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Soyoung Jung, Kitae Jang, Yoonjin Yoon, Sanghyeok Kang. 
Contributing factors to vehicle to vehicle crash frequency and 
severity under rainfall. 

Introduction: This study combined vehicle to vehicle crash frequency and severity 
estimations to examine factor impacts on Wisconsin highway safety in rainy weather. 
Method: Because of data deficiency, the real-time water film depth, the car-following 
distance, and the vertical curve grade were estimated with available data sources and a 
GIS analysis to capture rainy weather conditions at the crash location and time. Using a 
negative binomial regression for crash frequency estimation, the average annual daily 
traffic per lane, the interaction between the posted speed limit change and the existence 
of an off-ramp, and the interaction between the travel lane number change and the 
pavement surface material change were found to increase the likelihood of vehicle to 
vehicle crashes under rainfall. Results: However, more average daily rainfall per month 
and a wider left shoulder were identified as factors that decrease the likelihood of vehicle 
to vehicle crashes. In the crash severity estimation using the multinomial logit model that 
outperformed the ordered logit model, the travel lane number, the interaction between 
the travel lane number and the slow grade, the deep water film, and the rear-end 
collision type were more likely to increase the likelihood of injury crashes under rainfall 
compared with crashes involving only property damage. Practical implications: As an 
exploratory data analysis, this study provides insight into potential strategies for rainy 
weather highway safety improvement, specifically, the following weather-sensitive 
strategies: road design and ITS implementation for drivers' safety awareness under 
rainfall. 

• Keywords: Vehicle to vehicle; Crash frequency and severity; Rainy weather; 
Exploratory data analysis; Weather-sensitive strategies 

Lianzhen Wang, Yulong Pei. The impact of continuous driving time 
and rest time on commercial drivers' driving performance and 
recovery. 

Problem: This real road driving study was conducted to investigate the effects of driving 
time and rest time on the driving performance and recovery of commercial coach drivers. 
Methods: Thirty-three commercial coach drivers participated in the study, and were 
divided into three groups according to driving time: (a) 2&#xa0;h, (b) 3&#xa0;h, and 
(c) 4&#xa0;h. The Stanford Sleepiness Scale (SSS) was used to assess the subjective 
fatigue level of the drivers. One-way ANOVA was employed to analyze the variation in 



driving performance. Results: The statistical analysis revealed that driving time had a 
significant effect on the subjective fatigue and driving performance measures among the 
three groups. After 2&#xa0;h of driving, both the subjective fatigue and driving 
performance measures began to deteriorate. After 4&#xa0;h of driving, all of the driving 
performance indicators changed significantly except for depth perception. A certain 
amount of rest time eliminated the negative effects of fatigue. A 15-minute rest allowed 
drivers to recover from a two-hour driving task. This needed to be prolonged to 
30&#xa0;min for driving tasks of 3 to 4&#xa0;h of continuous driving. Practical 
implications: Drivers' attention, reactions, operating ability, and perceptions are all 
affected in turn after over 2&#xa0;h of continuous driving. Drivers should take a certain 
amount of rest to recover from the fatigue effects before they continue driving. 

• Keywords: Fatigue driving; Driving performance; Commercial coach drivers; 
Driving time; Rest time 

Kristina Kowalski, Anna Jeznach, Holly Anna Tuokko. Stages of driving 
behavior change within the Transtheoretical Model (TM).  

Introduction: Many older adults voluntarily restrict their driving or stop driving of their 
own accord. Driving behavior change may occur in stages, as predicted by the 
Transtheoretical Model of Behavior Change (TM). Method: This study explored the 
process of older driver behavior change within the TM framework using interviews/focus 
groups with drivers and former drivers aged 71–94&#xa0;years. Within those groups of 
drivers, driving behavior was divided into two classes: those who changed their driving 
with age and those who did not. Those who changed their driving as they aged included 
people gradually imposing restrictions (“gradual restrictors”) and those making plans in 
anticipation of stopping driving (“preparers”). Participants who did not change their 
driving included those who employed lifelong driving restrictions (“consistent”) and those 
who made no changes (“non-changers”). Results: Preliminary support for TM within the 
driving context was found; however, further exploration of driving behavior change 
within this framework is warranted. Practical application: It is important to continue to 
investigate the factors that might influence driving behavior in older adults. By promoting 
self-regulation in individuals, it may be possible to help older adults continue to drive, 
thereby improving older adult's mobility and quality of life. 

• Keywords: Older drivers; Qualitative analysis; Self-regulation; Driving 
restrictions; Driving cessation 

Aurélie Dommes, Viola Cavallo, Jean-Baptiste Dubuisson, Isabelle 
Tournier, Fabrice Vienne. Crossing a two-way street : comparison of 
young and old pedestrians.  

Introduction: Choosing a safe gap in which to cross a two-way street is a complex task 
and only few experiments have investigated age-specific difficulties. Method: A total of 
18 young (age 19–35), 28 younger-old (age 62–71) and 38 older-old (age 72–
85&#xa0;years) adults participated in a simulated street-crossing experiment in which 
vehicle approach speed and available time gaps were varied. The safe and controlled 
simulated environment allowed participants to perform a real walk across an 
experimental two-way street. The differences between the results for the two lanes are of 
particular interest to the study of visual exploration and crossing behaviors. Results: The 
results showed that old participants crossed more slowly, adopted smaller safety 
margins, and made more decisions that led to collisions than did young participants. 
These difficulties were found particularly when vehicles approached in the far lane, or 
rapidly. Whereas young participants considered the time gaps available in both lanes to 
decide whether to cross the street, old participants made their decisions mainly on the 
basis of the gap available in the near lane while neglecting the far lane. Conclusions: The 
present results point to attentional deficits as well as physical limitations in older 



pedestrians. Several practical and have implications in terms of road design and 
pedestrian training are proposed. 

• Keywords: Street-crossing; Aging; Virtual environment 

Scott V. Masten, Gloriam Vanine Guenzburger. Changes in driver 
cannabinoid prevalence in 12 U.S. states after implementing medical 
marijuana laws.  

Objective: To determine if cannabinoid prevalence increased among fatal-crash-involved 
drivers in 12 U.S. states after implementing medical marijuana laws. Methods: Time 
series analyses of 1992 to 2009 driver cannabinoid prevalence from the Fatality Analysis 
Reporting System. Results: Increased driver cannabinoid prevalence associated with 
implementing medical marijuana laws was detected in only three states: California, with 
a 2.1 percentage-point increase in the percentage of all fatal-crash-involved drivers who 
tested positive for cannabinoids (1.1% pre vs. 3.2% post) and a 5.7 percentage-point 
increase (1.8% vs. 7.5%) among fatally-injured drivers; Hawaii, with a 6.0 percentage-
point increase (2.5 vs. 8.5) for all drivers and a 9.6 percentage-point increase (4.9% vs. 
14.4%) among fatally-injured drivers; and Washington, with a 3.4 percentage-point 
increase (0.7% vs. 4.1%) for all drivers and a 4.6 percentage-point increase (1.1% vs. 
5.7%) among fatally-injured drivers. Changes in prevalence were not associated with the 
ease of marijuana access afforded by the laws. Discussion: Increased prevalence of 
cannabinoids among drivers involved in fatal crashes was only detected in a minority of 
the states that implemented medical marijuana laws. The observed increases were one-
time changes in the prevalence levels, rather than upward trends, suggesting that these 
laws may indeed provide marijuana access to a stable population of patients as intended, 
without increasing the numbers of new users over time. Although this study provides 
some insight into the potential impact of these laws on public safety, differences between 
states in drug testing practices and regularity, along with the fairly recent 
implementation of most medical marijuana laws, suggest that the long-term impact of 
these laws may not yet be known. Practical applications: It is recommended that 
nationwide standardization of drug testing procedures and criteria be considered to 
improve the consistency of testing both between and within jurisdictions. 

• Keywords: Medical marijuana laws; Cannabinoids; Drugged driving; Prevalence; 
United States 

Sukhvir S. Brar. Estimating the over-involvement of suspended, revoked, 
and unlicensed drivers as at-fault drivers in California fatal crashes.  

Introduction and Method: Quasi-induced exposure analysis was used to estimate annual 
fatal crash involvement rates for validly licensed, suspended or revoked (S/R), and 
unlicensed drivers in California from 1987 through 2009 using fatal crash data obtained 
from the National Highway Traffic Safety Administration's Fatality Analysis Reporting 
System and crash culpability determinations from the California Highway Patrol's 
Statewide Integrated Traffic Records System.Results: Although there was some year-to-
year fluctuation in the annual estimates, S/R and unlicensed drivers were over-involved 
as at-fault drivers in fatal crashes during every year of the 23-year time period relative 
to validly licensed drivers. The fatal crash involvement ratios combined across all years 
were 0.86 for validly licensed drivers, 2.23 for S/R drivers, and 2.34 for unlicensed 
drivers. Hence, compared to validly licensed drivers, the odds of being at-fault for a fatal 
crash were 160% higher for S/R drivers (involvement ratio&#xa0;=&#xa0;2.60) and 
173% higher for unlicensed drivers (involvement ratio&#xa0;=&#xa0;2.73). The excess 
risks of S/R and unlicensed drivers are somewhat lower than estimates found in a prior 
study using the same technique, but the results nonetheless provide evidence that S/R 
and unlicensed drivers are much more hazardous on the road than are validly licensed 
drivers and emphasize the importance of using strong countermeasures—including 



vehicle impoundment—to reduce their high crash risk. These findings support 
interventions to help reduce driving among S/R and unlicensed drivers. 

• Keywords: Quasi-induced exposure; Suspended/revoked drivers; Unlicensed 
drivers; Fatal crash rates; California 

Ellen De Pauw, Stijn Daniels, Tom Brijs, Elke Hermans, Geert Wets. To 
brake or to accelerate? : safety effects of combined speed and red light 
cameras.  

Introduction: The present study evaluates the traffic safety effect of combined speed and 
red light cameras at 253 signalized intersections in Flanders, Belgium that were installed 
between 2002 and 2007. Method: The adopted approach is a before-and-after study with 
control for the trend. Results: The analyses showed a non-significant increase of 5% in 
the number of injury crashes. An almost significant decrease of 14% was found for the 
more severe crashes. The number of rear-end crashes turned out to have increased 
significantly (+&#xa0;44%), whereas a non-significant decrease (−&#xa0;6%) was 
found in the number of side crashes. The decrease for the severe crashes was mainly 
attributable to the effect on side crashes, for which a significant decrease of 24% was 
found. Practical Applications: It is concluded that combined speed and red light cameras 
have a favorable effect on traffic safety, in particular on severe crashes. However, future 
research should examine the circumstances of rear-end crashes and how this increase 
can be managed. 

• Keywords: Before-and-after study; Effectiveness; Rear-end crash; Side crash; 
Speed and red light camera 

Sean Tucker, Dayle Diekrager, Nick Turner, E. Kevin Kelloway. Work-
related injury underreporting among young workers : prevalence, 
gender differences, and explanations for underreporting.  

Introduction: Although notifying an employer of a lost-time work-related injury is a legal 
requirement in many jurisdictions, employees frequently do not report such injuries. 
Method: Based on data from 21,345 young part-time Canadian workers (55% male), we 
found that 21% of respondents had experienced at least one lost-time injury, with about 
half reporting the injury to an employer and a doctor. Results: Respondents provided 10 
reasons for avoiding reporting lost-time injuries, with perceived low severity of the 
injury, negative reactions of others, and ambiguity about whether work caused the injury 
as the most common ones. Additional analysis of these categories revealed that young 
males cited concern about their self-identity as a reason for not reporting an injury more 
often than young females did. We discuss the findings in terms of implications for 
management practice (i.e., educating young workers about accurate injury reporting) 
and public policy. Practical applications: Targeted campaigns should be developed for 
young workers, especially young male workers, who are less likely to report injuries than 
young female workers, to understand the importance of and to encourage injury 
reporting. 

• Keywords: Underreporting; Workplace injuries; Young workers 

Sigal Kaplan, Konstantinos Vavatsoulas, Carlo Giacomo Prato. 
Aggravating and mitigating factors associated with cyclist injury severity 
in Denmark. 

Introduction: Denmark is one of the leading cycling nations, where cycling trips 
constitute a large share of the total trips, and cycling safety assumes a top priority 
position in the agenda of policy makers. The current study sheds light on the aggravating 



and mitigating factors associated with cyclist injury severity on Danish roads by 
examining a comprehensive set of accidents involving a cyclist and a collision partner 
between 2007 and 2011. Method: This study estimates a generalized ordered logit model 
of the severity of cyclist injuries because of its ability to accommodate the ordered-
response nature of severity while relaxing the proportional odds assumption. Results: 
Model estimates show that cyclist fragility (children under 10&#xa0;years old and elderly 
cyclists over 60&#xa0;years of age) and cyclist intoxication are aggravating individual 
factors, while helmet use is a mitigating factor. Speed limits above 70–80&#xa0;km/h, 
slippery road surface, and location of the crash on road sections are aggravating 
infrastructure factors, while the availability of cycling paths and dense urban 
development are mitigating factors. Heavy vehicle involvement and conflicts between 
cyclists going straight or turning left and other vehicles going straight are aggravating 
vehicle involvement factors. Practical applications: The results are discussed in the 
context of applied policies, engineering, and traffic management solutions for bicycle 
safety in Denmark. 

• Keywords: Cycling accidents; Cyclist injury severity; Cyclist behavior; 
Generalized ordered logit 

Liz de Rome, Lauren Meredith, Rebecca Ivers, Julie Brown. Validation of 
the principles of injury risk zones for motorcycle protective clothing.  

Introduction: The distributions of motorcycle crash impacts and injuries were compared 
to the four impact risk zones and protective performance specified in the European 
Standard for motorcycle clothing (EN 13595). Methods: Crashed motorcyclists' 
(n&#xa0;=&#xa0;117) injuries and clothing damage were categorized by body area into 
the four risk zones. Three levels of protection were defined: protective clothing with 
impact protection, protective clothing only and non-protective clothing. Results: The 
distribution of impact/injury sites corresponded to the predictions of EN 13595, with the 
proportion of all injuries decreasing from 43.9% in Zone 1, to 18.0%, 16.7%, and 11.5% 
in Zones 2 to 4, respectively. Protective clothing modified the distribution of injuries with 
substantially more injuries (OR&#xa0;=&#xa0;2.69, 95% CL: 20.1–3.59) at unprotected 
impact sites. Practical application: These findings support an appropriate framework for 
determining performance specifications for the manufacture of motorcycle clothing that 
will effectively reduce the risk of injury in crashes. 

• Keywords: Protective clothing; Injury; Standards; Rider; Motorcycle 

Martin Lebeau, Patrice Duguay, Alexandre Boucher. Costs of 
occupational injuries and diseases in Québec.  

Problem: Occupational injuries and diseases are costly for companies and for society as a 
whole. This study estimates the overall costs of occupational injuries and diseases in 
Québec, both human and financial, during the period from 2005 to 2007. Method: The 
human capital method is used to estimate lost productivity. A health indicator (DALY) is 
used in combination with a value of statistical life (VSL) to estimate, in monetary terms, 
the pain and suffering costs resulting from occupational injuries. Results: The costs of 
occupational injuries and diseases occurring in a single year in Québec are estimated at 
$4.62&#xa0;billion, on average, for the 2005–2007 period. Of this amount, 
approximately $1.78&#xa0;billion is allocated to financial costs and $2.84&#xa0;billion 
to human costs. The average cost per case is $38,355. In view of the limitations 
identified in the study, it can be argued that this is an underestimation of the costs. 
Result analysis allows the injury/disease descriptors and industries for which the costs 
are highest to be identified. Practical applications: The results of these estimates are a 
relevant source of information for helping to determine research directions in OHS and 
prevention. The methodology used can be replicated for the purposes of estimating the 
costs of injuries and diseases in other populations. 



• Keywords: Burden; Work; Injuries; Value of a statistical life; Human capital 

Sheila T.D. Cordazzo, Charles T. Scialfa, Katherine Bubric, Rachel Jones 
Ross. The Driver Behaviour Questionnaire : a North American analysis.  

Introduction: The Driver Behaviour Questionnaire (DBQ), originally developed in Britain 
by Reason et al. [Reason, J., Manstead, A., Stradling, S., Baxter, J., &amp; Campbell, K. 
(1990). Errors and violations on the road: A real distinction? Ergonomics, 33, 1315–
1332] is one of the most widely used instruments for measuring driver behaviors linked 
to collision risk. Method: The goals of the study were to adapt the DBQ for a North 
American driving population, assess the component structure of the items, and to 
determine whether scores on the DBQ could predict self-reported traffic collisions. 
Results: Of the original Reason et al. items, our data indicate a two-component solution 
involving errors and violations. Evidence for a Lapses component was not found. The 20 
items most closely resembling those of Parker et al. [Parker, D., Reason, J. T., Manstead, 
A. S. R., &amp; Stradling, S. G. (1995). Driving errors, driving violations and accident 
involvement. Ergonomics, 38, 1036–1048] yielded a solution with 3 orthogonal 
components that reflect errors, lapses, and violations. Although violations and Lapses 
were positively and significantly correlated with self-reported collision involvement, the 
classification accuracy of the resulting models was quite poor. Practical applications: A 
North American DBQ has the same component structure as reported previously, but has 
limited ability to predict self-reported collisions. 

• Keywords: Lapses; Errors; Violations; Driver behavior; Collisions 

Deo Chimba, Boniphace Kutela. Scanning secondary derived crashes 
from disabled and abandoned vehicle incidents on uninterrupted flow 
highways.  

Introduction: Extent of secondary crashes derived from primary incidents involving 
abandoned and disabled vehicles are presented in this paper. Method: Using years 2004 
to 2010 incident and crash data on selected Tennessee freeways, the study identified 
secondary crashes that resulted from disabled and abandoned vehicle primary incidents. 
The relationship between time and distance gaps before the secondary crash with respect 
to individual incident characteristics were evaluated through descriptive statistics and 
linear regression. Results: The time and distance gap analysis indicated that a large 
portion of secondary crashes occurred within 20&#xa0;min after the primary incidents 
and within a distance of 0.5&#xa0;miles upstream. While 76% of incidents involved 
shoulder, most secondary crashes were related to the closing of right lanes. Overall, 58% 
of the secondary crashes occurred within 30&#xa0;min after the occurrence of the 
primary incidents. Most of the vehicles in the incidents that involved towing and caused 
secondary crashes were towed or removed out of the travel way within 60&#xa0;min 
from the time of occurrence. The study found that most (95%) secondary crashes were 
property damage only (PDO), while 49% were rear-end crashes. The negative binomial 
model was used to evaluate the impact of roadway geometry and traffic factors 
associated with frequency of these secondary crashes. It was found that the posted 
speed limit, congested segments, segments with high percentages of trucks, and peak 
hour volumes increased the likelihood of secondary crash occurrence. Roadway segments 
with wider medians, shoulders, and multilanes decrease the likelihood of secondary 
crashes caused by abandoned and disabled vehicles as the primary incidents. Practical 
applications: The paper recommends that wider shoulders be provided on any section of 
freeway to accommodate abandoned or disabled vehicles to avoid blocking of travel 
lane(s). 

• Keywords: Incident; Crash; Secondary; Abandoned; Disabled 



Allan F. Williams, Stephen L. Oesch, Anne T. McCartt, Eric R. Teoh, Laurel 
B. Sims. On-road all-terrain vehicle (ATV) fatalities in the United States.  

Background´: The study was designed to describe the characteristics of all-terrain 
vehicle (ATV) rider fatalities and fatal crashes involving ATVs that occur on public roads. 
Methods: Information on fatal crashes occurring on public roads during the years 2007–
2011 was obtained from the Fatality Analysis Reporting System (FARS). Results: There 
were 1,701 ATV rider deaths during the 5-year study period, including 1,482 drivers, 210 
passengers, and 9 with unknown rider status. An additional 19 non-ATV occupants, 
primarily motorcyclists, died in crashes with ATVs. About half of the ATV passenger 
deaths were teenagers or younger, and the majority of passenger deaths were female. 
Ninety percent of the fatally injured drivers were 16 or older, and 90% were male. The 
crashes were most likely to occur in relatively rural states, and in rural areas within 
states. Only 13% of drivers and 6% of passengers killed wore helmets. Forty-three 
percent of the fatally injured drivers had blood alcohol concentrations (BACs) of 0.08% or 
greater. Seventy-five percent of the fatal crashes involved single ATVs; 5% involved 
multiple ATVs but no non-ATV vehicles, and 20% involved ATVs and non-ATVs, usually 
passenger vehicles. Speeding was reported by police as a contributing factor in the crash 
for 42% of ATV drivers in single-vehicle crashes and 19% of ATV drivers in multiple-
vehicle crashes. Practical applications: Although ATVs are designed exclusively for off-
road use, many ATV occupant deaths occur on roads, despite most states having laws 
prohibiting many types of on-road use. Attention needs to be given to ways to reduce 
these deaths. 

• Keywords: All-terrain vehicles; Fatalities; Alcohol-impaired driving; Rollover; 
Helmet use 

Eric A. Chapman, Scott V. Masten, Kelly K. Browning. Crash and traffic 
violation rates before and after licensure for novice California drivers 
subject to different driver licensing requirements.  

Introduction: How do crash and traffic violation rates for novice 16–17-year-old drivers 
change over the months before and after licensure under a graduated driver licensing 
(GDL) program relative to those for older novices who are not subject to GDL? Method: 
Plots and Poisson regression comparing overall rates and subtypes of crashes and traffic 
violations among California novice drivers ages 16 to 35&#xa0;years over time before 
and after unsupervised licensure. Results: Majorities of 16-year-olds (57%) and 17-year-
olds (73%) actually hold their learner permits longer than the required 6&#xa0;months; 
majorities (67%–81%) of age 18 or older novices hold their learner permits less than 
6&#xa0;months. Crash rates of novice 16- and 17-year-olds—as well as most other age 
groups—are highest almost immediately after they are licensed to drive unsupervised, 
after which their rates decline quickly during their first year of licensure and at a slower 
rate for the second and third years. Novice 16- and 17-year-olds' traffic violation rates 
reach their zenith long after their total crash rates peak and decline, whereas violation 
rates for older novices peak during their first year of licensure. Over 70% of 16- and 17-
year-old novices are crash-free for the first 3&#xa0;years of licensure. Conclusions: 
While novice 16- and 17-year-olds' highest crash rates occur almost immediately after 
they are licensed, their peak traffic violation rates are delayed until around the time they 
turn age 18. Both pre-licensure crash rates and post-licensure crash peaks were more 
pronounced for some older age groups of novices than was the case for 16–17-year-olds. 
Practical Applications: Extending learner permit holding periods for 16–17-year-old 
novices appears consistent with their actual behavior; requiring older novices—
particularly those ages 18 to 20—to hold permits for minimum periods may reduce their 
initial crash rates. 

• Keywords: GDL; Graduated driver licensing; Novice drivers; Crashes; Traffic 
violations 



Julie Gilchrist, Erin M. Parker. Racial and ethnic disparities in fatal 
unintentional drowning among persons less than 30&#xa0;years of age : 
United States, 1999–2010.  

Background: In the U.S., almost 4,000 persons die from drowning annually. Among 
those 0–29&#xa0;years, drowning is in the top three causes of unintentional injury 
death. Methods: To describe racial/ethnic differences in drowning rates by age of 
decedent and drowning setting, CDC analyzed 12&#xa0;years of mortality data from 
1999 through 2010 for those ≤&#xa0;29&#xa0;years. Results: Compared to whites, 
American Indians/Alaska Natives were twice, and blacks were 1.4 times, as likely to 
drown. Disparities were greatest in swimming pool settings, with drowning rates among 
blacks aged 5–19&#xa0;years 5.5 times higher than those among whites. Conclusions: 
Drowning rates for black children and teens are higher than those of other 
race/ethnicities, especially in swimming pools. Practical application: The practicality and 
effectiveness of current drowning prevention strategies varies by setting; however, basic 
swimming skills can be beneficial across all settings and may help reduce racial 
disparities. 

• Keywords: Swimming pool; Natural water; Children; Young adults 


