difficulties in conducting case-crossover studies, 
however, the appropriate control of confounding, either in the study design or analysis stage, is 
essential to measure to independent effect of distraction on crash risk. Possible interactions have also 
not been investigated: for example, it is possible that the apparent decreased risk when 
talking/listening on a hands-free mobile phone may occur on long trips, or rural drives (rather than 
short trips in metropolitan areas), however, the current studies have not investigated this important 
issue for policy-makers. 

The next logical step in investigating distraction and crashes is to conduct a well-controlled (e.g. case-
crossover) study including only crashes (not near-crashes) as outcomes in order to estimate the 
independent effect of distraction on road safety, whilst controlling for confounding variables. While this 
is theoretically possible with the large SHRP 2 dataset, it would require extensive expertise in the 
rigorous design of epidemiological studies, through context-specific knowledge to identify and control 
for potential confounders, and considerable resources (both time and money) to produce the 
necessary dataset with all of the potential confounders. 
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1. BACKGROUND 

Monash University Accident Research Centre (MUARC) has conducted three literature reviews of the 
evidence for an association between mobile phone use and crash risk for VicRoads (Stephan, 2012, 
2014, 2015). In February, 2016 the Transport Accident Commission (TAC) commissioned MUARC to 
update and expand the literature review to include: 

 Newly published research relating to the crash risk associated with the use of 
mobile phones whilst driving   

 Crash risk associated with performing other distracting tasks whilst driving  

 The relationship between drivers’ glance behaviours and crashes, as they relate to 
driver distraction, and  

 The prevalence of engagement in distracting activities.   

 
The literature reviews have focused on analytic epidemiological studies, that is, studies conducted 
using observational methods that include a control group so that measures of association between 
mobile phone use and crash risk can be derived. Purely descriptive epidemiological studies that only 
describe the size of the problem without measuring the effect on risk were excluded. In addition, only 
studies with objective evidence of mobile phone use at the time of the crash, for example mobile phone 
records or video recordings, were reviewed.   

It is important to note that there is also a large body of literature reporting the results of studies into 
the effect of driver distraction, including mobile phone use, on driver behaviour and performance. A 
review of the driving performance literature is beyond the focus of the current review, which is 
concerned with the relationship between mobile phone use and crash outcomes, including crash 
surrogates, such as near crashes and sometimes other crash-relevant events. For a recent review of 
mobile phone use and driving behaviour, refer to Young and Salmon (2012). A discussion of the 
discordant findings between driver performance studies and studies of crash risk is also beyond the 
scope of this review. 
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2. LITERATURE INCLUDED IN THE REVIEW 

The journal articles, conference papers and reports that have been published on the relationship 
between driver distraction (including mobile phone use) and crash and safety-relevant event (refer to 
Section 4.2.2) risk are shown in Table A1 of the Appendix, including information on the study design, 
time period, outcome events, exposure, control periods and other methodological details. Some new 
publications were discovered during the literature search that presented results that have already been 
published before. Only those articles that present the results of original data analyses are included in 
this review. In addition, a recently published meta-analysis focusing on the results of NDS investigating 
the association between hand-held phone use and crash risk is included in the review (Simmons, 
Hicks, & Caird, 2016).  

In general, two main types of studies have been used to investigate the relationship between 
distraction and crash risk in real-world driving; the first being population-based studies of mobile phone 
use and crash risk, the second being NDS. These two methods and the results of studies are discussed 
in Sections 3 and 4.   
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3. POPULATION-BASED STUDIES OF DISTRACTION AND CRASH 
RISK 

Two analytic epidemiological population-based studies have been conducted to measure the 
association between mobile phone use and crash risk (McEvoy et al., 2005; Redelmeier & Tibshirani, 
1997). Both studies used a case-crossover design, where mobile phone use in the period immediately 
prior to a crash was compared with mobile phone use during a prior time-period when they did not 
crash, for the same driver. 

Redelmeier and Tibshirani (1997) recruited drivers involved in property damage crashes from a 
collision reporting centre in Toronto, Canada. Mobile phone records were used to determine if the 
driver used their mobile phone for a call in the ten minutes prior to the crash (sensitivity analyses also 
considered periods of 1, 5 and 15 minutes prior). The results were adjusted to account for the 
possibility that drivers were not driving during the control period. The odds of using a mobile phone in 
the ten minutes prior to the crash were statistically significantly higher than in comparison periods 
when a crash did not occur (OR=4.3, 95% Confidence Interval (CI)1 3.0-6.5). This relationship did not 
differ according to age, sex, education level, occupation, driving experience, mobile phone experience 
or type of phone (hands-free vs. hand-held).  

McEvoy et al. (2005) recruited drivers who attended hospital in Perth, Western Australia, after a crash 
and obtained their mobile phone records to determine if they used their phone for calls or texts in the 
ten minutes prior to the crash, and during a comparison period when they did not crash. Only drivers 
that reported driving during the control period were included in the analysis. The odds of mobile phone 
use during the ten minutes prior to the injury crash were statistically significantly higher than in 
comparison periods, with a similar magnitude of association to the previous Canadian study of property 
damage crashes (OR=4.1, 95% CI 2.2-7.7). The relationship did not differ according to age, sex or 
type of phone (hands-free vs. hand-held). 

While the studies differed in some important respects, the results were strikingly similar (refer to Table 
1) in that the odds of mobile phone use in the ten minute period before the crash were approximately 
four times the odds of mobile phone use in a comparison period. There was no evidence for a 
difference in crash risk for hands-free vs. hand-held phones. The relationship also did not differ 
according the time window prior to the crash that was chosen for defining exposure to mobile phones. 

 
Table 1: Population-based studies of the association between mobile phone use and crash 

risk 

Authors 
(year) 

Task Mobile 
phone type 

Odds ratio 
(95% CI) 

Comments 

McEvoy et 
al. (2005) 

Texting, making 
or receiving 
calls in 10 min 
prior to crash 

Overall 
Hand-held 
Hands-free 
 

4.1 (2.2-7.7) 
4.9 (1.6-15.5) 
3.8 (1.8-8.0) 

No effect of age, sex or for hands-free vs. hand-
held phones. Similar risks were found for a 5 min 
hazard window. 

Redelmeier 
& Tibshirani 
(1997) 

Making or 
receiving calls 
in 10 min prior 
to crash 

Overall 
Hand-held 
Hands-free 
 

4.3 (3.0-6.5) 
3.9 (2.7-6.1) 
5.9 (2.9-24.0) 

No effect of age, sex, education level, occupation, 
driving experience or mobile phone experience, 
or hand-held vs. hands-free phones. Similar risks 
were found for hazard windows of 1, 5 and 15 
min. 

Statistically significant results indicated in bold type (p<0.05) 

                                                 

1 The estimate of association (e.g. the RR or the OR) is statistically significant at the 0.05 level if the 95% confidence interval does not include one. 
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These two studies provided evidence that mobile phone use is associated with crash risk. The 
problem, however, with such large-scale population based studies using existing records is that it is 
impossible to determine exactly what activities the driver was performing with their mobile phone) prior 
to the crash (that is, if the driver was dialling, talking, etc.).    
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4. NATURALISTIC DRIVING STUDIES  

NDS involve equipping vehicles with sensors and cameras to collect data on vehicle dynamics, 
positioning and driver behaviour. Data from NDS can be used to determine what activities drivers were 
engaged in immediately prior to a crash (or crash-relevant event). Epidemiological study designs were 
specifically developed for using observational data to investigate associations between risk factors 
and outcomes and are therefore appropriate for conducting research using NDS data. 

 

4.1. Details of naturalistic driving studies  

To date, the data collected during six NDS have been used to investigate the association between 
distraction and crashes: four NDS with passenger car drivers and two NDS with commercial vehicle 
drivers. The six studies are briefly described below and summarised in Table 2.  

 
Table 2: Details of naturalistic driving studies: time period, location, vehicle type, drivers and 

duration of data collection 

Study Years Location Drivers Duration of data 
collection per 
driver 

Passenger cars 

100 car study 2003-2004 Northern Virginia and 
Washington DC, USA 

109  
66 male, 43 female Aged 
18-68 years 

12-13 months 

Naturalistic teen 
driving study (NTDS) 

2006-2008 Southwest Virginia, 
USA 

42 newly licensed  
20 male, 22 female Aged 
16.3-17 years 

18 months 

Short duration study 2010 Virginia, Washington 
DC, Maryland, North 
Carolina, USA 

204  
75 male, 129 female  
All reported using mobile 
phone while driving at 
least once per day. 

Average of 31 days 

SHRP 2 study 2010-2012 Florida, Indiana, New 
York, North Carolina, 
Pennsylvania, 
Washington state, USA 

3,542 
Aged 16-98 years 

1-2 years 

Commercial vehicles 

Truck study 2004-2007 Eastern USA 203  
197 male, 6 female Aged 
21-73 years 

4 weeks to 18 
months 

Truck & bus study 
(Drive-Cam) 

2009 USA 13,000 92 days 

 
4.1.1. THE 100 CAR STUDY 

The 100 Car study was the first major NDS conducted (Klauer, Dingus, Neale, Sudweeks, & Ramsey, 
2006). Virginia Tech Transportation Institute equipped 100 vehicles to collect naturalistic driving data 
for approximately one year. Experienced drivers (n=109) were recruited from Northern Virginia and 
Washington DC; 66 males and 43 females ranging in age from 18 to 68 years. Crashes and near crash 
events were defined as outcomes of interest (refer to Section 4.2.2). Engagement in distracting 
activities in the five seconds prior to, or one second after, a crash or near crash was compared with 
mobile phone use during control periods when a driver did not crash. 

Five studies have used the data from the 100 Car study to conduct original data analyses to specifically 
investigate the association between distraction and crash events (Farmer, Klauer, McClafferty, & Guo, 
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2015; Fitch et al., 2015; Klauer et al., 2006; Klauer et al., 2014; Klauer, Guo, Sudweeks, & Dingus, 
2010). Two of these studies have also supplemented the 100 car study data with data from other 
naturalistic studies (Fitch et al., 2015; Klauer et al., 2014). Estimates of the association between 
different distracting tasks and crashes/near crashes have been derived from the 100 car study data 
using case-control/case-cohort (Fitch et al., 2015; Klauer et al., 2006; Klauer et al., 2014), case-
crossover (Klauer et al., 2010) and modified cohort (Farmer et al., 2015) study designs (refer to Section 
4.2.1). The influence of different driving contexts (akin to varying the demands of the driving task) on 
the association between distraction and crashes/near crashes has also been investigated (Fitch et al., 
2015).  

4.1.2. THE NATURALISTIC TEEN DRIVING STUDY  

The Naturalistic Teen Driving Study (NTDS) included 22 female and 20 male newly licensed drivers 
from Southwest Virginia, with a mean age of 16.4 years. Engagement in distracting activities in the 
five seconds prior to, or one second after, a crash or near crash was compared with engagement in 
distracting activities during control periods when a driver did not crash. One published study has 
reported the results of original data analyses investigating the association between different distracting 
activities and crashes/near crashes from data collected in the NTDS, and compared this with the 
results for experienced drivers in the 100 car study (Klauer et al., 2014).  

4.1.3. THE SHORT DURATION PASSENGER VEHICLE STUDY 

Fitch and colleagues (Fitch, Guo, et al., 2013; Fitch, Soccolich, et al., 2013) conducted a study to 
investigate the association between the use of three different types of mobile phones (hand-held (HH), 
portable hands-free (PHF) and integrated hands-free (IHF)) and crashes, near crashes and safety 
critical events (refer to Section 4.2.2). Participants were 204 drivers who reported talking on a mobile 
phone while driving at least once per day. Driving was recorded for an average of 31 days per driver. 
The focus was restricted to periods when the vehicle was travelling above 8 km/h. Mobile phone use 
(and type of task) in the five seconds prior to, or one second after, a crash or near crash was compared 
with mobile phone use during control periods when a driver did not crash. A large proportion of drivers 
also provided their mobile phone records for analysis (191 provided call records while 121 provided 
text message records). Outcomes of interest were crashes, near crashes, crash relevant conflicts and 
kerb strikes. The results have been published in a report and a journal article (Fitch, Guo, et al., 2013; 
Fitch, Soccolich, et al., 2013). 

4.1.4. THE STRATEGIC HIGHWAY RESEARCH PROGRAM 2 STUDY 

The SHRP 2 Safety project was conducted in the USA under the administration of the Transportation 
Research Board in conjunction with the Federal Highway Administration and the American Association 
of State Highway and Transportation Officials. More than 3,000 drivers were recruited and observed 
for approximately one to two years. Victor et al. (2015) were the first investigators to use the SHRP 2 
data to investigate the association between distraction and crashes. Their study was restricted to rear 
end crashes and near-rear end crashes and was conducted before all of the SHRP 2 data were fully 
processed. Distraction in the five to six second period prior to the onset of the precipitating event 
(usually the onset of the lead vehicle’s brake lights) was compared with distraction during a baseline 
driving period. The glance patterns in the 12 seconds prior to the crash events were also investigated. 
Since  Victor et al. (2015), three further studies have been published using SHRP 2 data to investigate 
distraction and crash risk (Dingus et al., 2016; Guo et al., 2016; Kidd & McCartt, 2015). These studies 
were able to focus exclusively on crashes, since the SHRP 2 study collected so much data that there 
were a sufficient number of crashes and the researchers did not need to include near-crash events as 
outcomes to gain statistical power.  
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4.1.5. THE TRUCK STUDY 

Olson et al. (2009) combined data from two naturalistic studies of commercial vehicles. The total 
sample included 203 drivers using 55 trucks from seven fleets. The vast majority of the commercial 
vehicle drivers were male (197 out of 203) and ages ranged from 21 to 73 years. Events of interest 
were crashes, near crashes, crash relevant conflicts and lane deviations. Distraction was defined as 
being engaged in a distracting activity (including the type of distracting task) in the 5 seconds prior to, 
or 1 second after, the onset of a conflict. Two studies have used data from this study of commercial 
vehicles: both the original report by Olson et al. (Olson et al., 2009) and, the Fitch et al. (2015) study 
that analysed data from both the 100 car study and the commercial vehicle study – this recent study 
also investigated the impact of driving context on the relationship between distraction and safety-
critical events. 

4.1.6. THE TRUCK AND BUS STUDY 

Hickman and colleagues collected data from over 13,000 drivers of trucks and buses (Hickman & 
Hanowski, 2012; Hickman et al., 2010). Data were collected by an on-board safety monitoring system 
(DriveCam). This means that unlike the other NDS, the data were not continuously collected, instead, 
data collection was triggered by particular events. These events included safety critical events, such 
as hard braking and non-safety critical events, such as the vehicle travelling over train tracks. 
Outcomes of interest were crashes, near crashes and crash relevant conflicts identified by the 
DriveCam safety system. Control periods were periods when the DriveCam system was activated by 
non-safety critical events such as train tracks and potholes. Distraction (including type of task) in the 
8 seconds prior to, and 4 seconds after the event onset was compared between crash relevant events 
and non-safety critical events. The results have been published in a report and a journal article 
(Hickman & Hanowski, 2012; Hickman et al., 2010).  

The choice of control periods represents a source of potential bias in this study. Using the DriveCam 
data means that the choice of control period is restricted to situations when the system is collecting 
data during a non-safety critical event, e.g. travelling over potholes or train tracks. If the commercial 
vehicle drivers were aware of the presence of such issues with road pavement conditions in an area, 
they might drive more cautiously, and may be less likely to use their mobile phone. This potential 
reduction in mobile phone use could differ by task: that is, the reduction could be higher for the more 
demanding tasks (e.g. visual-manual interactions such as dialling) compared to talking/listening. If this 
occurred, then the proportion of control periods where the mobile phone was used would be smaller 
than expected during normal driving. This, in turn, would make mobile phone use look more risky than 
it actually was, particularly for those more demanding tasks. 

 

4.2. Investigating distraction and crash risk using naturalistic driving 
data: Study methods 

A general overview of the research methods used in the studies that have been conducted to 
investigate the association between distraction and road safety outcomes using naturalistic driving 
data is presented in the following sections. 

4.2.1. STUDY DESIGNS  

In essence, naturalistic studies collect data from a cohort of drivers which can be used to estimate the 
association between particular exposures (or risk factors) and outcomes (e.g. crashes). There are 
several analytical epidemiological study designs that have been used with NDS data to estimate the 
association between an exposure and an outcome and these are described below. Each study design 
is initially described using a simple example of an exposure (smoking) and an outcome (lung cancer), 
followed by a description of how the study design has been applied to the study of distraction 
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(exposure) and crashes (outcome). Table 4 includes information on each of the studies of driver 
distraction and crash risk included in this review, the NDS that the data were sourced from, and the 
study design used.   

Cohort study design 

A cohort study design is used to obtain a true measure of risk due to an exposure. Participants are 
recruited and classified into two groups: those who are exposed to a risk factor (e.g. smokers) and 
those who are not exposed to a risk factor (e.g. non-smokers). The two groups are followed over time 
to determine the probability (or risk) that each group experiences the outcome (e.g. develops lung 
cancer). The association between the exposure (e.g. smoking) and the outcome (e.g. lung cancer) is 
measured by the relative risk (the risk of lung cancer amongst smokers divided by the risk of lung 
cancer amongst non-smokers).  

To conduct a cohort study of distraction and crashes using NDS data, all time spent driving would be 
classified according to whether the driver was exposed (e.g. driving whilst engaged in a distracting 
task, e.g. using a mobile phone) or unexposed (driving whilst not engaged in any distracting tasks). 
For example, the crash rate when using a mobile phone would be calculated by the following formula:  

𝑅𝑎𝑡𝑒(𝑒𝑥𝑝𝑜𝑠𝑒𝑑) =
𝑁𝑜. 𝑐𝑟𝑎𝑠ℎ𝑒𝑠 𝑤ℎ𝑖𝑙𝑒 𝑢𝑠𝑖𝑛𝑔 𝑎 𝑚𝑜𝑏𝑖𝑙𝑒 𝑝ℎ𝑜𝑛𝑒

𝑇𝑖𝑚𝑒 𝑠𝑝𝑒𝑛𝑡 𝑑𝑟𝑖𝑣𝑖𝑛𝑔 𝑎𝑛𝑑 𝑢𝑠𝑖𝑛𝑔 𝑎 𝑚𝑜𝑏𝑖𝑙𝑒 𝑝ℎ𝑜𝑛𝑒
 

Likewise, the crash rate when not using a mobile phone is calculated by: 

𝑅𝑎𝑡𝑒(𝑢𝑛𝑒𝑥𝑝𝑜𝑠𝑒𝑑) =
𝑁𝑜. 𝑐𝑟𝑎𝑠ℎ𝑒𝑠 𝑤ℎ𝑖𝑙𝑒 𝑛𝑜𝑡 𝑢𝑠𝑖𝑛𝑔 𝑎 𝑚𝑜𝑏𝑖𝑙𝑒 𝑝ℎ𝑜𝑛𝑒

𝑇𝑖𝑚𝑒 𝑠𝑝𝑒𝑛𝑡 𝑑𝑟𝑖𝑣𝑖𝑛𝑔 𝑎𝑛𝑑 𝑛𝑜𝑡 𝑢𝑠𝑖𝑛𝑔 𝑎 𝑚𝑜𝑏𝑖𝑙𝑒 𝑝ℎ𝑜𝑛𝑒
 

The rate ratio (RR: a measure of relative risk) is calculated as: 

𝑅𝑅 =
𝑅𝑎𝑡𝑒(𝑒𝑥𝑝𝑜𝑠𝑒𝑑)

𝑅𝑎𝑡𝑒(𝑢𝑛𝑒𝑥𝑝𝑜𝑠𝑒𝑑)
 

Given the labour intensive nature of coding all of the video data collected in a NDS it would be costly 
and time consuming to inspect all time spent driving and determine whether or not a mobile phone 
was being used. Hence although it is possible to calculate a relative risk using naturalistic study data 
using a cohort study design, more efficient methods of estimating the association between mobile 
phone use and crashes are usually employed.   

Two studies thus far have attempted to use a modified cohort study design to analyse the relationship 
between distraction and crashes (Farmer et al., 2015; Fitch, Soccolich, et al., 2013). Instead of coding 
all driving time according to exposure, Farmer et al. (2015) extracted a sample of trips for each driver 
in the 100 car NDS (5.4% of all trips; the sampling strategy was designed to estimate mobile phone 
use within a 1% margin of error) and measured the proportion of time spent performing various tasks 
on the mobile phone in each trip. They then calculated the total time spent performing various mobile 
phone tasks across all trips, assuming that the proportion of time spent on the mobile phone in the 
sample trips was representative of all trips. It is difficult to judge how reasonable this assumption was 
with the data that were presented.   

Fitch, Soccolich et al. (2013) took a slightly different approach; they reviewed 10% (the authors did not 
provide a reason as to why this proportion was chosen) of all calls and text messages in detail to 
determine the proportion of time spent performing various subtasks for each call. This information, in 
addition to the drivers’ mobile phone records, was used to estimate the total driving time spent 
performing various mobile phone related actions. Mobile phone records were compared to the vehicle 
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speed data to determine the total time spent talking/listening while driving. The total estimated times 
spent performing other mobile phone related tasks while driving were estimated by applying the 
average proportion of time spent performing various subtasks measured in the 10% of calls reviewed 
in detail. The authors then calculated an estimated relative risk for mobile phone use, similar to a 
cohort study. The time spent performing some subtasks, however, was highly skewed, so it was 
inappropriate to apply the average time spent performing a task during the 10% of sampled periods to 
the entire driving time. The estimate of time spent driving while not using a mobile phone was 
calculated as the total driving time minus the estimated time spent performing any mobile phone 
related activity. Therefore, if the estimates of time spent performing various mobile phone tasks while 
driving were incorrect, then so to would be the estimate of time driving without performing mobile 
phone related tasks. Therefore, in performing this extrapolation, the authors made several 
assumptions which the data did not support (see Stephan, 2014), hence the relative risk estimates 
derived using the modified cohort study design approach were unlikely to reflect the true relative risk 
of mobile phone use (and various sub-tasks) and therefore are not discussed further in this review. 
These authors also calculated odds ratios using a standard case-control/case-cohort approach (see 
next section); these results (the odds ratios) are included in this review.     

Case-control type study designs (including case-crossover and case-cohort) 

Case-control studies are efficient epidemiological study designs for studying rare outcomes. Instead 
of classifying groups according to exposure status and following them over time to determine the risk 
of developing the outcome (as per a cohort study), the investigation takes an alternative approach. 
Cases (e.g. people who have developed lung cancer) are identified, along with controls (people who 
have not developed lung cancer) and their past exposure (whether or not they were smokers) is 
determined. The proportion of cases who were exposed to the risk factor is then compared with the 
proportion of controls exposed to the risk factor to estimate risk.  

Naturalistic driving data can be efficiently dealt with using a case-control approach. First, all crashes 
(cases) are identified, along with a sample of driving periods when a crash did not occur (controls). 
The prevalence of engagement in distracting activities during the period preceding crash events is 
then compared with the prevalence of engagement in distracting activities during the sample of driving 
periods when a crash did not occur.  

The measure of association derived from a case-control study is an odds ratio (OR), which is a good 
approximation of the relative risk when the outcome is a rare event (crashes are a rare event). For 
example, if A is the number of crashes that occurred while using a mobile phone and C is the number 
of crashes that occurred when a mobile phone was not used, then the odds of using a mobile phone 
during a crash event is equal to A/C (refer to Table 3). Likewise, if B is the number of control periods 
when a mobile phone was used and D is the number of control periods when a mobile phone was not 
used, then the odds of using a mobile phone during a control period is equal to B/D. The ratio of the 
odds (the odds ratio (OR)) thus indicates the odds of using a mobile phone during crashes compared 
with the odds of using a mobile phone during control periods. If the OR is greater than one, then mobile 
phone use is more prevalent during crashes than control periods. Alternatively, if the OR is smaller 
than one, mobile phone use is more prevalent during control periods than crashes. 
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Table 3: Two by two contingency table for calculating an odds ratio 

 Crash event Control period (no crashes) 

Mobile phone use A= no. crashes when using mobile 
phone 

B = no. control periods when using 
mobile phone 

No mobile phone use C = no. crashes when not using 
mobile phone 

D = no. control periods when not 
using mobile phone 

 

The term case-cohort has also been used to describe some of the studies using NDS data (e.g. Klauer 
et al., 2014). Case-cohort studies are a relatively new design used in population health research and 
are an efficient way of using data collected from existing cohorts. Unlike in a cohort study design, the 
exposure (e.g. engagement in distracting activities) is not measured for all people (or time periods, in 
the case of NDS). Instead, the case-cohort study is essentially a case-control study conducted within 
an existing cohort: all cases (e.g. crash events) and a sample of controls (e.g. non-crash events) are 
chosen from the existing cohort. These are much more efficient for measuring associations than the 
standard cohort study method because all cases are included, but only a sample of controls need to 
be assessed for exposure. Methods for analysis of case-cohort studies are similar to those of case-
control studies. Of the case-control studies of naturalistic driving data conducted so far, cases and 
controls were taken from an existing cohort and so this terminology (case-cohort) could be applied to 
the previous studies that were described as case-control studies as well. For this reason, these studies 
are referred to in this review as case-control/case-cohort studies. The majority of studies of distraction 
and crash risk have used this study design.  

Case-crossover studies are similar to case-control studies, except that the exposure status of a case 
is compared at the time of the event with the exposure status of the same person at a previous time 
point (similar to a repeated measures design in that a driver acts as their own control). They are useful 
for determining the effect of transient exposures (e.g. distraction) rather than non-varying risk factors 
(e.g. driver sex). That is, engagement in distracting activities immediately preceding a crash event is 
compared with engagement in distracting activities during a period when the driver was driving but did 
not crash. In a case-crossover study, driver-related factors (e.g. sex, age, personality) are therefore 
controlled for. The case-crossover methodology has been used in two analyses of naturalistic driving 
data (Klauer et al., 2010; Victor et al., 2015). The odds ratio is the measure of association obtained 
from a case-crossover study, however, it is calculated in a different manner to a case-control study 
because of the matched (or repeated measures) nature of the data.   

 
Table 4: Study designs used in investigations of distraction and crash risk using NDS data 

Study design Study NDS data source(s) 

Case-control/case-cohort 
studies 

Klauer et al. (2006) 100 Car Study 

Klauer et al. (2014) 100 Car Study and NTDS 

Fitch et al. (2015) 100 Car Study and Truck study 

Fitch, Guo et al. (2013); Fitch, 
Soccolich et al. (2013) 

Short duration study 

Kidd & McCartt (2015) SHRP 2 

Dingus et al. (2016) SHRP 2 

Guo et al. (2016) SHRP 2 

Olson et al. (2009) Truck study 

Hickman et al. (2010; 2012) Truck and bus study 

Case-crossover studies Klauer et al. (2010) 100 Car Study 

Victor et al. (2015) SHRP 2 

Modified cohort study Fitch, Guo et al. (2013); Fitch, 
Soccolich et al. (2013) 

Short duration study 

Farmer et al. (2015) 100 Car Study 

 



 

MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 11 

4.2.2. OUTCOME EVENTS 

Considering crashes are rare events, other outcomes are often included in the analyses of NDS data 
in order to ensure a large enough sample size of events for analysis and enough power to detect 
associations. Only the recently published analyses of the SHRP 2 study have had enough crashes to 
be able to focus exclusively on crash events, and even then, many of the crashes were minor (Dingus 
et al., 2016; Guo et al., 2016; Kidd & McCartt, 2015). Table 5 shows the outcome events that were 
included in each of the studies included in this review.  

For almost all of the analyses of NDS data, near-crash events (circumstances that require a rapid 
evasive manoeuvre to avoid a crash) have been included as an outcome of interest in addition to 
crashes. Several of the studies also included crash-relevant conflicts (requiring an evasive manoeuvre 
to avoid a crash that was less severe than a rapid evasive manoeuvre, but more severe than normal 
driving) and some also included lane deviations and kerb strikes.  

Implications of including near-crashes and other safety-critical events as outcomes 

A limited amount of research has been performed into the implications of including near-crashes as 
well as crashes as outcomes. Guo, Klauer, Hankey, and Dingus (2010) demonstrated using the 100 
Car study data that there was a relationship between crashes and near crashes and that the two were 
similar in terms of driving complexity; however the ratio of crashes to near crashes differed according 
to the driving scenario. When both crashes and near crashes were included as outcome events, the 
estimated associations between risk factors and outcomes were found to be closer to the null than 
when only crashes were included. So, the addition of near crash events as well as crashes provided 
a larger sample size and thus more precise estimates, but the estimates were biased towards the null 
(the estimated associations were more conservative than if only crashes are included). More recent 
research, however, has shown that this is not always the case: in the SHRP 2 study, the association 
between some mobile phone tasks and near crashes was stronger than the association between the 
same mobile phone task and crashes (Victor et al., 2015). Thus, we cannot assume that including near 
crash events will lead to a conservative estimate of the association between an exposure and crashes. 
Until recently, the effect of broadening the definition of an event to include other events such as crash 
relevant conflicts, kerb strikes and lane deviations on the estimated association with mobile phone use 
had not been investigated. A recent analysis of the SHRP 2 study, however, has investigated how the 
association between distraction and crashes changes according to the severity of the crash outcome 
(Kidd & McCartt, 2015, see Section 4.3.1).  

Several of the studies only included crashes where the driver was at fault. It is likely, however, that 
distraction may increase both the risk of a driver being involved in a crash for which they are at fault 
and the risk of being involved in a crash for which someone else is at fault. That is, distraction may 
prevent a driver from avoiding a crash caused by someone else that they may otherwise have been 
able to avoid. It is unknown how only including at-fault crashes affects the estimate of the association 
between distraction and crashes. 
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Table 5: Outcome events included in the NDS studies of distraction and crash risk 

NDS Study Crashes 
 

Near crashes: 
rapid evasive 
manoeuvre to 
avoid crash 

Crash relevant 
conflicts: 
evasive 
manoeuvre to 
avoid crash; 
less severe 
than near 
crash 

Other outcomes: e.g. 
lane deviations, kerb 
strikes 

100 Car Klauer et al. 
(2006)   

69 at fault 
(8.3%) 

761 at fault 
(91.7%) 

0 0 

Klauer et al. 
(2010) *only 
790 of the 830 
events were 
analysed 

69 at fault 
(~8.3%) 

761 at fault 
(~91.7%) 
 

0 0 

Klauer et al. 
(2014)† 

42 at fault 
(8.1%) 

476 at fault 
(91.9%) 

0 0 

Farmer et al. 
(2015)  

57 
(8.2%) 

640 
(91.8%) 

0 0 

Fitch et al. 
(2015)‡ 

68 
(8.2%) 

760 
(91.8%) 

0 0 

NTDS Klauer et al. 
(2014) 

31 at fault 
(18.6%) 

136 at fault 
(81.4%) 

0 0 

Short duration Fitch and 
colleagues 
(2013) 

4 
(1.2%) 

72 
(21.1%) 

264 
(77.2%) 

2 kerb strikes 
(0.6%) 

SHRP 2 Victor et al. 
(2015) 

46 rear end 
(17.9%) 

211 rear end 
(82.1%) 

0 0 

Dingus et al. 
(2016)  

905 property 
damage or 
higher severity 
(100%) 

0 0 0 

Guo et al. 
(2016) 

905 property 
damage or 
higher severity 
(100%) 

0 0 0 

Kidd & McCartt 
(2015) 

845 
(248 (16.9%) 
police-
reportable 
597 (40.8%) 
minor) 

0 0 620 (42.3%) low risk 
tyre strike  

Truck study Olson et al. 
(2009) 

21 
(0.5%) 

197 
(4.4%) 

3019 
(67.8%) 

1,215 lane deviations 
(27.3%) 

Fitch et al. 
(2015) 

21 
(0.5%) 

197 
(4.4%) 

3019 
(67.8%) 

1,215 lane deviations 
(27.3%) 

Truck and bus 
study 

Hickman et al. 
(2010, 2012) 

1,085 
(2.7%) 

8,375 
(20.9%) 

30,661 
(76.4%) 

0 

† The authors excluded crashes in which driver was observed to be drowsy or under the influence of drugs or alcohol, 

however this does not fully account for the difference in the number of events compared to Klauer et al. (2006). 
‡ Fitch et al. (2015) stated they used the same data as Klauer et al. (2006) but also claim that they used all events (not 
just at-fault). Yet the number of events is almost the same as for Klauer et al. (2006) who claimed to use only at-fault 
events.  

 
4.2.3. MEASURING EXPOSURE TO DISTRACTION 

Whether or not mobile phones were in use during the crash periods and control periods was 
determined in the naturalistic studies by reviewing the video footage. Almost all the studies defined 
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the period of interest as five seconds prior to the onset of the precipitating event (e.g. brake light onset 
in rear-end crashes) to one second after. The one exception was the truck and bus study where the 
time period was from eight seconds prior to the DriveCam system being triggered to four seconds after 
the trigger (refer to Table 6). The DriveCam is an on-board safety monitoring system for commercial 
fleets and this is the default time period recorded by the event data recorder (Hickman et al., 2010).   

 
Table 6: Time periods for measurement of exposure to distraction relative to crash event, 

and definition of unexposed, in the case-control/case-cohort and case-crossover 
studies 

Time period for 
measurement of 
exposure 

Study NDS data source Definition of “unexposed” 

5 seconds prior to 1 
second after precipitating 
factor or onset of conflict  

Klauer et al. (2006) 100 Car Study Unclear 

Klauer et al. (2010) 100 Car Study Unclear 

Klauer et al. (2014) 100 Car Study and NTDS Unclear 

Fitch et al. (2015) 100 Car Study and Truck 
study 

Unclear 

Fitch, Guo et al. (2013); 
Fitch, Soccolich et al. 
(2013) 

Short duration study No distracting activity 
present 

Olson et al. (2009) Truck study Unclear 

Victor et al. (2015) SHRP 2 Unclear 

Kidd & McCartt (2015) SHRP 2 No distracting activity 
present 

Guo et al. (2016) SHRP 2 No distracting activity 
present & no driver 
impairment 

Dingus et al. (2016) SHRP 2 No distracting activity 
present & no driver 
impairment 

8 seconds prior to Drive-
Cam trigger to 4 seconds 
after 

Hickman et al. (2010; 
2012) 

Truck and bus study No distracting activity 
present 

 

Recall that the original population-based studies classified mobile phone use as any use of the phone 
in the 10 minutes prior to the crash, and sensitivity analyses were conducted to determine how 
changing the time period affected the estimation of the association between mobile phone use and 
crashes. The advantage of NDS is that the time window immediately preceding the crash can be 
accurately identified and observed and almost all of the studies have been consistent in their definition 
of the time window of interest. To the author’s knowledge, however, no sensitivity analyses have been 
conducted to determine how changing the period of observation affects the estimate of the association 
between distraction and crashes. In addition, the choice of such a small time window preceding the 
event does not allow the investigation of whether or not there are longer lasting, or even cumulative, 
effects of distraction.    

There is some scope for error in determining if a driver was distracted by viewing video recordings. 
For example, if a driver was listening to someone else speak using a hands-free phone, and the driver 
hadn’t spoken for more than 6 seconds (or 12 seconds in the truck and bus study), then the person 
coding the video data may not have seen any evidence of the driver being engaged in a mobile phone 
conversation within that small time window. This misclassification of exposure status is more likely to 
have been an issue in the control periods, as it is possible that if a driver was listening to someone on 
a mobile phone and had a crash/near crash, that they would make a comment about it to the person 
they were talking to within 1 second (or 4 seconds in the truck and bus study) after the crash/near 
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crash. Conversely, during baseline periods no such noteworthy event may have led them to interrupt 
the person they were listening to. Differential misclassification of exposure (that is, different between 
case and control periods) can affect the estimate of association by making it seem smaller or larger 
than the true value. In the situation outlined above, if simply listening on a hands-free mobile phone 
was more likely to be misclassified as no phone use during control periods than case periods, then the 
true OR would be smaller than what was reported. For example, if the OR for talking/listening on a 
mobile phone was less than 1 (that is, talking/listening was protective) then this type of 
misclassification would mean the true association was even more protective than estimated (much 
lower than 1). If the OR for talking/listening on a mobile phone was greater than 1 (that is, 
talking/listening increased risk) then this type of misclassification would mean the true association was 
closer to 1 (that is, talking/listening was not as risky as estimated).  

Also of interest is how “unexposed” was defined in each study. For example, for estimating the effect 
on safety of performing a particular activity on a mobile phone (e.g. texting), “unexposed” can be 
defined as either:  

1. periods when the driver was not texting (that is, they may have been engaged in other 
distracting activities apart from texting), or  

2. periods when the person was not engaged in any distracting activity (or “model” driving).  

 
For many of the studies, it is not clear whether the unexposed period was defined specifically as 
periods when that particular activity was not being performed (and thus, other distracting activities may 
have been performed) or as periods when no distracting activities were present (Fitch et al., 2015; 
Klauer et al., 2006; Klauer et al., 2014; Klauer et al., 2010; Olson et al., 2009; Victor et al., 2015). 
Farmer et al. (2015) defined unexposed as being when the driver was not using a mobile phone or 
was only viewing or holding the mobile phone, and so they may have been engaged in other distracting 
activities, viewing or holding a mobile phone. The remaining studies defined unexposed as when no 
distracting activity was present (Fitch, Guo, et al., 2013; Fitch, Soccolich, et al., 2013; Hickman & 
Hanowski, 2012; Hickman et al., 2010; Kidd & McCartt, 2015) or when no distracting activity was 
present and nor was there any impairment (Dingus et al., 2016; Guo et al., 2016) (refer to Table 6).  

4.2.4. SELECTION OF CONTROLS 

While the rationale behind the use of efficient case-control (or case-crossover and case-cohort) studies 
is simple, issues can arise if careful thought is not given to the selection of appropriate controls. If 
control periods are systematically different to the case periods (apart from the fact that a crash 
occurred), confounding may occur if that difference is also related to the exposure of interest. That is, 
any relationship that is found between distraction and crashes may actually be explained by another 
(confounding) variable.  

A variable will confound the relationship between an exposure and an outcome if it is independently 
associated with both the exposure and the outcome. For example, if road segment characteristics (say 
for example, the presence of an intersection) are related to the likelihood of a crash occurring (which 
is entirely probable), then those road characteristics would be more prevalent amongst the crash 
compared to control samples. If those same segment characteristics were also related to the likelihood 
of using a mobile phone (e.g. if people are less likely to use their mobile phones when approaching 
intersections), then failing to control for the presence of an intersection would confound the association 
between mobile phone use and crashes. In this situation, if there were more intersections in the crash 
road segments than the control road segments, and if people are less likely to use a mobile phone 
when approaching an intersection, then failing to control for the type of road segment would lead to an 
estimate of the association (OR or RR) between mobile phone use and crash risk that smaller than 
the true relative risk.  



 

MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 15 

Control of confounding 

There are a number of ways that confounding can be dealt with. In the study design stage, the study 
can be restricted to one level of the confounding factor (e.g. study the association between mobile 
phone use and crash risk at intersections), or control periods can be matched to case periods on the 
confounders of interest (e.g. Klauer et al., 2010; Victor et al., 2015). Another option is to adjust for 
potential confounders in the analysis stage, through the use of multivariable regression (multiple 
confounders can be controlled for) or by stratified analyses. These methods of controlling for 
confounders have only recently been used in the analysis of mobile phone use and crash risk using 
NDS. For example, Fitch et al. (2015) stratified their analyses by driving context, while Guo et al. (2016) 
stratified their analyses by driver age.  

Another issue of importance when selecting control periods is that drivers might change their behaviour 
as a result of a crash. It is highly possible that drivers would be less likely to use mobile phones while 
driving if they had previously experienced a crash or near crash while using a mobile phone, 
particularly on the same trip. If baseline control periods are selected randomly, the control 
(comparison) periods may have occurred after a crash/near-crash event. Choosing matched baseline 
control periods from the same trip could also be a problem unless the baseline period was selected 
from the time period prior to the event occurring. For example, Victor et al. (2015) attempted to choose 
matched baseline periods that came from the period of time preceding as the crash/near crash event; 
where this was not possible, the matched baseline periods were chosen from different trips. 

To date, the Victor et al. (2015) analysis of the SHRP 2 data is the best example of a study that 
comprehensively attempted to deal with multiple important confounders and serves as a model for 
how studies of naturalistic driving data should control for confounding (refer to Table 7). 
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Table 7: Selection of control periods and control of confounding for the case-control/case-
cohort and case-crossover studies 

Study NDS data source Control periods Control of confounding 

Klauer et al. (2006) 100 Car Study 20,000 6 second segments 
where speed >5mph (8km/h) 
stratified according to 
involvement in crashes and 
near crashes 

None 

Klauer et al. (2014) 100 Car Study and 
Naturalistic Teen 
Driving Study (NTDS) 

6 second periods where speed 
>5mph (8km/h) stratified by 
hours driven (100 car; 
n=16,614) or  miles travelled 
(NTDS; n=5,238)  

None 

Fitch et al. (2015) 100 Car Study and 
Truck study 

As for Klauer et al. (2014) and 
Olson et al. (2009) 

Analyses stratified by level 
of service (traffic flow) and 
proximity to intersections 
and merge ramps 

Fitch, Guo et al. (2013); 
Fitch, Soccolich et al. 
(2013) 

Short duration study 2,308 6 second baseline 
periods where speed >8 km/h, 
stratified by hours driven 

None 

Kidd & McCartt (2015) SHRP 2 20,000 6 second baseline 
periods where speed>5 
(8km/h) mph, stratified by 
driving exposure 

None. Note that analysis 
stratified by crash severity 

Dingus et al. (2016) SHRP 2 19,732 6 second baseline 
periods where speed >5 mph 
(8km/h), stratified by driving 
time 

None 

Guo et al. (2016) SHRP 2 6 second baseline periods 
where speed >8 km/h, 
stratified by driving time 

Analyses stratified by driver 
age 

Olson et al. (2009) Truck study 19,888 6 second baseline 
periods where speed ≥15 mph 
(≥24km/h), sampled by driving 
time  

None 

Hickman et al. (2010; 
2012) 

Truck and bus study 211,171 periods when Drive-
Cam was triggered by non-
safety critical events 

None 

Klauer et al. (2010) 100 Car Study 10,008 6 second baseline 
periods, matched to crash 
periods by driver and chosen 
from a time prior to crash event 
(9,984 used in analysis)  

Control periods matched to 
crash periods by driver, 
weekend/weekday, time +/-
2 hours, location (+/-100m) 
or relation to junction 

Victor et al. (2015) SHRP 2 One matched baseline period 
per crash, matched on a 
number of factors, chosen from 
a time period prior to the crash 

Control periods matched to 
crash periods by driver, 
road type, speed, weather, 
traffic density, daylight, 
relation to intersection 

Farmer et al. (2015) 100 Car Study N/A (modified cohort study) None 

 

4.3. Results  

The findings of the NDS analyses of the relationship between driver distraction and crash and safety-
critical event risk are described below; first for passenger car drivers and then for commercial vehicle 
drivers. The results of the recent meta-analysis into the effect of using a hand-held mobile phone on 
crash risk are also presented.  
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4.3.1. PASSENGER CAR DRIVERS 

Three of the NDS were conducted with experienced passenger car drivers: the 100 car study, the short 
duration study and the SHRP 2 study and one was conducted with novice drivers only (the NTDS). 
The results from each of these studies will be presented in turn. 

100 Car study results 

Secondary task complexity 

In the first report of driver distraction and crash risk from the 100 Car study, Klauer et al. (2006) 
included 69 crashes 761 and near-crashes in which the driver was reportedly at-fault and used a case-
control/case-cohort study design in which the control (or comparison) periods were sampled 
proportionally from the same vehicles involved in the crashes and near crashes. The data were 
analysed using unmatched logistic regression and no potential confounding variables were controlled 
for. Klauer et al. (2010) analysed the same crashes and near-crashes using a case-crossover design 
where the control periods were chosen from time periods prior to the crash period, matched by driver, 
day (weekday or weekend), time of day (+/- 2 hours), and GPS location or in relation to junction; 
therefore, the estimates of association were not confounded by any of these variables. They used 
analysis methods that were appropriate for matched data. Both of these studies reported estimates of 
the association between distracting tasks, classified by difficulty, and crash/near-crashes. The tasks 
classified under each level of difficulty are shown in Table 8.     

 
Table 8: Definition of simple, moderate and complex secondary tasks 

Simple secondary task Moderate secondary task Complex secondary task 

Adjust radio or other integral device, 
talking to passenger in adjacent seat, 
talking/singing when alone, drinking, 
smoking, lost in thought, other 

Talking/listening on hand-held device, 
other activity on hand-held device, 
inserting/retrieving CD or cassette, 
reaching for object other than hand-
held device, combing/fixing hair, other 
personal hygiene, eating, looking at 
external object 

Dialling, locating, reaching, 
answering hand-held device, 
operating/viewing personal digital 
assistant, reading, animal/object in 
vehicle, reaching for moving object, 
insect in vehicle, applying make-up 

 

Table 9 shows the comparable results from the two studies. Given the same crash/near-crashes were 
used in these two studies, the estimates can be compared to determine the impact of the different 
study designs, and control of confounding. The crude (unadjusted) estimates of the association 
between distraction and crash/near-crashes derived from the Klauer et al. (2006) case-cohort study 
suggest a stronger relationship than those estimates derived from the Klauer et al. (2010) case-
crossover study in which many potential confounders were adjusted for. This indicates that one or 
more of the matching factors were associated with both distraction and crashes/near-crashes, and 
were therefore explaining some of the association seen in the Klauer et al. (2006) study. For example, 
Klauer et al. (2006) found a non-significant 18% increase in the odds of a crash/near-crash when 
performing simple secondary tasks in the 5 seconds prior to the crash, whereas Klauer et al. (2010) 
found a non-significant 20% reduction in the odds of a crash/near-crash in those circumstances (when 
adjusting for confounders). When drivers were performing moderate or complex secondary tasks, both 
studies found an increased risk of a crash/near-crash, but the magnitude of the association was 
smaller in the well-controlled study.  

For drowsiness, however, the estimates of association are remarkably different from the two studies. 
In Klauer et al. (2006), the odds of a crash/near-crash for drivers displaying moderate to severe 
drowsiness were over four times the odds of a crash/near-crash for drivers not in that state. Once 
potential confounders were controlled for, the odds ratio increased markedly (OR=38.7) and the 95% 
confidence intervals for the two estimates do not overlap, indicating they are significantly different. 
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Thus, one or more confounding factors that was controlled for in the case-crossover analysis must 
have been hiding the true effect of drowsiness in the case-cohort analysis.  

These examples show the importance of adjusting for potential confounders, because depending upon 
the relationship between the confounders, the exposures and outcomes, the adjusted (and more 
accurate) odds ratio can be higher or lower than the crude odds ratio. It does appear, however, that 
not controlling for these potential confounders when investigating the association between distraction 
and crashes will lead to odds ratios that over-estimate the association. This is important to keep in 
mind when considering the results of the case-cohort studies that did not control for confounding at 
all; (the majority of the studies have been of this type (Dingus et al., 2016; Farmer et al., 2015; Fitch, 
Guo, et al., 2013; Fitch, Soccolich, et al., 2013; Hickman & Hanowski, 2012; Hickman et al., 2010; 
Kidd & McCartt, 2015; Klauer et al., 2006; Klauer et al., 2014; Olson et al., 2009)) and those that only 
controlled for one or two variables through stratification (Fitch et al., 2015; Guo et al., 2016).  

 
Table 9: Crude estimates of association between distracting tasks of different complexities, 

drowsiness, and crash/near-crashes from uncontrolled case-cohort study compared 
to estimates derived from well-controlled case-crossover study  

 Simple secondary 
task 

Moderate 
secondary task 

Complex 
secondary task 

Moderate to severe 
drowsiness 

Klauer et al. (2006) 
Case-cohort 

1.18 
(0.88-1.57) 

2.10  
(1.62-2.72) 

3.10  
(1.72-5.47) 

4.24 
(3.27-5.50) 

Klauer et al. (2010) 
Case-crossover 

0.80  
(0.62-1.05) 

1.30 
(1.00-1.70) 

2.10 
(1.19-3.58) 

38.7 
(26.4-56.8) 

Statistically significant results shown in bold type 

 

Specific mobile phone activities 

The estimates of the relationship between specific mobile phone activities and crash/near crash risk 
from studies that used 100 car study data can also be compared across several different studies: one 
modified cohort study (Farmer et al., 2015) and three case-cohort studies (Fitch et al., 2015; Klauer et 
al., 2006; Klauer et al., 2014), one of which stratified the analyses by driving context (Fitch et al., 2015). 
As well as the study designs, the studies differed slightly according to the events included, choice of 
control periods and analysis methods.  

Farmer et al. (2015) only reported the relative risks for interacting with a mobile phone (other than 
viewing/holding) and reaching for/answering/dialling the mobile phone in the journal paper. It is 
possible, however, to use the information in the paper to derive relative risks for all mobile phone tasks 
except viewing and holding (these were not coded as mobile phone use when videos of the crashes 
were reviewed – as such, these tasks are included under the “no mobile phone interaction” category 
and were therefore classified as unexposed to distraction). 

Table 10 shows the estimates of the association between performing specific mobile phone tasks while 
driving (when travel speed was at least 8 km/h) and crashes/near-crashes from the 100 car study. 
Dialling using a mobile phone was consistently associated with an increase in the crude (unadjusted) 
odds of a crash/near-crash that was very similar between studies (odds ratios between 2.49 and 2.77). 
Stratifying the analyses by driving context revealed that the significant increase in crash risk associated 
with dialling occurred in free-flow traffic (or level of service A; OR=3.11) but in situations without free-
flow traffic, the observed increase in crash risk was smaller (ORs=1.43 and 1.53) and not statistically 
significant. There was no significant increase in risk at junctions (OR=1.08), however, the odds of a 
crash/near-crash increased significantly when drivers were not at junctions (OR=3.11). While these 
results seems to suggest that  dialling is more risky in situations that are cognitively less demanding, 
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which seems counterintuitive, there are likely to be other confounding factors that are not controlled 
for in this study (e.g. travel speed).   

Reaching, locating or answering a mobile phone was associated with a significant increase in the risk 
of a crash/near-crash in Farmer et al.’s (2015; OR=3.31) modified cohort study, but not in Klauer et 
al.’s (2014; OR=1.37) case-cohort analysis. It is unclear why the difference in estimated risk between 
the studies is so large.  

Overall, talking/listening on a mobile phone (hand-held and hands-free pooled together) was not 
significantly associated with the occurrence of crashes/near-crashes, nor for the most part was talking 
on a hand-held phone. The exception was that talking/listening using a hand-held phone at junctions 
was associated with a statistically significant 51% reduction in the odds of a crash/near-crash. 
Talking/listening on a hands-free phone, however, was associated with a significant reduction in the 
risk of a crash/near-crash in almost all driving contexts.  

Overall, any use of a mobile phone whilst driving was not associated with crashes/near-crashes, apart 
from a significant reduction in risk when traffic is congested and when drivers are at junctions.  

Other distracting activities 

Two of the studies also investigated the association between other distracting activities (that is, not 
related to use of a mobile phone) and crash/near-crash risk (refer to Table 11). These two studies both 
used a case-cohort design. They differed in terms of the sample of outcome events used (refer to 
Table 5), the control periods (refer to Table 7) and the analysis methods: Klauer et al. (2006) used 
logistic regression while Klauer et al. (2014) used mixed effects logistic regression which takes into 
account that the data involve repeated measurements on the same subjects.  

Neither eating nor drinking were significantly associated with crash/near-crash risk. Adjusting the radio 
was associated with a 45% to 47% reduction in the odds of a crash/near-crash, however, this was only 
statistically significant in the latter study. The estimates of association between looking at an external 
object and crashes/near-crashes were remarkably different for two studies that were so similar. The 
first analysis (Klauer et al., 2006) found a large statistically significant increase in the odds of a 
crash/near-crash when looking at an external objects, while the second analysis (Klauer et al. 2014) 
found a non-significant decrease in the odds of a crash/near-crash when looking at a roadside object. 
Given the studies were so similar, it is difficult to see why the estimates are so different. It is possible 
that the definition of “looking at an external object” differed between the studies, however, not enough 
information was provided. The Klauer et al. (2006) study does refer to “looking at external object (i.e. 
long glance)” (Klauer et al., 2006, p34) so it is possible they the first analysis only included long glances 
while the second analysis may have included glances of any length, which may explain the difference.  

Several other behaviours were associated with crashes/near-crashes in Klauer et al. (2006) but were 
not investigated in the other studies. Applying make-up (OR=3.13, 95% CI 1.25-7.87), reading 
(OR=3.38, 95% CI 1.74-6.54), and reaching for moving objects (OR=8.82, 95% CI 2.50-31.16) were 
related to increased risk while having a passenger in the adjacent seat was associated with decreased 
risk (OR=0.50, 95% CI 0.35-0.70) regardless of driver age.  

Reaching for non-moving objects, having an insect in the vehicle, inserting/retrieving a CD, combing 
hair, other personal hygiene, and having a passenger (child or other) in the rear seat were not 
significantly associated with the occurrence of a crash/near-crash (Klauer et al., 2006).  
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Table 10: Estimates of the association between using a mobile phone and crash/near-crashes: 100 car study 

Authors (year)  Stratified by… Estimates of association† (95% Confidence Intervals)  

Overall mobile 
phone use 

Reach/ locate/ 
answer phone 

Dial Text Talk/listen: 
overall 

Talk/listen: hand-
held 

Talk/listen: 
hands free 

Klauer et al. (2006)  N/A N/A N/A 2.79 
(1.60-4.87) 

N/A N/A 1.29 
(0.93-1.80) 

N/A 

Klauer et al. (2014)  N/A N/A 1.37 
(0.31-6.14) 

2.49  
(1.38-4.54) 

N/A 0.76 
(0.51-1.13) 

N/A N/A 

Farmer et al. 
(2015)  

N/A 1.17  
(0.88-1.52) excl. 
view/hold 

3.31 
(1.07-7.76) 

2.77  
(1.47-4.78) 

N/A 0.90  
(0.64-1.24 
 

N/A N/A 

Fitch et al. (2015)  Level of Service A 1.22  
(0.77-1.95) 

N/A 3.11 
(1.34-7.24) 

N/A N/A 1.10 
(0.64-1.91) 

0 
(0-1.18) 

Level of Service B 0.76  
(0.48-1.20) 

N/A 1.43 
(0.52-3.94) 

N/A N/A 0.80 
(0.48-1.34) 

0 
(0-0.72) 

Level of Service C-
F 

0.58  
(0.36-0.94) 

N/A 1.53 
(0.58-4.05) 

N/A N/A 0.63 
(0.36-1.10) 

0 
(0-0.43) 

No junction 1.10  
(0.80-1.52) 

N/A 2.72  
(1.50-4.95) 

N/A N/A 1.06 
(0.73-1.54) 

0 
(0-0.44) 

Intersection or 
ramp 

0.49 
(0.29-0.83) 

N/A 1.08  
(0.32-3.63) 

N/A N/A 0.49 
(0.27-0.89) 

0 
(0-0.79) 

† All estimates of association are odds ratios except those from Farmer et al. (2015) which are risk ratios. Statistically significant associations in bold type.   

 
Table 11: Estimates of the association between other distracting activities and crashes/near-crashes: 100 car study 

Authors (year)  Eat Drink Adjust radio Look at external object 

Klauer et al. (2006) 1.57 (0.92-2.67) 1.03 (0.33-3.28) 0.55 (0.13-2.22) 3.70 (1.13-12.18) 

Klauer et al. (2014) 1.26 (0.74-2.15) 0.44 (0.16-1.22) 0.53 (0.30-0.94) 0.67 (0.37-1.22) 

Statistically significant associations shown in bold type 
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Naturalistic teen driving study 

Klauer et al. (2014) found a significant association between several distracting activities and 
crashes/near-crashes for teen novice drivers: 

 Texting or using the internet on a mobile phone; OR=3.87 (1.62-9.25) 

 Dialling a mobile phone; OR=8.32 (2.83-24.42) 

 Reaching for a mobile phone; OR=7.05 (2.64-18.83) 

 Reaching for another object; OR=8.00 (3.67-17.50) 

 Looking at a roadside object; OR=3.90 (1.72-8.81) 

 Eating; OR=2.99 (1.30-6.91)  

 
In comparison, the only one of those activities that was found to increase risk for experienced drivers 
in the 100 car study was dialling (no texting was observed in the 100 car study).  

Talking on a mobile phone, adjusting controls for the radio, heating, air-conditioning or ventilation, 
adjusting other controls, or drinking a non-alcoholic drink were not associated with the risk of a 
crash/near-crash for teen novice drivers.  

Short duration study  

The data from the short duration NDS were analysed in two different ways to derive two measures of 
association: an odds ratio and a relative risk. As explained earlier, however, the relative risk 
calculations were based on questionable assumptions, so only the odds ratios are presented here.  

The odds of a crash/near crash/safety critical event were statistically significantly increased while 
performing visual-manual subtasks (OR=1.73, 95% CI 1.12-2.69). When different types of visual-
manual subtasks were investigated in more detail, the odds of a crash/near crash/safety critical event 
were statistically significantly increased when trying to locate and answer a mobile phone (OR=3.65, 
95% CI 1.67-8.0), but not when dialling, pushing a button to begin or end use, or ending hand-held 
phone use. It must be noted however, that these other visual-manual actions were quite infrequent. 
Text messaging/browsing was also not associated with a statistically significant increase in crash risk, 
however there was a non-significant 73% increase in risk that almost reached the level for statistical 
significance (OR=1.73, 95% CI 0.98-3.08).  

Talking on a mobile phone was not associated with a statistically significant change in the odds of a 
crash/near crash/safety critical event, overall, or for the three different phone types (hand-held, 
portable hands-free or integrated hands-free).  

When collapsed over all types of activities, none of the phone types were associated with a change in 
the odds of a crash/near crash/safety critical event, although the use of hand-held mobile phones was 
associated with a 39% increase in the odds of a crash-relevant event which was not statistically-
significant at the conventional 5% level, but had a p-value of 0.08 which is still of some interest (1.39, 
95% CI 0.96-2.03). 

SHRP 2 

Four publications report the results of studies to investigate distraction and risk using data from the 
SHRP 2 NDS. The first study was a rigorously designed case-crossover study (Victor et al., 2015) of 
distraction and rear end crashes and near rear end crashes. Unfortunately because not all of the data 
were processed at the time the study was conducted there was a limited number events included in 
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the analysis. Hence there was less statistical power to detect effects and the confidence intervals are 
quite wide. In addition, the results are presented in graphical form so it is impossible to determine the 
exact values of the 95% confidence intervals, although it is possible to see if they were statistically 
significant by assessing whether or not the null value (1.0) was included. Despite the lack of power, 
the point estimates (odds ratios) can still be compared to the other studies, even if the confidence 
intervals were too wide to determine statistical significance in that study.  

The other three studies conducted later (Dingus et al., 2016; Guo et al., 2016; Kidd & McCartt, 2015) 
only included crash events (not near-crashes). Dingus et al. (2016) and Guo et al. (2016) included the 
same 905 crashes in their analyses; the authors stated that these were more severe crashes but 
appear to include severe, police-reportable and very minor crashes (levels 1 to 3 as defined in Table 
12 (Hankey, Perez, & McClafferty, 2016)). The papers differ in that Dingus et al. (2016) report an 
overall estimate of the association between distracting activities and crashes while Guo et al. (2016) 
stratified their analyses and report separate estimates for different age-groups (16-20, 21-29, 30-64 
and 65-98 years). Kidd and McCartt (2015) used a larger sample of 1465 crashes (levels 1 to 4) which 
also defined low risk tyre strikes (e.g. clipping the kerb during a turn) as crashes, however they 
stratified their analyses by crash severity so the results can be compared to Dingus et al. (2016) and 
Guo et al. (2016).   

 
Table 12: SHRP 2 Crash severity levels 

SHRP 2 Crash 
severity level 

Description 

Level 1: Severe 
crash 

Any crash that includes an airbag deployment; any known injury of driver, pedal cyclist, or pedestrian 
(one sufficient to warrant a doctor’s visit, including those self-reported and those apparent from video) 
; a vehicle rollover; a high Delta-V; or vehicle damage requiring towing. A high Delta-V is defined as 
a change in speed of the subject vehicle in any direction during impact greater than 20 mph (~32 
km/h) (excluding curb [sic] strikes) or (more commonly) acceleration on any axis greater than +/-2g 
(excluding curb [sic] strikes). 

Level 2: 
Moderate 
severity crash 

Not a level 1 crash; minimum of approximately $1,500 worth of damage as estimated from video. It 
also includes crashes that reach acceleration on any axis greater than +/-1.3g (excluding curb [sic] 
strikes). Examples are most large animal and sign strikes. 

Level 3: Minor 
severity crash  

Not a level 1 or 2 crash; the vehicle makes physical contact with another object or departs the road 
but sustains only minimal or no damage. This includes most road departures (unless criteria for a 
more severe crash are met), small animal strikes, all curb [sic] and tire strikes potentially in conflict 
with oncoming traffic, and other curb [sic] strikes with an increased risk element (i.e., the crash may 
have been worse if the curb [sic] had not been there). 

Level 4: Low 
risk tyre strike  

Not a level 1, 2, or 3 crash; the tire is struck with little or no risk element (e.g., clipping a curb [sic] 
during a tight turn). 

 

Even though the Victor et al. (2015) study differs in that they only used rear end crashes, and also 
included near rear end crashes, it is reasonable to compare the results to those of the other three 
studies because rear-end crashes were the most common type of severe and police-reportable 
crashes (Kidd & McCartt, 2015).   

Specific mobile phone activities 

The estimates of the association between mobile phone task and crash outcomes for SHRP 2 are 
shown for each of the relevant studies in Table 13. 

Three studies investigated the association between overall visual-manual tasks and risk. There was a 
strong statistically significant association between visual-manual tasks and crashes (Guo et al., 2016; 
Kidd & McCartt, 2015) and also rear end crashes and near-crashes (Victor et al., 2015). Stratifying by 
age-groups, there is some evidence that the risk is higher for older drivers (the 95% confidence 
intervals do not overlap with two of the three other age-groups), although it is difficult to be sure 
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because the statistical analysis was not set up to determine if the differences between age-groups was 
significant (Guo et al., 2016). When crashes of different severities are considered, including low risk 
tyre strikes in the sample of crashes, the overall risk estimate is diluted, because visual-manual tasks 
are associated with statistically significant increased risk for severe, police-reportable and minor 
crashes, compared to a statistically significant decreased risk for low risk tyre strikes. 

The three studies that investigated the risk associated with texting found a strong relationship between 
texting and crashes (or rear end crashes and near-crashes in the case of Victor et al. (2015)). The 
estimates of risk associated with texting are highest for older drivers, followed by drivers aged less 
than 30, however, the confidence intervals overlap so the difference between age-groups is unlikely 
to be statistically significant. Kidd and McCartt (2015) did not investigate texting, therefore, how the 
relationship varies between crashes of different severities is unknown.  

Dingus et al. (2016) discovered a strong statistically significant relationship between dialling and 
crashes. Stratifying the same data by age, the relationship appears to vary by age, however, the 
confidence intervals are very wide and overlap, so further evidence is required to support a significant 
difference between drivers of different age-groups (Guo et al., 2016). Victor et al. (2015) and Kidd and 
McCartt (2015) did not investigate the risk associated with dialling.  

Reaching, locating or answering a mobile phone was associated with statistically significant increase 
in risk (overall odds ratio=4.8) for the two studies that included 905 crashes (Dingus et al., 2016; Guo 
et al., 2016) but not when the limited sample of rear end crashes and near crashes was included 
(Victor et al., 2015; odds ratio of 1 for rear end crashes only, or 1.7 for rear end crashes and near 
crashes combined). This estimate did not vary much across drivers aged between 16 and 64. 
Considering most of the crashes in the SHRP 2 study were rear end crashes, the difference between 
the studies is surprising. Recall that Victor et al. (2015) accounted for a wide range of potential 
confounders by using a case-crossover study design, whereas the other two studies did not adjust for 
any confounders, which is one possible explanation for the discrepancy. However, the latter studies 
classified unexposed drivers as those who were not distracted at all, whereas it is possible that Victor 
et al. (2015) compared drivers who were not reaching, locating or answering (and therefore may have 
been taking part in another distracting activity) which may have made the comparison period seem 
more risky than it was.  

Talking or listening on a hand-held mobile phone was investigated in the two studies that included 905 
crashes (Dingus et al., 2016; Guo et al., 2016). Overall, there was a statistically significant increase in 
risk when talking/listening on a mobile phone (Dingus et al., 2016); when stratified by age, the 
association was statistically significant for drivers aged under 30, but not those over 30 (Guo et al., 
2016). However, the odds ratio were above one for drivers over 30, and the confidence intervals 
overlapped for the different age-groups, so there is some doubt about whether there is a statistically 
significant difference between age-groups.  

Talking or listening on any mobile phone was investigated in the other two studies (Kidd & McCartt, 
2015; Victor et al., 2015) and the results were quite different. Victor et al. (2015) found a statistically 
significant 90% reduction in the odds of a rear end crash/near-crash when talking/listening, and non-
statistically significant reductions of a similar magnitude when crashes and near-crashes were 
considered separately (there was likely not enough power to detect a statistically significant effect). 
Kidd & McCartt (2015), in contrast, found that if the low risk tyre strikes were excluded from the crashes 
that the odds of a severe, police-reportable or minor crash approximately doubled when talking or 
listening on a mobile phone. In comparison, there was a non-significant reduction in the odds of a low 
risk tyre strike when talking/listening on a mobile phone. The differences in the overall estimates could 
therefore be due to a number of study design features: the different outcome events (rear end 
crashes/near-crashes compared to crashes of all type stratified by severity), the better control of 
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confounding in Victor et al. (2015), or the difference in the definition of unexposed (not distracted at all 
in Kidd & McCartt (2015) or not talking/listening in Victor et al. (2015) so the drivers may have been 
performing other risky behaviours). 

Only the Dingus et al. (2016) and Guo et al. (2016) studies provided overall estimates of the 
association between mobile phone use and crashes, and there was a statistically significant increase 
in the odds of a crash when a mobile phone was used (overall). This study, however, did not control 
for confounding variables, so the odds ratios are likely to be overestimates.    

Other distracting activities 

A range of other distracting activities were found to be associated with an increased risk of crashes 
(refer to Table 14) in more than one study. These activities were:  

 reaching for objects other than a mobile phone (overall, and across age-groups);  

 adjusting the radio or heating, ventilation or air-conditioning (overall, and for drivers 
under 30, although confidence intervals overlap for different age-groups so no real 
evidence exists for a difference across age); 

 interacting with another type of in-vehicle device (overall and across age-groups); 

 interacting with any type of in-vehicle device (overall, for drivers under 30, (although 
again, the overlapping confidence intervals do not support a difference between 
age-groups), and across most crash severities); 

 interacting with an adult or teen passenger (overall and for drivers under 30; again 
overlapping confidence intervals do not support a statistically significant difference 
across age-groups); 

 eating was associated with increased risk for some age-groups and crash severities 
but not others, and 

 overall engagement in distraction was significantly associated with an increase in 
the risk of a crash overall, across age-groups and for all crash severities except for 
low risk tyre strikes.  

 
There was some evidence from a single study that other activities may be associated with risk: taking 
an extended glance at an external object (Dingus et al., 2016; OR=7.1 (4.8-10.4), reading and writing 
(Dingus et al., 2016; OR=9.9 (3.6-26.9), drinking (in drivers aged 21-29), Guo et al., 2016; OR=3.53 
(1.20-10.36), talking and singing (again for drivers aged 21-29), Guo et al., 2016; OR=2.14 (1.27-3.59). 
Dingus et al., (2016) found no association between dancing in the seat or personal hygiene tasks and 
crash risk.  
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Table 13: Estimates of association between mobile phone tasks and crashes/near crashes: SHRP 2 study 

Authors (year) 
& outcome 

Stratified by Estimates of association: Odds ratios (95% Confidence Intervals) 

Overall mobile 
phone use 

Overall 
mobile phone 
use: hand-
held 

Overall visual-
manual tasks 

Reach/locate/answer Dial Text Talk/listen: 
overall 

Talk/listen: 
hand-held 

Victor et al. 
(2015) 
Rear end 
crashes and 
near crashes 

Rear end crashes 
and near-crashes 

N/A N/A  2.7 1.7 N/A 5.6 0.10 N/A 

Rear end crashes N/A N/A 2.3 2.5 N/A 3.5 0 
 

N/A 

Near rear end 
crashes 

N/A N/A 2.8 1 N/A 7 0.1 N/A 

Dingus et al. 
(2016) 
Crashes 

N/A N/A 3.6  
(2.9-4.5) 

N/A 4.8  
(2.7-8.4) 

12.2 
(5.6-26.4) 

6.1 
(4.5-8.2) 
(Browse 2.7 
(1.5-5.1)) 

 2.2 
(1.6-3.1) 

Guo et al. (2016) 
Crashes 

Age 16-20 3.53 
(2.42-5.17) 

N/A 4.11 
(2.73-6.20) 

4.51 
(2.0-10.19) 
 

4.55 
(0.51-40.3) 

5.36 
(3.40-8.45) 

 2.30 
(1.21-4.37) 

Age 21-29 4.25 
(2.78-6.49) 

N/A 6.11 
(3.83-9.75) 

3.91 
(1.33-11.50) 

36.60 
(11.19-
119.76) 

6.23 
(3.61-10.76) 

 3.29 
(1.83-5.89) 

Age 30-64 2.11 
(1.16-3.83) 

N/A 3.19 
(1.51-6.75) 

5.84 
(1.61-21.18) 

3.77 
(0.45-31.63) 

2.52 
(0.86-7.39) 

 1.39 
(0.58-3.32) 

Age 65-98 5.72 
(2.14-15.29) 

N/A 24.47 
(6.80-88.09) 

N/A 81.51 
(4.17-
1594.35) 

24.84 
(4.08-151.38) 

 2.59 
(0.58-11.61) 

Kidd & McCartt 
(2015)  
Crashes and low 
risk tyre strikes 

All crashes N/A N/A 2.56 
(2.04-3.21) 

N/A N/A N/A 1.21  
(0.89-1.65) 

N/A 

All crashes 
except tyre 
strikes 

N/A N/A 4.96 
(3.85-6.41) 

N/A N/A N/A 1.97 
(1.37-2.83) 

N/A 

Severe and 
police-reportable 
crashes 

N/A N/A 4.83 
(3.05-7.63) 

N/A N/A N/A 1.91 
(0.98-3.70)  

N/A 
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Authors (year) 
& outcome 

Stratified by Estimates of association: Odds ratios (95% Confidence Intervals) 

Overall mobile 
phone use 

Overall 
mobile phone 
use: hand-
held 

Overall visual-
manual tasks 

Reach/locate/answer Dial Text Talk/listen: 
overall 

Talk/listen: 
hand-held 

 Minor crashes N/A N/A 5.02 
(3.72-6.77) 

N/A N/A N/A 2.00 
(1.31-3.06) 

N/A 

Low risk tyre 
strikes 

N/A N/A 0.53 
(0.29-0.97) 

N/A N/A N/A 0.57 
(0.32-1.02) 

N/A 

Statistically significant results shown in bold type 

 

Table 14: Estimates of the association between other distracting tasks and crashes/near-crashes: SHRP 2 study 

Authors 
(year) and 
outcome 

Stratified by Estimates of association: Odds ratios (95% Confidence Intervals)  

Any 
distraction 
(including 
mobile 
phones) 

Eat Drink In-vehicle 
device 

Adjust 
radio/heating/ 
ventilation/air-
conditions 

Other in-
vehicle 
device 

Reach for 
object other 
than mobile 
phone 

Talk/sing Interact with 
passenger 

Victor et al. 
(2015) 
Rear end 
crashes and 
near crashes 

Rear end 
crashes and 
near-crashes 

N/A N/A N/A N/A Radio 2.3 N/A N/A N/A N/A 

Rear end 
crashes 

N/A N/A N/A N/A ? N/A N/A N/A N/A 

Near rear end 
crashes 

N/A N/A N/A N/A 1.7 N/A N/A N/A N/A 

Dingus et al. 
(2016) 
Crashes 

 2.0 
(1.8-2.4) 

1.8 
(1.1-2.9) 

1.8 
(1.0-3.3) 

2.5 
(1.8-3.4) 

Radio 1.9  
(1.2-3.0) 
Climate control 
2.3 (1.1-5.0) 

4.6  
(2.9-7.4) 

9.1 
(6.5-12.6) 

N/A adult/teen 
1.4 (1.1-1.8) 
child in rear 
seat 0.5 (0.1-
1.9) 

Guo et al. 
(2016) 
Crashes 

Age 16-20 2.11 
(1.61-2.77) 

2.02 
(0.84-4.87) 

1.58 
(0.55-4.55) 

2.28 
(1.32-3.93) 

2.27 
(1.26-4.09) 

3.44 
(1.29-9.18) 

9.07 
(4.47-18.38) 

1.37 
(0.88-2.13) 

1.48 
(1.01-2.17) 

Age 21-29 2.76  
(1.98-3.84) 

3.46 
(1.54-7.76) 

3.53 
(1.20-10.36) 

3.37  
(1.84-6.18) 

2.46 
(1.17-5.15) 

6.86 
(2.68-17.60) 

12.36 
(6.08-25.14) 

2.14 
(1.27-3.59) 

1.67  
(1.03-2.73) 
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Authors 
(year) and 
outcome 

Stratified by Estimates of association: Odds ratios (95% Confidence Intervals)  

Any 
distraction 
(including 
mobile 
phones) 

Eat Drink In-vehicle 
device 

Adjust 
radio/heating/ 
ventilation/air-
conditions 

Other in-
vehicle 
device 

Reach for 
object other 
than mobile 
phone 

Talk/sing Interact with 
passenger 

Age 30-64 1.58 
(1.13-2.20) 

0.32 
(0.04-2.36) 

1.66 
(0.51-5.47) 

1.89 
(0.84-4.24) 

1.39 
(0.49-3.91) 

3.57 
(1.05-12.12) 

11.27 
(6.21-20.45) 

1.42 
(0.73-2.76) 

1.10 
(0.65-1.85) 

Age 65-98 1.71 
(1.24-2.36) 

3.43 
(1.15-10.20) 

1.23  
(0.16-9.32) 

2.09 
(0.92-4.76) 

0.85 
(0.20-3.69) 

4.46 
(1.64-12.11) 

9.17 
(3.91-21.47) 

0.88 
(0.31-2.48) 

0.95 (0.56-
1.60) 

Kidd & McCartt 
 (2015) 
Crashes and 
low risk tyre 
strikes 

All crashes 1.42 
(1.27-1.58) 

1.07 
(0.78-1.48) 

N/A 1.77 
(1.37-2.27) 

N/A N/A N/A N/A N/A 

All crashes 
except tyre 
strikes 

2.03  
(1.75-2.36) 

1.73 
(1.18-2.53) 

N/A 2.32 
(1.67-3.21) 

N/A N/A N/A N/A N/A 

Severe 
crashes 

2.01 
(1.54-2.63) 

0.75  
(0.28-2.07) 

N/A 1.39 
(0.67-2.90) 

N/A N/A N/A N/A N/A 

Minor crashes 2.04 
(1.71-2.43) 

2.14 
(1.42-3.22) 

N/A 2.70 
(1.88-3.88) 

N/A N/A N/A N/A N/A 

Low risk tyre 
strikes 

0.90 
(0.76-1.05) 

0.52 
(0.28-0.95) 

N/A 1.30 
(0.89-1.91) 

N/A N/A N/A N/A N/A 

Statistically significant results shown in bold type 
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4.3.2. COMMERCIAL VEHICLE DRIVERS 

The association between distracting activities and crash-related outcomes for commercial vehicle 
drivers are presented below.  

Bus and truck study 

In their study of bus and truck drivers, Hickman and colleagues (Hickman & Hanowski, 2012; Hickman 
et al., 2010) found that the odds of a mobile phone being used at all were 14% higher during safety 
critical events than comparison periods (OR=1.14, 95% CI 1.06-1.23) and drivers were more likely to 
be using mobile phones for texting/emailing/accessing the internet (OR=163.6, 95% CI 51.8-516.7) or 
dialling (OR=3.51, 95% CI 2.89-4.27) during safety critical events than comparison time periods. 
Talking or listening on a hand-held phone was not found to be associated with safety critical events 
(OR=0.89, 95% CI 0.80-1.00) while the odds of talking or listening on a hands-free phone during safety 
critical events were significantly lower than during comparison periods (OR=0.65, 95% CI 0.56-0.76).   

There was no statistically significant association between eating and safety-critical events (OR=1.1, 
95% CI 1.0-1.3).  

There was no specific information provided about the proportion of time drivers spent in rural or 
metropolitan areas, or average trip length. Approximately 34% of the 183 fleets were involved in 
distribution, 31% were small to medium businesses, 28% were transit with the remaining fleets being 
involved in energy, municipalities, waste, utilities/telecommunications or construction. It is likely that 
across the different drivers that there was a range of driving across different environments and trip 
lengths. Whether or not the effect of distraction differed across trip types (e.g. trip length, rural vs. 
urban driving) was, unfortunately, not investigated.  

Truck study 

Olson et al. (2009) used naturalistic data recorded from commercial vehicles and found that, with 
regard to mobile phone tasks, both text messaging (OR=23.2, 95% CI 9.7-55.7) and dialling a mobile 
phone (OR=5.9, 95% CI 4.6-7.7) substantially increased the likelihood of being involved in a safety 
critical event. Similar to the truck and bus study, talking or listening on a hand-held phone was not 
found to be associated with safety critical events (OR=1.0, 95% CI 0.9-1.2) while talking or listening 
on a hands-free phone was found to be associated with a decreased risk of a safety critical event 
(OR=0.4, 95% CI 0.4-0.6). Talking on a CB radio was also associated with a decreased risk (OR=0.6 
95% CI 0.4-0.8).   

Other distracting tasks were also associated with safety critical events. Tasks associated with 
increased risk of safety-critical events were: looking at the left mirror or out of the left window, writing, 
reading, using a calculator, reading a map, interacting with in-vehicle devices, interacting with dispatch 
devices, reaching for objects other than a mobile phone, reaching for non-moving objects, personal 
hygiene tasks, putting on or adjusting glasses/sunglasses, looking back into the sleeper berth, other 
complex tasks (e.g. cleaning mirror, rummaging through a bag) and other moderately complex tasks 
(e.g. opening a pill bottle, exercising).  

Tasks associated with decreased risk of safety-critical events were: looking at an external object, 
smoking (reaching for, lighting or extinguishing a cigarette), biting fingernails, “other” personal hygiene 
tasks, interacting with another vehicle occupant and checking the speedometer.   

Influence of driving context 

Fitch et al. (2015) used data from all crashes and near crashes in the 100 car study and the truck study 
to investigate the hypothesis that the association between mobile phone use and crashes (or surrogate 
events) might vary according to mobile phone task and the nature of the driving context. The results 
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pertaining to passenger vehicle drivers were considered earlier, and those pertaining to commercial 
vehicle drivers will be reported here. 

The risk associated with using a mobile phone varied by mobile phone task and by driving context 
(refer to Table 15). Commercial vehicle drivers were more likely to be using a phone during crash 
events than control events at non-junctions, but less likely to be using a phone during crash events 
than control events at junctions. Commercial vehicle drivers were more likely to be texting or dialling 
during a safety critical event than control periods when there was free flow or some restricted traffic 
and also when not at a junction. Talking or listening on a hands-free phone was associated with 
decreases in safety critical events when there was free flow or some restricted traffic and at both 
junctions and non-junctions. Talking/listening on a hand-held phone was associated with increased 
risk when drivers were not at a junction. CB radio use was associated with decreased risk at non-
junctions and in all traffic flow conditions except restricted/unstable conditions. 

 
Table 15: Association between mobile phone use and crashes/ near-crashes for different 

mobile phone tasks for different traffic flows and relation to junction:  commercial 
vehicles 

 Level of 
Service A: 
Free flow 
traffic 

Level of 
Service B: 
Some 
restriction of 
traffic flow 

Level of 
Service C-F: 
Restricted/ 
unstable traffic 
flow 

No junction Junction 

Cell phone use 1.14 (0.99-1.31) 0.95 (0.77-1.17) 0.81 (0.44-1.48) 1.2 (1.07-1.35) 0.53 (0.35-0.82) 

Texting 23.39 (8.77-
62.38) 

infinity (10.4-
infinity) 

0.32 (0.02-5.14) 27.78 (11.56-
66.8) 

none 

Dialling 7.84 (5.79-
10.63) 

4.14 (2.4-7.12) 0.96 (0.19-4.81) 7.71 (5.88-
10.11) 

0.39 (0.09-1.66) 

Talking/listening HH 1.13 (0.92-1.38) 0.98 (0.72-1.32) 1.95 (0.57-6.71) 1.18 (1-1.4) 0.59 (0.33-.08) 

Talking/listening HF 0.36 (0.26-0.49) 0.48 (0.33-0.7) 0.5 (0.22-1.12) 0.44 (0.35-0.57) 0.51 (0.27-0.95) 

CB radio 0.48 (0.32-0.72) 0.52 (0.3-0.91) 1.78 (0.39-8.1) 0.56 (0.4-0.77) 0.72 (0.31-1.72) 

Statistically significant results shown in bold type 

 

The authors also investigated the association between distracting activities and crash relevant 
outcomes across combinations of levels of service (traffic flow) and in relation to junction driving 
context, however, the study was not really powered to detect effects at this level, so they will not be 
further discussed.   

 

4.4. Meta-analysis of naturalistic driving studies: hand-held mobile 
phone use and crash outcomes 

Simmons et al. (2016) conducted a meta-analysis to derive a combined estimate of the association 
between various hand-held mobile-phone related tasks and crash outcomes using the results from 
several of the studies reviewed in this report (Fitch, Guo, et al., 2013; Fitch, Soccolich, et al., 2013; 
Hickman & Hanowski, 2012; Hickman et al., 2010; Klauer et al., 2006; Klauer et al., 2014; Olson et al., 
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2009; Victor et al., 2015). All of these were case-cohort studies with little control of confounding, except 
Victor et al. (2015) which was a case-crossover study that controlled for a range of potential 
confounders. The studies also differed according to the crashes included (at-fault vs. not at-fault, rear-
end vs. all crashes). Their aim was to provide a summary estimate of the association between hand-
held mobile phone tasks and crash outcomes. The heterogeneity of the summary estimate was also 
assessed to determine whether it was an appropriate reflection of the studies’ estimates.  

Dialling, locating/answering and text messaging/browsing were associated with increased risk of a 
crash or crash-related outcome, however, the large heterogeneity with regard to dialling and text 
messaging/browsing means the summary measures may not be useful (Table 16).  

 
Table 16: Summary estimates of association between hand-held mobile phone tasks and 

crash relevant outcomes from Simmons et al. (2016) meta-analysis. 

Hand-held mobile phone activity Summary estimate OR (95% 
confidence interval) 

Test for heterogeneity 

Dialling  4.04 (2.65-6.16) Significant 

Locating/answering 3.57 (2.52-5.05) Not significant 

Talking 0.89 (0.76-1.05) Not significant 

Text messaging/browsing 10.30 (2.38-44.67) Significant 

 Statistically significant results shown in bold type  
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5. PREVALENCE OF DISTRACTION 

In order to determine the impact of distraction on crashes in the real world, the relative risk (as 
estimated by the odds ratio in the previously described studies) provides a measure of the change in 
the likelihood of a crash occurring whilst performing a secondary task. To assess the overall influence, 
however, it is also important to know how often people engage in distracting activities; that is, the 
prevalence of these behaviours. A behaviour that is frequently engaged in but only increases risk by 
a small margin may be more of an issue for road safety than a behaviour that increases risk by a large 
amount but that drivers do not frequently engage in.  

From the NDS studies, it is possible to get an idea of how prevalent distracting behaviours are by 
looking at the proportion of control periods (that is, when drivers did not crash) during which drivers 
engage in distracting activities. That is because (unmatched) control periods are chosen so as to be a 
representative sample of driving. However, it is important to note that phones, and the tasks people 
perform on them, change over time. Therefore the most recent NDS, SHRP 2, which was conducted 
from 2010 to 2012 will be used to indicate the prevalence of engagement in distracting activities.  

Guo et al. (2016) reported the baseline prevalence of engagement in different secondary tasks in the 
SHRP 2 NDS, by age-group. Recall that this is the proportion of six second periods where the driver 
engaged in the secondary task for at least some of that six second period. So, drivers aged 16 to 20 
engaged in some sort of distracting activity for at least some portion of 58.46% of baseline (non-crash) 
driving periods. It does not mean that drivers aged 16 to 20 were distracted for 58.46% of all driving 
time (that would be an absolute upper limit on the prevalence estimate assuming they were performing 
the activity for the whole six second period).  

The most common distracting activities were interacting with a passenger and singing and talking 
(audience unknown), followed by overall mobile phone use and operating in-vehicle devices. Of the 
specific mobile phone related tasks, talking was the most common activity for drivers over 30, while 
drivers aged 21-29 were almost equally as likely to talk as to perform visual-manual tasks (mainly 
texting), and drivers aged 20 and under were more likely to perform visual-manual tasks (mainly 
texting) than to talk on a mobile phone. Drivers aged under 20 were the only age-group more likely to 
text than talk using a mobile phone while driving.  

Overall, drivers aged under 30 engaged in secondary tasks more often whereas drivers aged 65 and 
over engaged in secondary tasks the least. Drivers under 30 were more likely to engage in mobile 
phone related tasks (overall use, talking, overall visual-manual tasks, texting, reaching) with the 
exception of dialling, where drivers aged 30-64 engaged in dialling in a marginally greater proportion 
of driving periods. Drivers aged 65 and over only interacted with a mobile phone in a very small 
proportion of driving periods. Drivers aged under 30 also engaged in singing or talking (to a person 
unknown) more often than older drivers. Drivers aged 20 and under were involved in interacting with 
a passenger during a greater proportion of driving periods than drivers aged over 20.  

Drivers aged 65 and over spent fewer driving periods engaged in most distracting activities than 
younger drivers, with the exception of being distracted whilst looking at an object outside the vehicle 
and interacting with another in-vehicle device integral to the vehicle (apart from radio or heating, 
ventilation or air-conditioning). Drivers aged less than 20 spent the least amount of time being 
distracted whilst looking at an object outside the vehicle.  
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Table 17: Proportion of 6 second control periods in which drivers engaged in various 
distracting activities for at least some portion of the 6 second period, across age-
groups (from the SHRP 2 NDS) 

 
Table reproduced from Table 4 in Guo et al. (2016) 
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6. EYE GLANCES, DISTRACTION AND CRASH RISK  

Drivers’ eye glances were recorded by video cameras in the NDS. An exhaustive evaluation of the 
relationship between eye glances and crash risk is beyond the scope of this review. Pertinent to this 
review, however, are the results of analyses conducted using data from SHRP 2 to investigate whether 
the rear end crash/near crash risk associated with distraction can be explained by eye glances toward 
and away from the forward roadway (Victor et al., 2015).  

As described in Section 4.2.3, Victor et al. (2015) measured drivers’ engagement in distracting 
activities in the 5 seconds prior, to 1 second after, the precipitating event (e.g. the onset of brake lights 
on the lead vehicle). Analysis of the eye glance behaviour over this same time period established that 
the proportion of time with eyes off the road in the one second prior to the one second after the 
precipitating event was the measure of eye glance behaviour that was the best predictor of rear end 
crash/near crash risk. 

It has been suggested that the crash risk associated with distraction might be explained by the amount 
of time the driver’s eyes are off the road while performing the distracting activities. For example, to 
perform some tasks like texting or dialling, the driver must take their eyes off the road. It is therefore 
possible that the increased risk associated with texting or dialling may be due to the increase in time 
spent with eyes off the road. It has also been noted that drivers look at the forward roadway for a 
greater proportion of time when they are talking/listening on a phone. Thus the decreased risk when 
using a hands-free mobile phone may be due to the increased amount of time spent looking at the 
forward roadway.  

To determine whether distracting activities contributed to rear end crash/near crash risk over and 
above the proportion of time that the driver’s eyes were on the forward roadway in the 1 second prior 
to 1 second after the precipitating event, multivariable models were developed. It was revealed that, 
for the risk associated with overall visual-manual mobile phone tasks, the proportion of time that the 
driver’s eyes were off the forward roadway while performing visual-manual mobile phone tasks did 
explain the increased risk. However, when specific mobile phone activities were considered, it was 
found that the eye glance behaviour did not fully account for the increase in rear end crash/near crash 
risk associated with texting, nor the decrease in rear end crash/near crash risk associated with 
talking/listening (Victor et al., 2015).  
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7. SUMMARY AND CONCLUSIONS 

Two early seminal population based case-crossover studies discovered an approximately four-fold 
increased risk of a crash when a mobile phone was used up to ten minutes prior to the crash (McEvoy 
et al., 2005; Redelmeier & Tibshirani, 1997). Since then, the research approach has shifted in favour 
of NDS focusing on the crash/near crash (and sometimes other crash-related event) risk associated 
with specific mobile phone related tasks performed in the seconds prior to the crash. Two studies have 
focused on commercial vehicle drivers and four studies have included passenger vehicle drivers. To 
enable comparison across the studies using data from the six NDS, the results are shown in Tables 
A2, A3 and A4 of the Appendix.  

The magnitude of the association with crash/near crash (and sometimes crash relevant conflict) risk 
varied across mobile phone tasks and across driving task contexts (traffic density and relationship to 
junction), age-group and severity of crash. 

Tasks that involved interacting visually and/or manually with the phone were consistently associated 
with the largest increases in crash-related event risk (including crashes and near crashes) for all 
drivers, particularly text messaging/internet browsing, dialling and reaching for the phone or 
headset/earpiece. Recent estimates of prevalence amongst the more than 3,000 American drivers in 
SHRP 2 show that drivers aged under 30 engaged in visual-manual tasks during more than five percent 
of the baseline (normal) driving periods. It is concerning that drivers under 30 also engaged in texting 
during more than three percent of the baseline driving periods, as the risk of crashing whilst texting is 
very high. Drivers aged 20 and under spend more time texting while driving (during 3.32% of driving 
periods) than talking/listening on a mobile phone while driving (during 3.25% of driving periods).   

Talking/listening while driving is the most frequently performed mobile phone related activity for drivers 
aged over 20 (undertaken during 5.6% of driving periods for drivers aged 21-29 years and 3.2% of 
driving periods for those aged 30-64 years), but is still quite uncommon for drivers aged 65 and over 
(undertaken during 0.7% of driving periods). Prior to the most recent findings from SHRP 2 (Dingus et 
al., 2016; Guo et al., 2016; Kidd & McCartt, 2015), the evidence suggested that talking/listening while 
driving was not associated with an increased crash-related event risk for car drivers or commercial 
vehicle drivers. Recent analyses of the SHRP 2 data using only crashes (not near-crashes or other 
less severe events) as outcomes found a significant increase in the risk of a crash when using a hand-
held phone (Dingus et al., 2016). When stratified by age, it was found that the risk was significantly 
increased for drivers aged under 30, but not for older drivers; although the 95% confidence intervals 
overlapped indicating that the differences between age-groups were not statistically significant. (Guo 
et al., 2016). Likewise, Kidd & McCartt (2015) found an increased risk of a minor crash when drivers 
were talking or listening on a mobile phone (the type was not identified).  

For talking/listening on a hands-free phone, however, the current evidence suggests that for both 
commercial drivers and experienced passenger vehicle drivers that talking/listening using a hands-
free phone is associated with statistically significant reductions in crash-related event risk. The 
outcomes that were included in studies that focused on hands-free phone use included: crashes and 
near crashes (passenger car drivers: Fitch et al., 2015) crashes, near crashes and other crash relevant 
conflicts (truck and bus drivers: Hickman & Hanowski, 2012; Hickman et al., 2010), and some also 
included other less severe outcomes such as lane deviations (truck drivers:Fitch et al., 2015; Olson et 
al., 2009) and kerb strikes (passenger car drivers:Fitch, Guo, et al., 2013; Fitch, Soccolich, et al., 
2013). Unfortunately none of the studies that only included crashes as outcome events have focused 
on hands-free phone use.  

Results from the SHRP-2 study of where drivers glance while driving indicate that drivers may spend 
more time looking at the forward path when talking/listening on a mobile phone, while activities such 
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as texting involve looking away from the forward path. Victor et al. (2015), however, established that 
the increase in risk associated with texting and the decrease in risk associated with talking/listening 
cannot be fully explained by the proportion of time that the drivers’ eyes are on (or off) the forward 
pathway. Therefore, distraction contributes to the road crash risk associated with these activities 
through more than simply the effect on where the driver is looking.  

Interacting with a passenger is the most frequent distracting activity for drivers of all ages (undertaken 
during 14.8% to 17.8% of normal driving periods). Studies of experienced car drivers and commercial 
vehicle drivers have found a significant reduction in crash/near-crash risk when there is a passenger 
present. The recent analyses of the SHRP 2 data, however, found an overall increase in crash risk 
when an adult or teen passenger was present, that was most likely driven by the increased risk of 
passengers present when the drivers was aged under 30.  

Similar to mobile-phone related tasks, visual-manual interaction with other objects appears to be 
associated with increased risk of a crash: reading, writing, and reaching for an object were all 
consistently associated with increased risk across a number of studies. Overall, interacting with in-
vehicle devices was fairly common (occurred during 2.7% to 4.4% of normal driving periods) and was 
generally associated with increased risk for truck drivers and car drivers, particularly those aged under 
30. When interaction with specific in-vehicle devices was considered, however, there was no 
consistent evidence as to which devices (e.g. radio, heating, ventilation, air-conditioning or others) 
increased risk. Some personal hygiene tasks (e.g. applying make-up) were also associated with 
increased risk. The risk associated with eating and drinking varied across studies with some studies 
finding an increased risk, and some studies finding no association.  

Finally, looking at an object external to the vehicle was associated with increased risk in most studies 
of passenger car drivers, whereas in contrast, the odds of a crash were reduced for truck drivers 
looking outside the vehicle. It is possible that the definition of “looking at an external object” differed 
between studies.  

As the number of studies investigating distraction and crashes using NDS data increase, some findings 
are consistently replicated (e.g. the risk associated with visual-manual tasks), however, there are still 
some questions surrounding the risk associated with other tasks (e.g. talking/listening on a mobile 
phone). Even studies that analyse the same data using different study designs and analysis methods 
can lead to different results. As the amount of NDS data available for analysis increases, it may no 
longer be necessary to use near-crashes as outcomes, as shown in the most recent analyses of SHRP 
2 data (Dingus et al., 2016; Guo et al., 2016, Kidd & McCartt, 2015). This is a positive step as Kidd & 
McCartt (2015) demonstrated that including low risk tyre strikes (e.g. when a tyre hit the kerb) as 
outcome events had a noticeable effect of diluting the association between distraction and crashes. 
This is also an example of why the use of surrogate outcome measures, such as decrements in driving 
performance, are not always a valid substitute for crashes when estimating crash risk.  

The problem of confounding is still a major concern for the studies of NDS data: without adjusting for 
potential confounders one cannot be certain whether an association between distraction and crashes 
can be explained by other factors, and the estimates of association are generally smaller when case-
crossover studies, which control for a wide range of potential confounders, are performed. Both Klauer 
et al. (2010) and Victor et al. (2015) noted the difficulties in conducting case-crossover studies, 
however, the appropriate control of confounding, either in the study design or analysis stage is 
essential to measure to independent effect of distraction on crash risk. Possible interactions have also 
not been investigated: for example, it is possible that the apparent decreased risk when 
talking/listening on a hands-free mobile phone may occur on long trips, or rural drives (rather than 
short trips in metropolitan areas), however, the current studies have not investigated this important 
issue for policy-makers. 
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The next logical step in investigating distraction and crashes is to conduct a well-controlled (e.g. case-
crossover) study including only crashes (not near-crashes) as outcomes in order to estimate the 
independent effect of distraction on road safety, whilst controlling for confounding variables. While this 
is theoretically possible with the large SHRP 2 dataset, it would require extensive expertise in the 
rigorous design of epidemiological studies, thorough context-specific knowledge to identify and control 
for potential confounders, and considerable resources (both time and money) to produce the 
necessary dataset with all of the potential confounders. 
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9. APPENDIX 

Table A1: Description of studies included in this review 

Authors (year) NDS data source Outcome event/s 
(crashes and 
other) 

Exposure 
(engagement in 
distracting tasks) 

Control period (Odds 
Ratio estimates) or 
Denominator (Relative 
Risk estimates) 

Analysis/ Measure of 
association2 

Control of 
confounding 

Comments 

Dingus et al. 
(2016) 

SHRP 2 
analysed as a case-
cohort study 

905 crashes Engagement in 
secondary tasks 
including mobile phone 
tasks, talking/singing, 
interacting with 
passenger, reaching, 
drinking, eating, 
operating in-vehicle 
devices 

19,732 6 second baseline 
periods where speed >5 
mph, stratified by driving 
time 

Odds ratio comparing 
engagement in specific 
tasks to alert attentive 
driving 

None  

Guo et al. (2016) SHRP 2 
analysed as a case-
cohort study 

905 crashes Engagement in 
secondary tasks 
including mobile phone 
tasks, talking/singing, 
interacting with 
passenger, reaching, 
drinking, eating, 
operating in-vehicle 
devices 

6 second baseline periods 
where speed >8 km/h, 
stratified by driving time 

Odds ratio comparing 
engagement in specific 
tasks to alert attentive 
driving 

Controlled for driver 
age by stratifying the 
analyses 

Odds ratios reported 
for different age-
groups but no explicit 
test for differences 
between age-groups 

Kidd & McCartt 
(2015) 

SHRP 2 
analysed as a case-
cohort study 

1457 Crashes, by 
severity.  
 

Any secondary 
behaviour, mobile 
phone conversation, 
manipulating mobile 

19,993 randomly sampled 
baseline periods with no 
safety-relevant event, 
balanced by driving 

Odds ratio None Odds ratios reported 
by different levels of 
crash severity 

                                                 

2 Relative risk (RR) is the probability (or risk) of an event happening when a driver is performing a secondary task compared with the probability of an event happening when a driver is not 
performing a secondary task. The RR is a true measure of relative risk between two groups that is obtained from cohort studies. The Odds Ratio (OR) is the odds of performing a secondary task 
during a crash event compared with the odds of performing a secondary task during a control period. The OR is obtained from case-control, case- crossover and case-cohort studies. The OR will 
always over-estimate the RR but it is a good approximation when the outcome (e.g. crashes) is rare.   
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Authors (year) NDS data source Outcome event/s 
(crashes and 
other) 

Exposure 
(engagement in 
distracting tasks) 

Control period (Odds 
Ratio estimates) or 
Denominator (Relative 
Risk estimates) 

Analysis/ Measure of 
association2 

Control of 
confounding 

Comments 

phone, eating/drinking-
related, interacting with 
in-vehicle system 

exposure (total driving 
time above 5mph) 

Victor et al. 
(2015) 

SHRP 2 
analysed as a case-
crossover study 
 

Rear end crashes 
(N=46) and rear-end 
near crashes 
(N=211)  

Engagement in a 
secondary task 
beginning at any point 
during the 5-6 sec. 
period prior to onset of 
the precipitating event. 
Includes mobile phone 
use and task  

260 baseline periods 
matched to crash/near 
crash events:  
-same driver 
-no overlap with event 
-vehicle was travelling 
<0.1 km/h for 1.5 sec at 
most 
-divided/undivided road 
-speed within +/- 
15 km/h 
-adverse weather 
-limited access y/n 
-traffic density 
-daylight 
 
-crashes matched for 
relation to intersection; 
near-crashes were not 
 
-Almost 3/4 of matched 
baseline periods were 
from the time period 
preceding the crash/near 
crash event, the rest were 
from different trips 
 
Also 260 unmatched 
baselines – analysis not 
reported 
 

Odds ratio comparing 
mobile phone use 
during crash/near 
crash event to 
matched baseline 
period 

Controlled a large 
number of potential 
confounders by 
matching crash/near-
crash periods to 
control periods on 
driver, environment 
and trip factors. 

Analyses conducted 
on subset of the total 
SHRP 2 data 
available at time of 
extraction. 20-30% 
had been surveyed 
for kinematic triggers, 
100% surveyed 
through automatic 
notification 
processes.  
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Authors (year) NDS data source Outcome event/s 
(crashes and 
other) 

Exposure 
(engagement in 
distracting tasks) 

Control period (Odds 
Ratio estimates) or 
Denominator (Relative 
Risk estimates) 

Analysis/ Measure of 
association2 

Control of 
confounding 

Comments 

Farmer et al. 
(2015) 

100 Car study  
Analysed as 
modified cohort 
study (risk per 
estimated time 
spent on phone) 
 

57 crashes and 640 
near crashes 

Mobile phone use 
(including task) in 5 
sec. prior, to 1 sec. 
after, event onset 
coded from videos 

No control. Estimated 
amount of time spent on a 
mobile phone from 
sampled time periods 

RR: Risk while using 
mobile phone 
compared to risk when 
not using mobile 
phone or when 
viewing/holding a 
mobile phone 

None Risk ratios not 
presented in the 
journal article but can 
be calculated from 
data provided in the 
paper.  

Fitch et al. (2015) Truck study & 100 
Car study analysed 
as unmatched 
case-control study 
(case-cohort) 
 

Commercial 
vehicles: Crashes 
(N=21), near-
crashes (N=197), 
crash-relevant 
conflicts (N=3,019) 
& lane deviations 
(N=1,215) identified 
from vehicle sensor 
data 
 
Light vehicles: 68 
crashes and 760 
near crashes 

Using a mobile phone 
in the 5 sec. prior to, or 
1 sec. after, the onset 
of the conflict coded 
from video data 
 
 

Commercial vehicles: 
19,888  
6 sec periods stratified by 
time spent in study  
 
Light vehicles: 17,213 6 
sec periods stratified by 
time driven by each driver 

Odds ratio comparing 
odds of using mobile 
phone during event 
compared with odds of 
using phone during 
control period. Periods 
stratified according to 
traffic flow and whether 
or not they were 
at/near a junction  

Controlling for traffic 
flow and junction/no 
junction by stratifying 
in the analysis 

 

Klauer et al. 
(2014) 

Naturalistic teenage 
driving study and 
100 car study 
analysed as 
unmatched case-
control study (case-
cohort study) 
 
 

At fault crashes (31 
novice; 42 
experienced) and 
near- crashes (136 
novice; 476 
experienced) 
identified from 
vehicle sensor data  

Mobile phone use 
(including task) in 5 
sec. prior, to 1 sec. 
after, event onset 
coded from videos  

Randomly selected 6 sec. 
periods when vehicle 
travelling  
> 5 mph 
 
Novice: Stratified 
sampling by no. miles 
vehicle travelled, N=5238 
control periods 
 
Experienced: Stratified 
sampling by no. hours 

Mixed effects logistic 
regression to control 
and model subject 
specific 
intercorrelation 
 
Odds ratio comparing 
odds of using mobile 
phone during event 
compared with odds of 
using phone during 
control period   

None Should have reported 
marginal effects (not 
subject specific OR)  
 
Effect on OR 
estimate is unknown 
but probably not very 
large 
 



DISTRACTION AND CRASHES: CURRENT STATE OF KNOWLEDGE FROM ANALYTICAL STUDIES   42 
   

Authors (year) NDS data source Outcome event/s 
(crashes and 
other) 

Exposure 
(engagement in 
distracting tasks) 

Control period (Odds 
Ratio estimates) or 
Denominator (Relative 
Risk estimates) 

Analysis/ Measure of 
association2 

Control of 
confounding 

Comments 

person had driven, 
N=16,614 control periods 

Fitch, Soccolich 
et al. (2013), 
Fitch, Guo et al. 
(2013)  

Naturalistic study of 
passenger vehicles  
Analysis involved:    
1. unmatched case-
control study (case-
cohort) 
2. cohort study 
 
 

Crash (N=4), 
Near crash (N=72), 
Crash relevant 
conflict (N=364) and 
Kerb strikes (N=2) 
identified from 
vehicle sensor data 

Mobile phone use 
(including type of 
phone and task) in 5 
sec. prior, to 1 sec. 
after, event onset 
coded from videos 
 
Phone billing records 
provided and used for 
RR calculation   

1. OR estimates: 2,308 
randomly selected 6 sec. 
periods when vehicle 
travelling >8 km/h. 
Stratified sampling by time 
spent in study. 46% of the 
6 sec. periods where 
driver was performing 
another secondary task 
were excluded, leading to 
1426 control periods used 
in analysis 
 
2. RR estimates: Time 
spent driving (using a 
phone and not using a 
phone) estimated from cell 
phone records and 
detailed review of 10% of 
calls and texts   
 

1. Odds ratio 
comparing odds of 
mobile phone use 
during a crash to 
control periods when 
driving and not 
performing other 
secondary tasks 
 
2. Rate ratio 
comparing number of 
crashes while using a 
mobile phone to 
number of crashes 
while not using a 
mobile phone 

None 
  

The RR estimates 
are likely to be 
inaccurate. Several 
assumptions were 
made when 
estimating the time 
spent driving and 
using a mobile 
phone, and not using 
a mobile phone.  
OR estimates are to 
be preferred. 
Broader definition of 
safety critical events 
– implications for 
relationship to mobile 
phone use unclear 
(e.g. are kerb strikes 
similar enough to 
crashes?) 

Hickman et al. 
(2010; 2012) 

Truck and bus study 
analysed as 
unmatched case-
control study  
 

Crashes (N=1085), 
near crashes 
(N=8375), crash 
relevant conflicts 
(N=30,661) 
identified by 
DriveCam safety 
monitoring system 

Mobile phone use 
(including task) in the 8 
sec. prior to, or 4 sec. 
after, event onset 
coded from video by a 
risk analyst who 
worked for the 
technology vendor 

12 sec. periods where 
DriveCam data collection 
activated by non-safety 
critical events, e.g. train 
tracks and potholes 
(N=211,171) 

Odds ratio comparing 
mobile phone use 
during event periods to 
mobile phone use 
during control periods 

None Lack of true control 
data: are periods 
when DriveCam is 
activated by non-
safety critical events 
representative of all 
driving periods?  
Broader definition of 
safety critical events 
– implications for 
relationship to mobile 
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Authors (year) NDS data source Outcome event/s 
(crashes and 
other) 

Exposure 
(engagement in 
distracting tasks) 

Control period (Odds 
Ratio estimates) or 
Denominator (Relative 
Risk estimates) 

Analysis/ Measure of 
association2 

Control of 
confounding 

Comments 

phone use are 
unclear 
 

Olson et al. 
(2009) 

Truck study 
analysed as 
unmatched case-
control study (case-
cohort) 
 
 

Crashes (N=21), 
near-crashes 
(N=197), crash-
relevant conflicts 
(N=3,019) & lane 
deviations 
(N=1,215) identified 
from vehicle sensor 
data 
 

Using a mobile phone 
in the 5 sec. prior to, or 
1 sec. after, the onset 
of the conflict coded 
from video data 

6 sec. periods (N=19,888) 
stratified by time spent in 
study  

Odds ratio comparing 
mobile phone use 
during events to 
mobile phone use 
during control periods 

None Broader definition of 
safety critical events 
 

Klauer et al. 
(2010) 

100 Car naturalistic 
study of passenger 
vehicles analysed 
as case-crossover 
study 
Northern Virginia/ 
Washington DC, 
USA 
 

At fault crashes 
(N=69) and near-
crashes (N=761) 
identified from 
vehicle sensor data 
(only 790 events 
included in analysis) 

Using a mobile phone 
in the 5 sec. prior to, or 
1 sec. after, the onset 
of the conflict coded 
from video data 

10,008 6 second baseline 
periods, matched to crash 
periods by driver, 
weekend/weekday, time 
+/-2 hours, location (+/-
100m) or relation to 
junction and chosen from 
a time prior to crash event 
(9,984 used in analysis)  

Odds ratio comparing 
mobile phone use 
during events to 
mobile phone use 
during control periods 

Controlled a large 
number of potential 
confounders by 
matching crash/near-
crash periods to 
control periods on 
driver, environment 
and trip factors.  

Didn’t look at specific 
mobile phone tasks 
separately (just 
simple, moderate 
and complex tasks) 

Klauer et al. 
(2006) 

100 Car study 
Naturalistic study of 
passenger vehicles 
analysed as 
unmatched case-
control study (case-
cohort) 
 
Northern Virginia/ 
Washington DC, 
USA 
 

At fault crashes 
(N=69) and near-
crashes (N=761) 
identified from 
vehicle sensor data 

Using a mobile phone 
in the 5 sec. prior to, or 
1 sec. after, the onset 
of the conflict coded 
from video data 

6 sec. periods (N=19,645) 
weighted to represent 
involvement in events 

Odds ratio comparing 
mobile phone use 
during events to 
mobile phone use 
during control periods 

None Also re-analysed as a 
case-crossover study 
(Klauer et al., 2010): 
suggests that the 
magnitude of the 
associations may be 
less than that 
reported here 
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Authors (year) NDS data source Outcome event/s 
(crashes and 
other) 

Exposure 
(engagement in 
distracting tasks) 

Control period (Odds 
Ratio estimates) or 
Denominator (Relative 
Risk estimates) 

Analysis/ Measure of 
association2 

Control of 
confounding 

Comments 

McEvoy et al. 
(2005) 

Population based 
case-crossover 
 
Western Australia 

Crashes resulting in 
hospital attendance 

Text messages sent, 
and calls made and 
received in the 10 min 
(also considered 5 min) 
prior to the crash or part 
thereof if not driving for 
the full ten minutes. 
Voice mail and text 
messages received 
were also included if 
drivers verified that 
phones were used for 
this purpose while 
driving 
 

The same period at the 
same time of day 1, 3 or 7 
days prior to crash 

Odds ratio comparing 
mobile phone use prior 
to crash to mobile 
phone use during 
same period on 
previous day (for same 
driver)  

Controlled for driver 
factors and time of 
day/day of week 
through case-
crossover design 

Drivers were only 
included in the 
analysis if they 
confirmed they were 
driving during the 
control period.  
Exposure data 
obtained from mobile 
phone billing records 

Redelmeier & 
Tibshirani (1997) 

Population based 
case-crossover 
 
Toronto, Canada 

Property damage 
crashes reported to 
Collision Reporting 
Centre 

Incoming or outgoing 
calls within the 10 
minutes prior to crash 
(also considered 1, 5 & 
15 min before) 

The same period at the 
same time on the same 
day prior to the crash. Also 
considered the workday 
prior and one week prior 

Odds ratio comparing 
mobile phone use prior 
to crash to mobile 
phone use during 
same period on 
previous day (for same 
driver) 

Controlled for driver 
factors and time of 
day/day of week 
through case-
crossover design 

Estimates were 
adjusted for the 
proportion of drivers 
expected not to be 
driving during the 
control period. 
Exposure data 
obtained from mobile 
phone billing records 
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Table A2: Naturalistic driving studies: association between mobile phone use and crash risk for different mobile phone tasks 

Authors 
(year) & 
NDS 

Overall 
use 

Overall 
use: 
hand-
held 

Overall 
use: 
personal 
hands 
free 

Overall 
use: 
integrated 
hands free 

Overall 
visual-
manual 
tasks 

Reach 
for 
phone 
or 
locate/ 
answer 

Push 
to 
begin/ 
end 
call 

End 
HH 
phone 
use 

Dial Reach 
for 
headset/ 
earpiece 

Text/ 
browse/ 
email 

Overall 
talk/listen 

Talk/listen 
hand-held 

Talk/listen: 
personal 
hands free 

Talk/listen:  
integrated 
hands free 

Klauer et al. 
(2006) 100 
car 

        2.79 
(1.60-
4.87) 
 

   1.29 
(0.93-
1.80) 
 

  

Farmer et al. 
(2015) 100 
Car 

excluding 
viewing/ 
holding 
1.17  
(0.88-
1.52) 

    3.31 
(1.07-
7.76) 
 

  2.77 
(1.47-
4.78) 
 

  0.90 
(0.64-
1.24) 
 

   

Fitch et al. 
(2013) Short 
duration 

1.10  
(0.80-
1.53) 

1.39 
(0.96-
2.03) 

0.79 
(0.40-
1.55) 

0.62 (0.26-
1.46) 

1.73 
(1.12-
2.69) 

3.65 
(1.67-
8.0) 

0.63 
(0.08-
4.92) 

1.26 
(0.43-
3.71) 

0.99 
(0.12-
8.11) 

 1.73 
(0.98-
3.08) 

0.75 
(0.49-
1.15) 

0.79 
(0.43-
1.44) 

0.73 (0.36-
1.47) 

0.71 (0.3-
1.66) 

Dingus et al. 
(2016) 
SHRP 2 

 3.6 
(2.9-
4.5) 
 

   4.8 
(2.7-
8.4) 
 

  Hand 
Held 
12.2 
(5.6-
26.4) 
 

 Browse 
2.7 (1.5-
5.1) Text 
6.1 (4.5-
8.2) 

 2.2  
(1.6-3.1) 
 

  

Olson et al. 
(2009) Truck 

        5.93 
(4.57-
7.69) 

 23.2 (9.7-
55.7) 

 1.04 
(0.89-
1.22) 

0.44 (0.35-
0.55) 

 

Hickman et 
al. 
(2010;2012) 
Truck & bus 

1.14  
(1.06-
1.23) 

    3.74 
(2.97-
4.71) 

  3.51 
(2.89-
4.27) 

3.38  
(2.64-
4.31) 

163.6 
(51.8-
516.7) 

 0.89 
(0.80-
1.00) 

0.65 (0.56-
0.76) 
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Table A3: Naturalistic driving studies: association between mobile phone use and crash risk for different mobile phone tasks: Stratified estimates 

Authors (year) 
& NDS 

Stratified by Overall 
use 

Overall visual-
manual tasks 

Reach for phone 
or locate/ answer 

Dial Text/ browse/ 
email 

Overall 
talk/listen 

Talk/listen 
hand-held 

Talk/listen: 
personal hands 
free 

Klauer et al. 
(2014) 100 Car 

Experienced   1.37  
(0.31-6.14) 

2.49  
(1.38-4.54)  

 0.76  
(0.51-1.13) 

  

Klauer et al. 
(2014) NTDS 

Teen    7.05  
(2.64-18.83) 

8.32  
(2.83-24.42) 

3.87  
(1.62-9.25) 

0.61  
(0.24-1.57) 

  

Guo et al. (2016) 
SHRP 2 

Age 16-20 3.53  
(2.42-
5.17) 

4.11  
(2.73-6.20) 
 

4.51  
(2-10.19) 
 

Hand-held   4.55 
(0.51-40.3) 
 

5.36  
(3.40-8.45) 
 

 2.30  
(1.21-4.37) 
 

 

21-29 4.25 
(2.78-
6.49) 

6.11  
(3.83-9.75) 
 

3.91  
(1.33-11.5) 
 

Hand-held    
36.60  
(11.19-119.76) 

6.23  
(3.61-10.76) 
 

 3.29  
(1.83-5.89) 
 

 

30-64 2.11  
(1.16-
3.83) 

3.19  
(1.51-6.75) 
 

5.84  
(1.61-21.18) 
 

Hand-held    
3.77  
(0.45-31.63) 
 

2.52  
(0.86-7.39) 
 

 1.39  
(0.58-3.32) 
 

 

65-98 5.72  
(2.14-
15.29) 

24.47 (6.80-
88.09) 
 

n/a 
 

Hand-held    
81.51  
(4.17-1594.35) 

24.84  
(4.08-151.38) 
 

 2.59  
(0.58-11.61) 
 

 

Victor et al. 
(2015) SHRP 2 

Rear end crashes & 
near-crashes 

 2.7 1.7  5.6 
 

0.1 
 

  

Rear end crashes  2.3 2.5  3.5 0   

Rear end near 
crashes 

 2.8 1  7 0.1   

Kidd & McCartt 
(2015) SHRP 2 

All crashes  2.56  
(2.04-3.21) 

   1.21  
(0.89-1.65) 

  

All exc. low risk tyre 
strikes 

 4.96  
(3.85-6.41) 

   1.97  
(1.37-2.83) 

  

Severe & police-
reportable 

 4.83  
(3.05-7.63) 

   1.91  
(0.98-3.70) 

  

Minor  5.02  
(3.72-6.77) 

   2.00  
(1.31-3.06) 

  

Low risk tyre strike  0.53  
(0.29-0.97) 

   0.57  
(0.32-1.02) 
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Authors (year) 
& NDS 

Stratified by Overall 
use 

Overall visual-
manual tasks 

Reach for phone 
or locate/ answer 

Dial Text/ browse/ 
email 

Overall 
talk/listen 

Talk/listen 
hand-held 

Talk/listen: 
personal hands 
free 

Fitch et al. (2015) 
100 car 

Level of service A 1.22  
(0.77-
1.95) 

  3.11  
(1.34-7.24) 
 

  1.1 (0.64-1.91) 
 

0 (0-1.18) 
 
 

Level of service B 0.76  
(0.48-
1.2) 

  1.43  
(0.52-3.94) 
 

  0.8 (0.48-1.34) 
 

0 (0-0.72) 
 

Level of service C-F 0.58  
(0.36-
0.94) 

  1.53  
(0.58-4.05) 
 

  0.63 (0.36-1.1) 
 

0 (0-0.43) 
 

No junction 1.1  
(0.8-
1.52) 

  2.72  
(1.5-4.95) 
 

  1.06  
(0.73-1.54) 
 

0 (0-0.44) 
 

Junction 0.49  
(0.29-
0.83) 

  1.08  
(0.32-3.63) 
 

  0.49  
(0.27-0.89) 
 

0 (0-0.79) 
 

Fitch et al. (2015) 
Truck  

Level of service A 1.14  
(0.99-
1.31) 
 

  7.84  
(5.79-10.63) 
 

23.39  
(8.77-62.38) 
 

 1.13  
(0.92-1.38) 
 

0.36  
(0.26-0.49) 
 

Level of service B 0.95  
(0.77-
1.17) 

  4.14  
(2.4-7.12) 
 

infinity (10.4-
infinity) 
 

 0.98  
(0.72-1.32) 
 

0.48  
(0.33-0.70) 
 

Level of service C-F 0.81  
(0.44-
1.48) 

  0.96  
(0.19-4.81) 
 

0.32  
(0.02-5.14) 
 

 1.95  
(0.57-6.71) 
 

0.50  
(0.22-1.12) 
 

No junction 1.2  
(1.1-
1.47) 

  7.71  
(5.88-10.11) 
 

27.78 (11.56-66.8) 
 

 1.18  
(1.0-1.4) 
 

0.44  
(0.35-0.57) 
 

Junction 0.53  
(0.35-
0.82) 

  0.39  
(0.09-1.66) 
 

None of this 
behaviour 
observed 

 0.59  
(0.33-1.08) 
 

0.51  
(0.27-0.95) 
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Table A4: Naturalistic driving studies: association between distraction and crash risk for non-mobile phone tasks 

Authors 
(year) & 
NDS 

Stratified by Overall 
distraction 

Read, 
write, use 
tablet or 
personal 
digital 
assistant 

CB radio Reach for 
other 
object (not 
mobile 
phone) 

Eat, 
drink 

Personal 
hygiene 

Interact 
with in-
vehicle 
device 
(overall) 

Interact with 
radio, 
heating, 
ventilation, 
air-
conditioning 

Interact 
with in-
vehicle 
device 
(others) 

Passenger Look at 
object 
external to 
vehicle 

Klauer et al. 
(2006) 100 
car 

N/A  Read 3.38 
(1.74-6.54) 
 

 Moving 
8.82 (2.50-
31.16) 
Non-moving  
1.38 (0.75-
2.56) 
 
 

Eat 3.13 
(1.25 
(7.87) 
Drink  
1.03 
(0.33-
3.28) 
 
 

Apply 
make-up 
3.13 (1.25 
(7.87) 
Comb hair 
0.37 (0.05-
2.65)  
Other 0.70 
(0.33-1.50) 

 Radio 0.55 
(0.13-2.22) 
 

 Adjacent 
seat 0.50 
(0.35-
0.70), rear 
seat non-
significant 
reduction 

3.70 (1.13-
12.18) 
 

Olson et al. 
(2009) Truck 

N/A  write 8.98 
(4.73-17.08) 
read  3.97 
(3.02-5.22) 
look at map 
7.02 (4.62-
10.69) 

0.55 
(0.41-
0.75) 
 

3.09 (2.75-
3.48) 
other 
electronic 
dev 6.72 
(2.74-
16.44) 
 

Eat 1.01 
(0.83-
1.21) 
Drink 
0.97 
(0.72-
1.30) 
 
 

4.48 (2.01-
9.97) 
Other 0.67 
(0.59-0.75) 

1.25 (1.06-
1.47) 
Dispatch 
device  
9.93 (7.49-
13.16) 

  0.35 (0.22-
0.55) 
 

0.54 (0.50-
0.60) 
 

Hickman et 
al. 
(2010;2012) 
Truck & bus 

N/A     1.11 
(0.97-
1.26) 

      

Dingus et al. 
(2016) 
SHRP 2 

N/A 2.0 (1.8-2.4) 
 

9.9 (3.6-
26.9) 
 

 9.1 (6.5-
12.6) 
 

Eat 1.8 
(1.1-2.9) 
Drink 1.8 
(1.0-3.3) 

1.4 (0.8-2.5) 
 

2.5 (1.8-
3.4) 
 

radio 1.9 (1.2-
3.0) Climate 
control 2.3 
(1.1-5.0) 
 

4.6 (2.9-
7.4) 
 

Adult/ teen 
1.4 (1.1-
1.8) 
 

Extended 
glance 7.1 
(4.8-10.4) 
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Authors 
(year) & 
NDS 

Stratified by Overall 
distraction 

Read, 
write, use 
tablet or 
personal 
digital 
assistant 

CB radio Reach for 
other 
object (not 
mobile 
phone) 

Eat, 
drink 

Personal 
hygiene 

Interact 
with in-
vehicle 
device 
(overall) 

Interact with 
radio, 
heating, 
ventilation, 
air-
conditioning 

Interact 
with in-
vehicle 
device 
(others) 

Passenger Look at 
object 
external to 
vehicle 

Klauer et al. 
(2014) 100 
Car 

Experienced 
drivers 

   1.19 (0.61-
2.31) 

Eat 1.26 
(0.74-
2.15) 
Drink  
0.44 
(0.16-
1.22) 

  0.53 (0.30-
0.94) 
 

0.64 (0.15-
2.65) 
 

 0.67 (0.37-
1.22) 

Klauer et al. 
(2014) NTDS 

Novice teen 
drivers 

   8.00 (3.67-
17.50) 

Eat 2.99 
(1.30-
6.91) 
Drink  
1.36 
(0.31-
5.88) 

  1.37 (0.72-
2.61) 
 

2.60 (0.89-
7.65) 
 

 3.90 (1.72-
8.81) 

Victor et al. 
(2015) SHRP 
2 

        Radio 2.3 
(rear end 
crashes and 
near-crashes); 
1.7 (near-
crashes 

   

Fitch et al. 
(2015) Truck 

Level of 
service A 

  0.48 
(0.32-
0.72) 

        

Level of 
service B 

0.52 (0.3-
0.91) 

Level of 
service C-F 

1.78 
(0.39-
8.1) 

No junction 0.56 (0.4-
0.77) 
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Authors 
(year) & 
NDS 

Stratified by Overall 
distraction 

Read, 
write, use 
tablet or 
personal 
digital 
assistant 

CB radio Reach for 
other 
object (not 
mobile 
phone) 

Eat, 
drink 

Personal 
hygiene 

Interact 
with in-
vehicle 
device 
(overall) 

Interact with 
radio, 
heating, 
ventilation, 
air-
conditioning 

Interact 
with in-
vehicle 
device 
(others) 

Passenger Look at 
object 
external to 
vehicle 

Junction 0.72 
(0.31-
1.72) 

Guo et al. 
(2016) SHRP 
2 

Age 16-20    9.07 (4.47-
18.38) 

Eat  
2.02 
(0.84-
4.87) 
Drink  
1.58 
(0.55-
4.55) 

 2.28 (1.32-
3.93) 
 

2.27 (1.26-
4.09) 
 

3.44 (1.29-
9.18) 
 

1.48 (1.01-
2.17) 
 

 

21-29 12.36 (6.08-
25.14) 

Eat  
3.46 
(1.54-
7.76) 
Drink  
3.53 
(1.20-
10.36) 

3.37 (1.84-
6.18) 
 

2.46 (1.17-
5.15) 
 

6.86 (2.68-
17.6) 
 

1.67 (1.03-
2.73) 
 

30-64 11.27 (6.21-
20.45) 

Eat  
0.32 
(0.04-
2.36) 
Drink  
1.66 
(0.51-
5.47) 

1.89 (0.84-
4.24) 
 

1.39 (0.49-
3.91) 
 

3.57 (1.05-
12.12) 
 

1.10 (0.65-
1.85) 
 

65-98 9.17 (3.91-
21.47) 

Eat  
3.43 
(1.15-

2.09 (0.92-
4.76) 
 

0.85 (0.20-
3.69) 
 

4.46 (1.64-
12.11) 
 

0.95 (0.56-
1.60) 
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Authors 
(year) & 
NDS 

Stratified by Overall 
distraction 

Read, 
write, use 
tablet or 
personal 
digital 
assistant 

CB radio Reach for 
other 
object (not 
mobile 
phone) 

Eat, 
drink 

Personal 
hygiene 

Interact 
with in-
vehicle 
device 
(overall) 

Interact with 
radio, 
heating, 
ventilation, 
air-
conditioning 

Interact 
with in-
vehicle 
device 
(others) 

Passenger Look at 
object 
external to 
vehicle 

10.20) 
Drink  
1.23 
(0.16-
9.32 

Kidd & 
McCartt 
(2015) SHRP 
2 

All crashes     1.07 
(0.78-
1.48) 

      

All exc. low 
risk tyre 
strikes 

1.73 
(1.18-
2.53) 

Severe & 
police-
reportable 

0.75 
(0.28-
2.07) 

Minor 2.14 
(1.42-
3.22) 

Low risk tyre 
strike 

0.52 
(0.28-
0.95) 
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