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Problem: Previous research have focused extensively on crashes, however near crashes provide additional
data on driver errors leading to critical events as well as evasive maneuvers employed to avoid crashes.
The Strategic Highway Research Program 2 (SHRP2) Naturalistic Driving Study contains extensive data on
real world driving and offers a reliable methodology to study near crashes. The current study utilized the
SHRP2 database to compare the rate and characteristics associated with near crashes among risky drivers.
Methods: A subset from the SHRP2 database consisting of 4,818 near crashes for teen (16-19 yrs), young
adult (20-24 yrs), adult (35-54 yrs), and older (70+ yrs) drivers was used. Near crashes were classified
into seven incident types: rear-end, road departure, intersection, head-on, side-swipe, pedestrian/cyclist,
and animal. Near crash rates, incident type, secondary tasks, and evasive maneuvers were compared
across age groups. For rear-end near crashes, near crash severity, max deceleration, and time-to-
collision at braking were compared across age. Results: Near crash rates significantly decreased with
increasing age (p<0.05). Young drivers exhibited greater rear-end (p<0.05) and road departure
(p < 0.05) near crashes compared to adult and older drivers. Intersection near crashes were the most com-
mon incident type among older drivers. Evasive maneuver type did not significantly vary across age
groups. Near crashes exhibited a longer time-to-collision at braking (p < 0.01) compared to crashes.
Summary: These data demonstrate increased total near crash rates among young drivers relative to adult
and older drivers. Prevalence of specific near crash types also differed across age groups. Timely execu-
tion of evasive maneuvers was a distinguishing factor between crashes or near crashes. Practical
Applications: These data can be used to develop more targeted driver training programs and help OEMs
optimize ADAS to address the most common errors exhibited by risky drivers.

© 2020 National Safety Council and Elsevier Ltd. All rights reserved.

1. Introduction

Disproportionately represented among motor-vehicle fatalities
are risky drivers, specifically young and older drivers (IIHS,

Motor-vehicle crashes continue to be a significant problem in
the United States and worldwide. While the National Center for
Statistics and Analysis (NCSA) found a decrease in the number
and rate of fatal crashes in 2017 and the first half of 2018 (NCSA,
2018a, 2018b), bringing the United States out of a multi-year
increase in fatal crashes, motor-vehicle crashes remain a leading
cause of death for those 65 years and younger as well as the second
leading cause of unintentional injury-related deaths (Webb, 2018).
Globally, road traffic fatalities remain a leading cause of death, par-
ticularly among low to middle-income countries (WHO, 2015).
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2018a). Previous research has suggested that inexperience and skill
deficits among young drivers (McKnight & McKnight, 2003; White
and Caird, 2010; Curry et al., 2011; McDonald, 2013, McDonald
Curry, Kandadai, Sommers, & Winston, 2014; Montgomery,
Kusano, & Gabler, 2014; Loeb, Kandadai, McDonald, & Winston,
2015; McGehee et al., 2016) and degrading health and motor skills
among older drivers (Braitman, Kirley, Chaudhary, & Ferguson,
2007; Callaghan, Holland, & Kessler, 2017; Conlon, Power, Hine,
& Rahaley, 2017; Owsley, McGwin, & Ball, 1998; Oxley, Charlton,
Koppel, Scully, & Fildes, 2005) contribute to their increased crash
rate. However, it is important to recognize that crashes alone do
not tell the whole story. Near crashes - events where the driver
executes an evasive maneuver to avoid a collision or road
departure - are also important to fully understand the contributing
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factors and crash avoidance mechanisms that differentiate which
driving errors result in crashes or near crashes.

Some previous small-scale naturalistic studies have combined
crashes and near crashes into safety critical events (Farmer et al.,
2015; Guo et al., 2013; Simons-Morton et al., 2011a, 2011b). While
the use of near crashes as a proxy for crashes has been shown to
increase the precision of odds ratio estimates and allow for statis-
tically significant estimations that would not be possible with the
analysis of crashes alone, significant differences in the number of
contributing factors for lead vehicle conflicts have also been found
between crashes and near crashes (Guo et al., 2010). Furthermore,
the validity of linking safety critical events, such as near crashes, to
more severe crashes has been called into question, particularly
given that crashes are typically defined by consequences such as
fatality, injury, and property damage, whereas near crashes are
defined by driver maneuvers (Knipling, 2015). Previous large truck
naturalistic driving studies have shown significant differences in
evasive maneuver presence and crash type between severe crashes
and safety critical events (Hickman et al., 2005). Consequently,
there is a need to study near crashes in isolation and compare their
characteristics to those of crashes. Additionally, near crashes may
differ in frequency, incident type, driver behavior, crash avoidance
mechanisms, or vehicle dynamics among risky drivers. Therefore,
there is also a need to study the characteristics of near crashes
among risky driving groups to inform more targeted, driver-
specific interventions.

Given that near crashes are not police-reported nor quantified
in archival databases, naturalistic driving studies represent one
of the only methods for reliably studying near crashes. Several pre-
vious studies have conducted small scale naturalistic evaluations
of near crashes. Results from the 100-Car Study reported increased
near crash incidence rates among the youngest three age groups
compared to older drivers (Dingus, Klauer, & Neale, 2006).
Simons-Morton, Ouimet, and Zhang, (2011) compared crashes,
near crashes, and risky driving events between 42 adolescent-
parent driver dyads over 18-months and found that adolescents
exhibited nearly four-times greater crash/near crash incidence
rate, and five-times greater incidence rate ratio for risky driving,
than their parents. While these studies provide valuable data on
the incidence of near crashes, a larger more comprehensive natu-
ralistic driving study, inclusive of both younger teen drivers and
older drivers, is needed to ensure these findings are generalizable.

The Strategic Highway Research Program 2 (SHRP2) Naturalistic
Driving Study (NDS) contains extensive data on real world driving
and offers a reliable methodology to quantify and study near
crashes. The current study utilized the SHRP2 database to compare
the rate, type, evasive maneuvers, and secondary tasks associated
with near crashes among risky drivers. Our previous SHRP2
research studied near crashes among young drivers (Seacrist
et al., 2018), illustrating that young drivers exhibited increased
incidence of near crashes, but utilized similar crash avoidance
mechanisms compared to adult drivers. The current study expands
this work to include older drivers as well as an additional 3,000+
events among young and adult drivers released as part of the
August 2017 SHRP2 NDS update.

2. Methods

This study protocol was approved by the Institutional Review
Board at the Children’s Hospital of Philadelphia.

2.1. SHRP2 dataset

A subset of the SHRP2 NDS data set was obtained via a data use
license with the Virginia Tech Transportation Institute (VTTI).

Scene videos, event narratives, secondary tasks, incident type, eva-
sive maneuvers, and times series data pre- and post-event includ-
ing vehicle velocity and radar data were obtained for all crash
(n=1,317) and near crash (n =4,818) events previously identified
by VTTI for four groups: teens (16-19 yrs), young adults (20-24
yrs), adults (35-54 yrs), and older adults (70+ yrs). All participants
were independent drivers; no learner stage (supervised) drivers
were included in the SHRP2 NDS. Time series data ranged from
20 s prior to 10 s post event and were collected at 10 Hz. Trip dis-
tance - computed by VTTI by integrating the recorded vehicle
speed during each trip - was obtained for all trips for the four
age groups.

2.2. Data processing

Near crash events were previously identified by VTTI based on
elevated vehicle acceleration and/or yaw rate and verified by 2
video coders (Hankey et al., 2016). In this study, near crashes were
defined as events where the instrumented vehicle or other vehicle,
pedestrian, cyclist, or animal executed an evasive maneuver to
avoid a collision or departing the roadway, where the instru-
mented vehicle was at-fault (Simons-Morton et al., 2011a). At-
fault was defined as an event where the driver of the subject vehi-
cle committed an obvious error that led to the near crash (e.g., ille-
gal vehicle maneuvers and distracted driving). Non-fault was
defined as an event where the driver of another vehicle, pedestrian,
or cyclist committed an obvious error or the sudden appearance of
an animal/object resulted in a near crash (e.g., illegal vehicle
maneuvers and the sudden appearance of a deer). Fault was deter-
mined based on VTTI classifications and confirmed based on scene
video and event narrative review.

Near crashes were classified into seven incident types — (1)
rear-ends, (2) road departures, (3) intersections, (4) side-swipe,
(5) head-on, (6) animal, and (7) pedestrian/cyclist — by two inde-
pendent coders based on scene video and event narrative review.
Discrepancies were reconciled by the study team.

Secondary tasks preceding crashes and near crashes were previ-
ously logged by VTTI based on the interior cabin videos; these tasks
were grouped into six secondary task categories:

(1) Cell Phone - talking, texting, or using an app

(2) Distraction (internal) - eating/drinking, adjusting radio,
tending to objects, hygiene

(3) Distraction (external) - looking at objects outside of the
vehicle

(4) None

(5) Passenger interaction - talking or looking at passengers

(6) Singing/talking - soliloquies, singing, dancing

Evasive maneuvers occurring during crash and near crash
events were previously logged by VTTI; these maneuvers were
grouped into five categories: (1) braked, (2) braked & steered, (3)
steered, (4) other, (5) none.

Miles driven was computed by summing the recorded trip dis-
tance for all trips within each age group. Near crash rates were
computed as the number of at-fault near crashes per million miles
driven for each age group. Non-fault near crashes as well as minor
near crashes with small animals, curbs, or traffic cones were
excluded. The near crash rate ratio was computed as the ratio of
the near crash rate of teen, young adult, and older drivers to adult
drivers. Crash rates among young adults were calculated similarly,
using previously established methods (Seacrist et al., 2016, 2018).

To compare the total number of at-fault critical events across
age, crashes and near crashes within each cohort were combined
and redefined as critical events. A critical event rate ratio was com-
puted for teens and young adults compared to experienced adults.
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To determine whether a particular age group was more effective at
avoiding crashes when encountering critical events, a Near Crash-
to-Crash rate ratio was compared between the four cohorts. A
higher ratio indicated better crash avoidance when encountering
a critical event.

Time series data for rear-end near crashes were imported into
MATLAB 2017a (Mathworks, Inc.) for further processing. These
time series logs were processed to extract relevant data such as
max deceleration, braking timestamp, as well as the distance head-
way, relative velocity, and time-to-collision at the braking times-
tamp. The braking timestamp was extracted by identifying the
time at which the largest difference in peaks occurred in the accel-
eration data. This method allowed for the extraction of the point at
which the brakes were applied before the near crash. This times-
tamp was then verified for accuracy by video coders. Radar data
used to derive distance headway and relative velocity at braking.

Radar data were only available at the braking timestamp for a
subset of rear-end near crash events (n=1278). An additional 81
events were removed from the analysis due to inaccurate radar
data, yielding a total radar data set of 1,197 rear end near crashes.
Relative velocity and distance headway at the braking timestamp
were used to calculate time-to-collision at braking. Near crash
severity was defined as the constant deceleration necessary to
avoid a crash. Near crash severity was derived from basic kinemat-
ics and calculated using Eq. (1):

AV?

Near Crash Severity = AKX (1)

where AV is relative velocity and AX is distance headway at the
braking timestamp.

2.3. Statistical analysis

The Type I error rate was held at 0.05 for each test. Near crash
and critical event rates were compared using Stata 15 statistical
software; teen, young adult, and experienced adult rates were
compared using the ratio of the Poisson 95% confidence intervals,
along with Benjamini & Hochberg’s method of controlling the false
discovery rate. Statistical analysis on incident type, secondary
tasks, evasive maneuvers, and rear-end near crash time series data
were conducted in SPSS 25 (IBM Statistics, Inc.). A Pearson’s chi-
square test was used to compare near crash secondary tasks and
evasive maneuvers between the four age groups. Pairwise Propor-
tions tests with a Bonferroni correction were applied for a post-hoc
comparison of significant chi-square test results. Given the rela-
tively small number of animal, head-on, and side-swipe events,
these were combined into an “Other” category for statistical
analysis.

Shapiro-Wilk’s tests of normality were conducted on rear-end
near crash severity, maximum deceleration, and time-to-
collision. These data were not normally distributed; therefore the
variables were compared by age groups using Kruskal-Wallis test
by ranks. Post-hoc pairwise significance was determined using
Bonferroni corrected criteria.

For comparison between crashes and near crashes, secondary
tasks and evasive maneuvers were re-categorized into a binary
variable (present vs. not present). Crash events were combined
among the four cohorts. Similarly, near crash events among the
four cohorts were combined. The presence of secondary tasks
and evasive maneuvers between crashes and near crashes was
compared using Pearson’s chi-square tests and logistic regression.
Time-to-collision was compared between crashes (n = 23) and near
crashes (n=853) that had both a secondary task and evasive
maneuver as well as reliable radar data. Time-to-collision between

crashes and near crashes were compared using a Wilcoxon Rank-
Sum test.

3. Results
3.1. Near crash and critical event rates

Filtering near crash events based on driver fault and severity
yielded a total of 2,916 near crashes among the four age groups
(teens =779, young adults=1206, adults=583, older
adults = 348). These events were further classified into the seven
aforementioned crash types. Near crash rates per million miles dri-
ven for each near crash incident type are listed in Table 1.

Overall near crash rate (p < 0.01) as well as rear-end near crash
rate (p <0.01) significantly differed across all age groups. Teens
(p<0.01) exhibited a significantly greater road departure near
crash rate compared to all other age groups. Young adults
(p <0.05) also exhibited elevated road departure near crash rate
than adult and older adults. Older drivers exhibited an elevated
inter-section near crash rate compared to young adults (p < 0.05).
Young adults exhibited an elevated side-swipe near crash rate
compared to teens (p < 0.05) and older adults (p < 0.05).

Critical event rates, near crash-to-crash ratios, and critical event
ratios are listed in Table 2. Teens exhibited a significantly greater
critical event rate (p < 0.01) compared to all other ages. Similarly,
young adults (p <0.01) exhibited a significantly greater critical
event rate compared to adults and older drivers. No differences
were found in critical event rate between adults and older drivers
(p =0.15), however the older driver near crash-to-crash ratio indi-
cated that a substantially greater proportion of these events
resulted in crashes. Teens and young adults also exhibited lower
near crash-to-crash ratios compared to adults, indicating that a lar-
ger proportion of critical events resulted in crashes as opposed to
near crashes. Teens and young adults were 2.0 and 1.6 times as
likely to encounter a critical event compared to adults,
respectively.

3.2. Near crash characteristics

The distribution of secondary tasks performed by drivers during
near crashes for the four age groups is shown in Fig. 1. Secondary
tasks were performed in 68% of near crashes. The most common
secondary task category was “none” followed by “distraction (in-
ternal)” for all age groups. Results of the Pearson’s chi-square test
revealed a significant association between secondary task type and
age group (2 =180, p < 0.01). Cell phone use significantly differed
across all age groups (p < 0.05), with young adults having the high-
est percentage of near crashes with cell phone use, whereas older
adults had the lowest percentage of near crashes with cell phone
use. Older adults had a significantly higher percentage of near
crashes with external distractions compared to the other three
age groups (p < 0.05). Older adults had a significantly higher per-
centage of near crashes with no distraction (p < 0.05) compared
to the other three age groups. Adults also exhibited a higher per-
centage of near crashes with no distraction compared to teens
(p <0.05) and young adults (p < 0.05). Teens exhibited a signifi-
cantly greater percentage of near crashes involving passenger
interaction compared to young adults (p <0.05). Finally, adults
and older adults exhibited a significantly lower percentage of near
crashes involving singing/talking (p < 0.05) compared to teens and
young adults.

The distribution of evasive maneuvers performed by drivers
during near crashes for the four age groups is shown in Fig. 2. Brak-
ing (73%) followed by a combination of braking and steering (23%)
were the most common evasive maneuvers used to avoid near
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At-Fault Near Crash Rates per Million Miles Driven.

Group Age Range  Miles Driven  Near Crash  Rear End Road Departure Inter-section  Side Swipe Head-On  Animal Pedestrian/Cyclist
Teen 16-19 4,205,474 185.2YA0 147.4YA0  12.6YA0 11.4 5.7" 1.7 14 24
Young Adult  20-24 7,691,129 156.8"40 1255140 51TA0 9.5° 10.0"° 1.2 0.3 3.5
Adult 35-54 5,651,315 103.2"0 72,510 2.5TY 11.9 8.0 0.5 0.2 5.1
Older Adult 70-99 4,766,699 73.00A 42.8TA 1.9™Y 14.7¥ 5.7" 0.2 0.2 4.0

T p<0.05, compared to Teens.

Y p<0.05, compared to Young Adults.

A p<0.05, compared to Adults.

O p<0.05, compared to Older Adults.

Table 2
Crash, Near Crash, and Critical Event Rates Per Million Miles Driven.
Group Age Range Miles Driven Crash Rate Near Crash Rate Near Crash-to-Crash Ratio Critical Event Rate Critical Event Ratio
(years)

Teen 16-19 4,205,474 23.5 185.2YA0 7.9 208.8¥"0 2.0
Young Adults 20-24 7,691,129 17.9 156.8740 8.8 174.7"A0 1.6
Adult 35-54 5,651,315 3.9 103.2"0 24.5 107.174 1.0
Older Adult 70-99 4,766,699 23.1 73.0"YA 32 96.1"" 0.9

T p<0.05, compared to Teens.

Y p<0.05, compared to Young Adults.

A p<0.05, compared to Adults.

o
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Fig. 1. Secondary tasks performed by drivers prior to near crashes.
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Fig. 2. Distribution of evasive maneuvers by age group.

crashes. Results of the Pearson’s chi-square test revealed a signifi-
cant association between evasive maneuver type and age group
(x? =31, p<0.01). However, post-hoc proportions tests did not find
significant differences in specific evasive maneuver types across
age groups.

Mean + standard error (SE) for maximum deceleration, near
crash severity, and time-to-collision at braking are listed in Table 3.
Maximum deceleration (p <0.01), near crash severity (p <0.01),
and time-to-collision at braking (p <0.01) significantly differed
across age groups. Specifically, older adults had significantly
greater maximum deceleration compared to all other age groups
(p<0.01). Young adults also exhibited a significantly lower
(p <0.01) max deceleration compared to teens. Older adults also
had significantly higher near crash severity compared to young
adults (p <0.01) and adults (p < 0.01). Finally, older drivers exhib-
ited a significantly shorter time-to-collision at braking than young
adults (p <0.01).

3.3. Comparison of crashes and near crashes

Secondary Task and Evasive Maneuver prevalence among
crashes and near crashes as well as mean + SE time-to-collision
at braking for critical events with secondary tasks and evasive
maneuvers are shown in Fig. 3. The prevalence of secondary tasks
did not significantly differ between crashes and near crashes
(x?=0, p=0.99). A significant association (y? =774, p < 0.01) was
observed between evasive maneuver type and critical event type
(crash or near crash). Specifically, the odds of evasive maneuver
being present was 61.1 (95% CI: 38.0-98.0) times greater for near
crashes compared to crashes (p <0.01). Time-to-collision at brak-
ing among crashes and near crashes with both a secondary task
and evasive maneuver was significantly greater (p < 0.01) for near
crashes compared to crashes.

4. Discussion

To our knowledge, this represents the first study to compare
near crash characteristics between young and older drivers using
the SHRP2 Naturalistic Driving Study. Our findings highlight
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Table 3
Rear-End Near Crash Vehicle Time-Series Data.

Group Age Range (years) Maximum Deceleration (g) Near Crash Severity (m/s?) Time-to-Collision (sec)
Teen 16-19 0.72 £ 0.01°Y 0.11+0.00 3.7£02
Young Adult 20-24 0.69£0.01°7 0.10 £ 0.00° 42+0.1°
Adult 35-54 0.72 +0.01° 0.10+0.01° 4002
Older Adult 70-99 0.76 £ 0.017¥* 0.15+0.01"* 3.0£02"
T p<0.05, compared to Teens.
Y p<0.05, compared to Young Adults.
A p<0.05, compared to Adults.
© p<0.05, compared to Older Adults.

100% 7 o crashes 3.5 Previous research has shown that cell phone use while driving
" Near Crashe i contributes to crash risk (Asbridge, Brubacher, & Chan, 2013;
2 — carCrasies 3 Caird et al., 2014; Klauer et al., 2014; Carney, Mcgehee, Harland,
= ° = Weiss, & Raby, 2015) and accounts for nearly one-quarter of
L,f 25 E distraction-based fatal crashes among adolescents (NHTSA,
2 60% - g 2017). Interestingly, cell phone use accounted for the greatest vari-
2 2 Q ation in secondary tasks across age group (Fig. 1), with young dri-
f@ 99% E vers - specifically young adults - exhibiting the greatest
S 40% - 3.1 L5 g' prevalence of near crashes with cell phone use. One potential
g 68% JLLF) 68% ~ explanation is related to graduate drivers licensing (GDL) laws.
‘Qa) 1 & Thirty eight states incorporate cell phone restriction into their
g 20% - GDL laws and all but two states ban texting for novice drivers
~ 0.5 (ITHS, 2018b). However, young adults (20-24 yrs) have likely

phased out of these GDL restrictions and, consequently, may exhi-
0% T o S0 bit increased cell phone use compared to adult and older drivers.
Seconday Taks Evaf;e:gagfuvers Tmle;(:?(’)lilsm Older drivers exhibited the lowest proportion of near crashes

Fig. 3. Comparison of secondary tasks and evasive maneuvers between crashes and
near crashes as well as time-to-collision at braking in rear-end striking crashes and
near crashes with both an evasive maneuver and secondary task.

increased near crash rates among young drivers compared to adult
and older drivers for overall near crashes as well as specific near
crashes types: rear-ends and road departures near crashes. These
data confirm to the small number of previous studies on near
crashes, which showed increased incidence of near crashes among
young drivers compared to older drivers (Dingus et al., 2006;
Simons-Morton et al., 2011). These data also reflect data from
the Fatality Analysis Reporting System and National Automotive
Sampling System/General Estimates System databases (Williams,
2003) as well as data from nonfatal police-reported crashes
(Tefft, 2017), indicating that young drivers are at elevated crash
risk. These data support the validity of using non-severe safety crit-
ical events, such as near crashes, as proxies for injurious and fatal
crashes when studying elevated crash risk among young drivers.

Contrarily, these near crash rates do not reflect the elevated
crash risk observed in older adults (Williams, 2003; [IHS, 2018a).
Previous research has suggested that the increase in fatal crashes
among older drivers is due to age-based increases in injury risk
rather than an increased number of crashes (Li, Braver, & Chen,
2003). Our findings support this study, showing that older drivers
exhibit a lower near crash rate and critical event rate compared to
other age groups. Consequently, the validity of linking non-severe
safety critical events and injurious crashes for older drivers may
not be supported.

Consistent with previous crash literature (Mayhew, Simpson, &
Ferguson, 2006; Braitman et al., 2007; Sifrit, Stutts, Martell, &
Staplin, 2011; Lombardi, Horrey, & Courtney, 2017; IIHS, 2018b),
older drivers exhibited reduced rear-end and road departure near
crash rates as well as elevated intersection near crash rates com-
pared to other age groups. These findings support the argument
that older drivers require more-targeted assistance at intersections
(Dotzauer, Caljouw, de Waard Dick, & Brouwer, 2013).

involving cell phone use. This is in line with data from the National
Survey on Distracted Driving Attitudes and Behaviors (Schroeder,
Wilbur, & Pefia, 2018), which indicate that older drivers (65+) were
the least likely to use a cell phone while driving for calls, texting,
navigation, and smartphone app use. These data suggest that
cell-phone-use and texting-while-driving laws as well as apps that
restrict cell phone use while driving will have greater influence on
young adult near crashes than adult or older drivers, given their
increased propensity for cell-phone use during these near crashes.
Previous research has established that passenger interaction
among young drivers increases crash risk (Chen, Baker, Braver, &
Li, 2000; Lam, Norton, & Woodward, 2003; Ouimet, Simons-
Morton, & Zador, 2010; Williams, Ferguson, & McCartt, 2007) as
well as other crash-associated factors such as aggressive driving
and illegal maneuvers (Curry, Mirman, Kallan, Winston, &
Durbin, 2012). In this study, teens exhibited a greater percentage
of near crashes with passenger interaction (Fig. 2). These data sug-
gest that passenger interaction among teens may also be a con-
tributing factor to increased young driver near crash rates
(Table 1). However, a comparison of passenger interaction during
baseline driving among these SHRP2 drivers is needed to establish
the association of passenger interaction with near crash risk.
Interestingly, older drivers exhibited the greatest proportion of
near crashes with no secondary task (Fig. 1). This relative lack of
secondary tasks compared to other age groups, suggests that the
reason for older driver near crashes may be the result of declining
motor function and skill degradation (Owsley et al., 1998; Oxley
et al., 2005; Cicchino and McCartt, 2015; Conlon et al., 2017),
rather than distraction and inexperience found in younger drivers
(McKnight & McKnight, 2003; Curry et al., 2011; White and Caird,
2010; McDonald, 2013; Montgomery et al., 2014; McDonald et al.,
2015). This is supported by the near crash radar data (Table 3),
which showed that older drivers braked later than the younger
age groups - possibly the result of slower reaction times or
decreasing visual acuity. Congruently, older drivers exhibited
elevated near crash severity, requiring a greater maximum
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deceleration to avoid the crash compared to the younger age
groups (Table 3).

Surprisingly, the prevalence of secondary tasks did not differ
between near crashes and crashes (Fig. 3). These data suggest that
secondary task involvement may not be associated with the out-
come of the safety critical event (crash vs. near crash), at least
among those SHRP2 events included in this analysis. Rather, the
safety critical event outcome seems to be associated with the dri-
ver’s reaction to the critical event, specifically the timely execution
of an evasive maneuver. This is evident from the significantly
greater time-to-collision at braking among near crashes compared
to crashes (Fig. 3). Interestingly, the mean time-to-collision at
braking for near crashes is greater than the 2.7 second alert thresh-
old used by some forward collision warning systems; conversely,
the time-to-collision at braking is below this threshold. This sug-
gests that advanced driver assistance systems (ADAS) that elicit
driver reactions earlier in the critical event can shift the safety crit-
ical event outcome from crashes to near crashes.

Several limitations warrant discussion. First, given the relatively
small number of studies on near crashes among teens (Dingus
et al.,, 2006; Simons-Morton et al., 2011a), data available for com-
parison are limited. Consequently, the discussion compared some
of our findings to crash literature with different outcomes than
near crashes (e.g., fatal and police-reported crashes). While crashes
differ with respect to near crashes, as illustrated by the data pre-
sented herein, these data help place the elevated young driver near
crash risk in context with the well-known elevated fatal and
police-reported crash risk as well as driving skill differences exhib-
ited by teens that can help explain the elevated incidence of near
crashes. Additionally, the identification of near crashes by subject
vehicle dynamics necessitates that nearly all near crashes included
in the SHRP2 NDS and this analysis included a driver-initiated eva-
sive maneuver. There are likely additional near crashes in the
SHRP2 NDS where the subject driver did not execute an evasive
maneuver; these were not included in the current analysis. There-
fore, the results presented herein may not be generalizable to all
near crashes. Specifically, the significant difference in the preva-
lence of evasive maneuvers between crashes and near crashes
(Fig. 3) may solely be due to the criterion used to detect near
crashes. However, the absence of these crashes should not have a
substantial effect on the time-to-collision at braking results
(Fig. 3) since crashes and near crashes were matched based on
the presence of a driver-initiated evasive maneuver. This study also
presents data on secondary tasks conducted by drivers during
SHRP2 near crashes. While specific secondary tasks such as cell
phone use, passenger interaction, and distraction have been previ-
ously associated with increased crash risk, a comparison to base-
line driving among these SHRP2 drivers is needed to truly
establish whether these secondary tasks contributed to increased
near crash risk. Furthermore, reliable radar data were only avail-
able for 55% of rear-end near crashes; this possibly introduced
selection bias because this subset may not be representative of
all rear-end near crash events. Finally, as with any naturalistic
study, participant selection can introduce bias into the sample.
The current study did not account for sociodemographic factors
or driver-specific variables such as length of licensure or
pre-existing medical conditions that were permissible inclusion
criteria in SHRP2. These factors are a planned area of future work
to determine how near crashes vary with behavioral, experiential,
and environmental factors.

Nevertheless, this study utilizes one of the largest and most reli-
able datasets, to date, capable of analyzing near crashes. These data
provide valuable information on the frequency, type, and charac-
teristics of near crashes among risky driving groups, which can
be used to develop more targeted driver training programs.

Furthermore, these data can help inform the development of
driver-specific ADAS. Specifically, driver monitoring systems may
help reduce secondary task involvement, leading to reductions in
the incidence of critical events, as well as forward collision
warning to stimulate quicker driver reactions leading to a shift in
the severity of rear-end critical events from crashes to near crashes.
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