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1. EXECUTIVE SUMMARY

Though there have been numerous studies regarding the effect of fatigue on traffic
collisions, there is still little empirical understanding of how rest areas, which are a
countermeasure for fatigue, play a role in fatigue-related freeway collisions. The present
study evaluates fatigue collisions from a spatial perspective in an attempt to understand
the relationship between rest areas and fatigue collisions.

The study first summarized the general characteristics of fatigue-related collisions. Out of
2,203,789 total collisions occurring between 1995 and 2005, fatigue collisions accounted
for more than 1.3% (using a ‘strict” definition of fatigue) and 9.7% (using an ‘expanded’
definition) of total collisions in California. Both fatigue and non-fatigue collisions in the
vicinity of rest areas in California were then investigated using two different approaches:

1. Spatial analysis on collisions within 10-miles up/downstream of rest areas
2. Spatial analysis on collisions as a function of distance traveled from rest areas

The findings generated from two sample t-tests indicated that the number of both fatigue
and non-fatigue collisions decreased statistically significantly downstream of rest areas.
It was also found that the number of collisions due to fatigue tended to decrease
immediately downstream of rest areas,

while suddenly increasing after about

30 miles from rest areas, while non-

fatigue collisions remained the same.

Two sample binomial tests confirmed

that the percentage of fatigue

collisions further than 30 miles from

rest areas was significantly higher

than for collisions 30 miles or less

from rest areas. This phenomenon is

consistent with a possible assumption

that drivers become significantly

exhausted about 30 miles

downstream of rest areas.

The study also explored all collision

factors for collisions occurring in the

vicinity of rest areas and their ramps, Safety Roadside Rest Area Exit Sign

and compared them with collision

characteristics from collisions occurring in the vicinity of ramps not associated with rest
areas. The comparison revealed that trucks were the primary vehicle type involved in
rest area ramp collisions. ‘Parked, parking’” movements caused the highest number of
collisions on ramps connected to rest areas, compared with ‘proceeding straight’
movements for all other ramps. The comparison also revealed that some rest areas had an
inadequate number of parking spots, resulting in unsanctioned ramp parking activities.
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Finally, the study explored the growth of informal rest areas: shoulders adjacent to ramps
and mainlines frequented by truck drivers when other safe stopping opportunities do not
exist. The study analyzed collision rates at informal rest area ramps and determined that
the rates were higher, on average, than collision rates at designated rest area ramps or
ramps unaffiliated with rest areas. These findings suggest that, on average, informal rest
area ramps are less safe compared with other ramps. Analysis of fatigue-related collisions
adjacent to informal rest areas provided mixed results regarding the efficacy of informal
rest areas in reducing highway collisions. However, the higher incidence of fatigue-
related collisions at these locations supports the need for additional rest areas.
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2.  INTRODUCTION

This study seeks to improve traffic safety and mobility for California highway users by
analyzing characteristics of fatigue-related crashes. The potential for risk reduction is
substantial. Not only do these crashes tend to be more severe, they are also likely to be
underreported. Each fatality crash costs millions of dollars. Even a modest reduction in
such collisions would result in large savings and improved highway safety.

In addition, fatigue-related collisions have a major economic impact. For example, there
have been occurrences of commercial-vehicle fatigue collisions destroying bridges over
interstate highways, causing major disruption to the transportation system and to the
economy. Fatigue-related bus crashes have been catastrophic. These crashes capture the
interest of the public, requiring an inordinate proportion of limited resources to address
their aftermaths. Successful measures to prevent them or to minimize their impact will
substantially decrease these undesirable costs.

Fatigue-related crashes are particularly hazardous in highway work zones, where
Caltrans, highway patrol, and contract employees are particularly vulnerable.

This study attempts to provide more
accurate estimates of fatigue-related
collision rates and the efficacy of rest
areas in reducing the risk of crashes
related to driver fatigue.

Chapter 3 of this report discusses

previous efforts to determine the

relationship between fatigue and traffic

collisions. Chapter 4 explains the “strict’

and ‘expanded’ definitions of fatigue

used in the present study. Chapter 5

summarizes general characteristics of

fatigue-related collisions. Chapter 6

presents a spatial analysis of collisions

within 10 miles up/downstream of rest Shoulder Downstream of Closed Rest Area

areas, and is followed in Chapter 7 by a

spatial analysis of collisions as a function of distance from rest areas. Chapters 8, 9, and
10 respectively discuss the effect of rest area closures on fatigue related accidents, fatigue
ramp analysis, and informal truck stops. The report ends with concluding remarks in
Chapter 11.

Note that this report summarizes the key findings of the present study regarding fatigue
collisions; the results from additional detailed analyses can be found in the appendices.
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3. LITERATURE REVIEW

3.1 Introduction

Generally, sleep is a neurobiological activity with predictable patterns. Disruption of
these patterns, especially the circadian processes (24-hour rhythms that control our
sleep/wake cycles), sleep fragmentation, or sleep restriction and loss can result in a
diminished capacity to perform everyday tasks such as driving, via impairments to
reaction time, vigilance, attention, and information processing (NCSDR/NHTSA). In the
extreme, it can also lead to drivers falling asleep while behind the wheel. The National
Highway Traffic Safety Administration (NHTSA) makes the distinction between
“fatigue” and “inattention,” in which fatigue is defined as a “disinclination to continue” a
particular task; in the case of driving, it is not so much disinclination to driving as it is a
“progressive withdrawal of attention to the tasks required for safe driving.” This is
characterized as inattention, which is a product of fatigue and other factors such as
“preoccupation or distractions inside the vehicle” (NCSDR/NHTSA).

To better understand the problems associated with fatigue, the study included a review of
the relevant literature using online literature research databases including ScienceDirect,
PubMed, and TRIS Online (Transportation Research Information Services). For the
purpose of the review, references have been divided into five main categories, with the
number of references shown in parentheses:

Characteristics and magnitude of fatigue-related crashes (43)

Effect of fatigue on performance (7)

Causes of fatigue (18)

Countermeasures (29)

Effect of rest areas on fatigue & necessary characteristics of rest areas (50)

agrpwdE

3.2 Characteristics and Magnitude of Fatigue-Related Collisions

The National Sleep Foundation's 2005 Sleep in America poll reported that 60% of adult
drivers—about 168 million people—said they had driven a vehicle while feeling drowsy
in the past year, and more than one-third had actually fallen asleep at the wheel.

Rajaratnam and Jones (2004) contend that sleepiness is now regarded as the largest
identifiable and preventable cause of accidents in all modes of transportation. Many
articles reveal that fatigue-caused collisions result in higher injury and death rates (e.g.,
Bunn et al. 2005, Connor et al. 2002. and Garbarino et al. 2001).

The magnitude of fatigue-related collisions may be severely underestimated because it is
difficult to objectively measure the role that fatigue plays in any particular traffic
collision. Identifying fatigue-related crashes is also made difficult by the “absence of a
universally accepted definition of fatigue” (Dobbie 2002).

The exact definition of a fatigue-related crash is subjective and can vary in different
jurisdictions; certain characteristics are identified as contributors to fatigue-related
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collisions. According to the NHTSA website, an archetypical collision related to
sleepiness has the following characteristics:

The problem occurs during late night/early morning or mid afternoon.
The crash is likely to be serious.

A single vehicle leaves the roadway.

The crash occurs on a high-speed road.

The driver does not attempt to avoid a crash.

e The driver is alone in the vehicle.

Other researchers support the validity
of some of these characteristics. Horne
noted that most single-vehicle crashes
occurred without any prior braking,
and that their highest incidence
occurred between 2:00 a.m. and 6:00
a.m. and between 2:00 p.m. and 4:00
p.m. (Horne 1995). Similarly, Sagberg
used a regression model to determine
that the “strongest predictor variable”
is the time at which a collision
occurred, and that “the odds of fatigue
or sleep being involved increases by a
factor of six” if the collision occurred
between midnight and 6:00 a.m.
(Sagberg, 1999). Australian
researchers developed their own
operational definition of fatigue,
identifying fatigue-related crashes as occurring in “head-on collisions where neither
vehicle was overtaking at the time of the crash,” and during what they called the “critical
times” of midnight to 6:00 a.m. and 2:00 p.m. to 4:00 p.m. (Dobbie 2002).

Local Parking Restrictions Limit Options

3.3  Effect of Fatigue on Performance

In their report about the effects of sleep deprivation among physicians, Weinger and
Ancoli-Israel (2002) reported on two meta-analyses that summarize the cognitive
performance effects of one or more nights of reduced sleep. In general, “the studies
suggest that sleep-deprived subjects performed 1.4 standard deviations below that of
controls. Sleep deprivation had the greatest impact on mood and cognitive tasks and less,
but still significant, impact on motor tasks.”

A study by Fairclough and Graham (1999) assessing the relative impact of partial sleep
deprivation and full sleep deprivation on a two-hour simulated driving test compared with
an alcohol impairment (BAC = 0.07%) revealed that “the full sleep deprivation and
alcohol group exhibited a safety-critical decline in lane-keeping performance. The partial
sleep deprivation group exhibited only non-critical alterations in primary task
performance.”
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For a study of 114 drivers (half over the age of 30, and half under) who stopped at a rest
area on a freeway, participants completed a questionnaire about their journey and their
sleep/wake patterns. They then performed a 30-minute test on a driving simulator. The
results showed that fatigued drivers performed significantly worse than controls on the
driving test. Age and duration of driving were the main factors associated with decreased
performance (Philip, Taillard et al. 2003).

3.4 Causes of Fatigue

While the overriding cause of driver fatigue is sleep loss, NHTSA lists a number of
chronic predisposing factors and acute situational factors that increase the risk of drowsy
driving and related crashes:

e Driving patterns, including: driving between midnight and 6 a.m.; driving a
substantial number of miles each year and/or a substantial number of hours each
day; driving in the mid-afternoon hours (especially for older persons); and driving
for long times without taking a break.

e Use of sedating medications, especially prescribed anxiolytics, hypnotics,
tricyclic antidepressants, and some antihistamines.

e Untreated or unrecognized sleep disorders, especially sleep apnea syndrome
(SAS) and narcolepsy.

e Consumption of alcohol, which interacts with and adds to drowsiness.

Stutts, Wilkins, et al. (2003) report that, “drivers in sleep-related crashes were more
likely to work multiple jobs, night shifts, or other unusual work schedules. They averaged
fewer hours of sleep per night, reported poorer quality sleep, were less likely to feel they
got enough sleep, were sleepier during the day, drove more often late at night, and had
more prior instances of drowsy driving. Compared with drivers in non-sleep-related
crashes, they had been driving for longer periods of time, had been awake more hours,
and had slept fewer hours the night before.” These findings are echoed by a number of
other authors, including Streff and Spradlin (2000), Brill et al. (2003), and Brown (1994).

Many drivers violate work-hour rules. Federal regulations allow commercial drivers to
drive a maximum of ten hours before requiring an eight-hour period of rest. In addition,
drivers are not allowed to work for more than 70 hours in

an eight-day period. In a 1992 study by Braver et al., nearly three-quarters of the drivers
surveyed said they violated the “hours-of-service” rule and about two-thirds admitted to
exceeding the 70-hour limit permitted under regulations. Braver identified economic
factors as the primary reason for violation of these rules, citing factors including but not
limited to “tight delivery schedules and low payment rates.” (Braver et al. 1992)

3.5 Countermeasures

Many drivers in fatigue-related accidents are unaware of their fatigue at the time of
collision. There are several categories of countermeasures found in driver fatigue
literature including education, regulation of commercial driving hours, technology, and—
the most obvious countermeasure—sufficient rest. While techniques such as exposure to
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cold air, turning on the radio, and eating are popular, they are only effective—at best—
for a short time (Horne and Reyner 1999). Two countermeasures that have been shown to
be effective are consumption of caffeine and taking a short nap (De Valck and Cluydts
2001, Garbarino et al. 2004).

The Rest Area Forum (1999) stressed education as an important means of addressing
driver fatigue. Most focus groups concluded that additional fatigue studies need to be
conducted, with results “targeted to receivers, shippers, carriers, insurance companies and
drivers.” While some drivers stated that there is a real shortage of parking at rest areas,
others responded that drivers are not adequately notified or informed of truck parking at
rest areas. The forum found that some drivers “miss stops entirely.” Consequently,
improving signage for rest areas

was one of the most popular

recommendations, using  such

methods as “corridor signage, ITS

technology displaying real-time

information, uniform logo signage,

uniform lists and maps of truck rest

areas, and a radio channel/national

information  line” to provide

information (FHWA 1999).

The California Department of

Transportation recognized the need

to develop a plan to maintain and

expand its network of eighty-eight

roadside rest areas initially created Closed Safety Roadside Rest Area
beginning in 1962. In 2002, the

California Department of Transportation Journal released a Master Plan for Safety
Roadside Rest Areas to “guide their renovation and upgrading and for adding new [rest
areas] where feasible.” The study recommended constructing eighty new rest areas in
addition to creating “prime goals” for rest areas including increased safety, security,
aesthetics, access, and opportunities for development (Berthelsen, 2002).

Brown (1997) noted that while there are several reasons for giving serious consideration
to technological countermeasures, “their reliability under real traffic conditions is largely
unproven and they could be used by unscrupulous drivers to support the continuation of
journeys that should have been terminated because of human impairment.”

Horne and Reyner in their 1999 study concurred, stating that “the only safe
countermeasure to driver sleepiness, particularly when the driver reaches the stage of
fighting sleep, is to stop driving, and—for example, take a 30 minute break encompassing
a short (< 15 minute) nap or coffee (about 150 mg caffeine), which are very effective
particularly if taken together. Exercise is of little use.” It has also been shown that a 15-
20 minute nap is the “most effective way of rejuvenating” a driver (Garder 2002).
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As early as 1979, a study by Clark recommended that a driver sit comfortably because
“an incorrect posture can restrict oxygen intake.” He also recommended ten-minute stops
every hour, checking “vehicle instruments [to] mark the time,” and that “companionship
is the best solution for boredom.” (Clark 1979).

3.6 Effect of Rest Areas on Fatigue & Necessary Rest Area
Characteristics

As discussed above, one of the factors identified by NHTSA as increasing the risk of
drowsy driving and related crashes is driving for a long period without taking a break.
Rest areas were created as early as 1919 on state and interstate highways as a means of
providing motorists with a place to rest without having to leave the highway (King 1989).
However, often rest areas are closed for maintenance or—during severe weather
conditions—filled to capacity with other motorists. As a result, some truck drivers must
resort to finding another location at which to park and rest, or must continue driving
without rest.

A 1996 study of public rest areas conducted by the Federal Highway Administration
(FHWA) identified a shortfall of over 28,000 truck parking spaces across the country.
Surveys of commercial drivers found that “90%...perceived that there is a shortage of
truck parking facilities, particularly for long-term or overnight parking.” A majority of
those surveyed also preferred private truck stops for long-term or overnight stops, while
for short-term parking, a majority preferred public rest areas. The report noted, however,
that while private expansion of truck parking spaces may help ease the tight squeeze on
parking, public and private rest areas are not necessarily “direct substitutes for each
other,” but are “complementary.” The FHWA study added that the cost of providing
enough parking for truck drivers could range from “$489 to $629 million dollars,” and
that failing to “solve the truck parking shortage could pose significant risks to the
traveling public by forcing tired drivers to continue driving, or park in inherently
dangerous locations such as ramps and shoulders.” (FHWA 1996) This claim was
supported by a 1996 study by the American Trucking Association, which found evidence
that “increasingly, truck drivers seeking rest are parking illegally along highway
shoulders and entrance and exit ramps, rather than at either public rest areas or private
truck stops.” (ATA 1996)

In June 1999, the Rest Area Forum was held in Atlanta, Georgia to discuss the
“availability and safety of parking for commercial vehicles.” Discussion included the
issue of instituting time limits at rest areas. Those in favor of time limits argued that
allowing truck drivers to stay in their parking spaces for as long as they wanted would
reduce turnover and force drivers who could not find adequate parking spaces to park
unsafely on the side of the highway or continue driving to the next rest area, increasing
the possibility of a fatigue-related collision. Those opposed to time limits argued that
imposing time limits on drivers would interrupt critical sleeping times. Stakeholders also
stated that elected officials sometimes introduce city ordinances that limit the time
window during which truck deliveries can take place. These policies, along with shippers
requiring prompt or quick deliveries “impose unreasonable delivery schedules” that may
contribute to fatigue-related collisions (FHWA 1999).
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Additional research has identified inconsistent spacing between rest areas. The Montana
Rest Area Plan noted that rest areas were built alongside highways while the highways
were being constructed, but ranged anywhere between twenty and eighty miles apart.

A Michigan State University study (1999) found a correlation between rest area distances
and the rate of single-vehicle collisions. While the study focused on the public rest areas
commonly found on interstate routes (compared with U.S. and state highways, which
feature many private truck stops) and did not confirm a causal relationship in the
findings, the study did find that “the greater the distance between rest areas, the higher
the percentage of single vehicle truck crashes.” The research team created a ‘hazard
model with a conditional probability format’ that found a “significant” increase in single
vehicle truck collisions once the distance between rest areas exceeded 30 miles.
Moreover, most single vehicle truck collisions occurred between the hours of midnight
and 8:00 a.m., which is when truck rest areas are used heavily and “when truck driver
fatigue would most likely be a contributing factor” (Taylor 1999).

Other studies have also identified
problems correlating truck rest
areas and fatigue. In a survey of
truck drivers in New York in
1997, about four-fifths  of
respondents said that they were
not able to find parking at night;
many of these drivers admitted to
falling asleep at the wheel. When
asked why they did not use public
rest areas, slightly over half of
respondents cited inadequate
parking, and others mentioned
time limit enforcements, prostitution, solicitation, lack of security, and poor quality or
expensive food (Koklanaris 2000). Fatigue was also voted the number one concern at the
FHWA Truck and Bus Safety Summit held in 1995 (Graham 1998).

Truck Parked on the Side of the Highway

In 2002, a study by Chen, et al. analyzed the needs and preferences of truck drivers. The
survey of over two thousand drivers sought to “determine how truck drivers plan for and
address their parking needs and how truck drivers select when, where, and at which
facilities they park.” Many of the self-identified “long-haul drivers” stated that they
preferred rest areas that “provide food, fuel, restrooms, phones, and showers.” Moreover,
safety and convenience were also considered important factors. Drivers tended to favor
private rest areas over public rest areas except when the drivers needed to nap for a short
period of time (Chen et al. 2002).
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The optimal distance between rest areas has been a subject of debate. The Rest Area
Forum recommended adopting a “uniform spacing standard” for rest areas. The Montana
Rest Area Plan (WTI 1999) states that in 1985 Montana identified 70 miles as the target
spacing on roadways with over 750 vehicles per day or 100 miles on roadways with over
1000 vehicles a day, but Montana currently recommends a spacing of 54 miles, or the
length of one hour of travel time. The Minnesota DOT identified a spacing of 50 miles as
“desirable.” The American Association of Highway and Transportation Officials
recommend a distance of 60 miles between rest areas (Perrault 2008).! This is similar to
the findings from Garder’s study of truck drivers, which determined that a distance of 55
miles would be ideal. However, a University of Maine study claimed the distance
covered in one hour is too long, and recommended a 30-mile spacing between stops
(Garder 2002).

There is also debate regarding the elimination of rest areas as a cost-saving measure.
Over 50% of Garder’s survey participants stated that saving money should not be
accomplished by closing down existing rest areas. However, younger surveyed travelers
approved of closing some rest areas, as long as the money saved from closing them was
reinvested into the improvement of remaining rest areas (Garder 2002).

A detailed examination of rest areas could be a critical component in efforts to reduce
traffic collisions or other crashes that occur as a result of driver fatigue. As noted earlier,
drowsy driving and related crashes may be a result of driving for long periods of time
without resting. Commercial truck drivers who drive hundreds of miles daily often fall
into this category. Many existing studies have identified inadequate parking and resting
facilities for drivers, as well as a correlation between single vehicle collisions and the
distance between rest areas, as issues that need to be addressed. Creating a strategy or
plan for supplying additional parking via expansion or improvement of the rest area
network will add to this body of research and could be crucial in improving the safety of
all drivers.

A detailed annotated bibliography is included in Appendix 1.

The following chapter explains the definitions of fatigue collisions used in the present
study.

! Perrault, Michael. “Yucaipa plan for 1-10 rest area gets Calimesa’s attention.” The Press Enterprise.
January 5, 2008.
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4. DEFINITIONS OF FATIGUE COLLISIONS

Collision data were extracted from the California Highway Patrol’s (CHP) Statewide
Integrated Traffic Records System (SWITRS). From this database, collisions associated
with driver fatigue were selected based on two different definitions: “strict” and
“expanded” fatigue collisions. For the strict definition, only those collisions coded as
‘fatigue-related’ or those in which the party was coded as ‘sleepy/fatigued’ were identified
as fatigue-related. The expanded definition, however, also includes all collisions in which
the party was at fault, but was not drunk or speeding, experienced no vehicle defect, and
either ran off the road, crossed into an opposing lane or struck anothervehicle/fixed object
between the hours of 2 a.m. and 6 a.m. or 2 p.m. and 4 p.m. Note that the datasets defined
here are used in the analyses presented in chapters 5, 6, and 7.

4.1  Strict Definition Fatigue Collisions

Strict definition fatigue collisions are those that satisfy either one of the following
criteria:

e Primary collision factor is reported as “fell asleep”
e Party type indicates a driver was fatigued

The party information in the second criterion is obtained from the SWITRS party table.
The variable specifically considered is “pdrug” or Party Drug Physical. This variable
indicates the physical state of the persons involved in the collision; whether they were
influenced by drugs other than alcohol, had any physical impairment, or were sleepy or
fatigued. A value of ‘I’ indicates that the party involved in the collision was sleepy or
fatigued.

4.2  Expanded Definition Fatigue Collisions

The expanded definition of fatigue collisions includes those in which the party was at
fault, was not drunk or speeding, experienced no vehicle defect, and either ran off the
road, crossed into an opposing lane or struck another vehicle/fixed object between the
hours of 2 am. and 6 am. or 2 p.m. and 4 p.m. According to previous research,?
underreported fatigue collisions have a set of common features:

Single vehicle collision

Driver at fault, driver not intoxicated or speeding

No defect in vehicle

Vehicle either crossed into opposing lane or ran off road preceding the collision
The vehicle struck another moving or parked vehicle

2 Horne, J. A. and L. A. Reyner (1995). "Sleep related vehicle accidents.” Bmj 310(6979): 565-7.

Sagberg, F. (1999). "Road accidents caused by drivers falling asleep." Accid Anal Prev 31(6): 639-49.
Dobbie, K. (2002). Fatigue-Related Crashes: An Analysis of Fatigue-Related Crashes on Australian Roads
Using an Operational Definition of Fatigue. A. T. S. Bureau, Commonwealth Department of Transport and
Regional Services: 1-30.
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Analyses of both the strict and expanded definitions of fatigue collisions were conducted
for this study, in order to verify and account for previous findings indicating that fatigue
collisions are underreported.

Table 1 summarizes the SWITRS variables used to identify fatigue collisions. The
collision and party variables indicated in the table were examined and identified using a
‘flag.” If the at fault party was found to be sleepy or fatigued, or if the primary collision
factor was driver fatigue, the variable fatigue_flagl was set to 1, if not it was set to 0. If a
collision record satisfied all of the variables (other than primary collision factor = E and
party drug physical = 1), the collision was identified as potentially being a fatigue
collision. For example, a single-vehicle collision in which the driver was at fault and was
not intoxicated, there were no unusual weather or road conditions, the vehicle ran off the
road or into an opposing lane, and in which the collision occurred either between 2 a.m.

and 4 a.m. or 2 p.m. and 4 p.m. was identified as potentially being a fatigue collision.

Table 1. SWITRS Variables Used in Defining Fatigue Collisions

Condition SWITRS variable = value Fatigue Definition
1 Egg‘jrry Collision PCF = E (sleepy or fatigued) IF 1 OR 2 = Strict
2 | Party Drug Physical | Pdrug = I (sleepy or fatigued) Definition of Fatigue
3 | Weather Normal Weatherl = A (clear)
4 Road Condition Rdcondl = H (no unusual
Normal condition)
5 Driver at Fault Ptype =1 atfault=Y
Pviolcat NOT =20 or 25
20: Driving or Bicycling Under
6 | Party Violation the Influence of Alcohol or Drug _ o
25: Unsafe Speed Strict Definition of
Fatigue
Other Associated . OR
7 Eactor Oafl NOT = K (vehicle defect) (IF3AND 4 AND 5
— AND 6 AND 7 AND
Involve =C, D, E, | o_rJ 8 AND 9 AND 10) =
) C - Other Motor Vehicle Expanded Definition
Motor Vehicle D - Motor Vehicle of Fatigue
8 | Involved in on Other Roadway
Collision E - Parked Motor Vehicle
| — Fixed Object
Movement of C - Ran Off Road
9 | Vehicle Preceding N - Crossed Into
Collision Opposing Lane
. . 2am.to4am.
10 | Time of Collision OR 2 p.m. t0 4 p.m.
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5. STATEWIDE FATIGUE-COLLISION ANALYSIS

Collision data for the eleven years between 1995 and 2005 were analyzed to find patterns in
fatigue-related crashes. The data included crash severity, alcohol involvement, urbanicity,
and yearly, monthly, and daily trends. For each of these analyses, fatigue-related collisions
were identified following both the *strict definition” and the ‘expanded definition.”

A total of 2,203,789 casualty collisions were observed over the eleven-year period.
According to the strict definition, 1.3% of these were classified as fatigue-related; while
according to the expanded definition, 9.7% were classified fatigue-related. Of all the
observed collisions, 1.7% were fatal, 5.4% involved major injury and 92.9% involved
minor injury. Among fatigue-related collisions according to the strict definition, 2.7%
were fatal, 9.0% involved major injury, and 88% involved minor injury. Thus, a greater
percentage of fatigue-related collisions were fatal or involved major injuries compared
with total crashes. However, when fatigue-related crashes were identified using the
expanded definition, 1.9% were fatal, 5.4% involved major injury and 92.9% involved
minor injury, approximating the overall percentages by severity for all crashes.
Summarized crash severity data are listed in Appendix 2.

250,000

200,000 4

150,000 -
O Total

B Expanded definiton
@ Strict definiton

100,000 -

Number of crashes

50,000 -

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Years

Figure 1. Trends in Collision Statistics, Overall and Fatigue-Related

Figure 1 shows trends in collisions for each year. The total number of collisions
decreased in 1997 and then increased until 2001. After 2001, there was another
progressive reduction. Between 1995 and 2001 fatigue-related collisions comprised a
higher percentage of overall collisions. Since 2002, the proportion of fatigue-related
collisions has declined, by 0.1 to 0.2% using the strict definition, and by 2.0 to 4.0%
using the expanded definition. Coding methods may have changed in 2001.
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The following subsections summarize the characteristics of fatigue-related collisions for
each definition (strict and expanded). All tables referenced in this section, as well as more
detailed information based on the expanded definition, can be found in Appendix 2.

Number of Collisions by Month

Using the strict definition, the number of fatigue-related collisions is highest during the
summer months (June through August) and lowest in the winter months of January and
February. The number of collisions remains high in late summer and early fall, i.e.,
August through October (198,789 in October) and is also high in the month of December.
Furthermore, fatigue contributes to a higher percentage of collisions in the summer
months than in the winter months (Table A2.5).

Using the expanded definition, the largest number of fatigue-related collisions occurs
from July to October. These are also the months in which fatigue contributes the most to
collisions. The lowest number of collisions occurs in January and February, and fatigue
contributes the least to collisions during these months compared with all other months
(Table A2.6).

Number of Collisions by Day of the Week

The total number of collisions on a given day of the week totaled over the eleven years
ranged from 264,149 to 361,744. Fridays registered a higher number of crashes
(361,744), and Sundays a lower number (264,149). However, fatigue contributed the least
to collisions on Fridays (1.0%), and the most on Sundays (1.9%), following the strict
definition. Saturdays also registered a high percentage (1.6%) of fatigue-related collisions
(Table A2.7).

Fatigue-related collisions according to the expanded definition contributed to a higher
percentage of all collisions on Saturdays (10.4%) and Sundays (11.3%) (Table A2.8).

Number of Collisions by Hour of the Day

Whereas the majority of collisions took place between 7 a.m. and 7 p.m., these were the
hours during which fatigue contributed the least, from 0.4% to 0.9% following both the
strict and the expanded definition. One exception under the expanded definition was
during the two hours after 2 p.m., in which a very high percentage (43.0% to 43.2%) of
the collisions were fatigue-related (Table A2.9). This is in the range of rates observed
during the peak of fatigue-related collisions, between 2 a.m. and 6 a.m.

Using the strict definition, peak hours for fatigue-related collisions were between 3 a.m.
and 6 a.m. (Table A2.10).

Primary Collision Factor

The most common primary collision factor for all observed crashes was unsafe speed,
followed by factors involving automobile right-of-way, and improper turning. Confusion
related to traffic signals and signs, and driving under the influence of alcohol or drugs
were the next major factors. The highest number of fatigue-related collisions (strict
definition) resulted from improper turning, followed by unsafe speed and driving on the
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wrong side of the road. Among these collision causes, fatigue (strict definition)
contributed the most (2.9%) in collisions due to improper turning, followed by driving on
the wrong side of the road (Table A2.11).

Under the expanded definition, the greatest number of fatigue-related collisions resulted
from unsafe speed, followed by factors related to automobile right-of-way and improper
turning. Of the total number of collisions for each category, fatigue was a contributing
factor most often for collisions due to improper turning (13.8%), following too closely
(10.5%), driving or bicycling under the influence of drugs or alcohol (10.4%) and unsafe
speed (10.1%) (Table A2.12).

Truck Collisions

Truck collisions constituted 4.4% of the total number of collisions. Fatigue (strict
definition) contributed to a higher percentage (1.9%) of truck collisions than to collisions
of all vehicle types (1.3%) (Table A2.13).

According to the expanded definition, fatigue contributed to 11.3% of truck collisions
compared with 9.7% of collisions of all vehicle types (Table A2.14).

Alcohol Involvement

Of all collisions, 10.9% involved alcohol. However, fatigue (strict definition) was a
contributing factor in only 0.9% of alcohol-involved collisions, compared with 1.3% of
all collision types (Table A2.15).

Following the expanded definition however, fatigue-related collisions contributed to
9.8% of alcohol-involved collisions compared with 9.7% for all collisions (Table A2.16).

Urbanicity

Of all collisions, 22.1% were rural. Fatigue (strict definition) contributed to more than
twice the percentage (2.8%) of rural collisions than to all collisions (1.3%) (Table
A2.17).

Similarly, following the expanded definition, fatigue contributed to 12.0% of rural
collisions and to 9.7% of all collisions (Table A2.18).

State Highway Status

Of all collisions in which the highway status was known, 31.1% were on state highways.
Fatigue (strict definition) contributed to a much higher number of collisions on state
highways (2.2%) than to collisions overall (1.3%) (Table A2.19).

Fatigue contributed to a higher number of collisions on state highway (11.2%) than to
collisions overall (9.7%) under the expanded definition as well. (Table A2.20).
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Fatigued Party Culpability

In fatigue-related collisions of known culpability, 88.0% of the fatigued parties (strict
definition) were found to be at fault (Table A2.21. Using the expanded definition, 98.9%
of the fatigued parties were found to be at fault (Table A2.22).

Fatigued Party Road User Type

Using the strict definition, the fatigued party in 99.5% of the collisions was the driver,
while only very rarely was the fatigued party a pedestrian or bicyclist (Table A2.23).
Under the expanded definition, the fatigued party in 99.9% of the collisions was the
driver (Table A2.24).

Fatigued Party Age

Drivers 15 to 24 years of age constituted the largest share (39.0%) of fatigued parties in
fatigue-related collisions (strict definition). This was followed by drivers aged 25 to 34
(21.6%), aged 35 to 44 (15.4%), and aged 45 to 54 (10.4%). The rate continued to drop
with age (Table A2.25). The same pattern was observed for fatigue-related collisions
under the expanded definition. Drivers aged 15 to 24 years constituted 30.5% of fatigued
parties in collisions, and the rate again decreased with each increasing age cohort (Table
A2.26).

Fatigued Party Race

Race was not stated for a majority of fatigue-related collisions (68.7% in the strict
definition case and 64.5% in the expanded definition case). Of the drivers whose race was
known, 50.6% were white and 27.6% were Hispanic, when the strict definition was
applied (Table A2.27). Under the expanded definition, 48.3% were white and 31.9%
were Hispanic (Table A2.28).

Fatigued Party Sobriety

The sobriety of the driver was not known for 34.9% of the strict fatigue-related collisions.
The percentage was much lower (4.9%) under the expanded definition, since this
category included collisions in which the party was ‘not drunk.” Under the strict
definition, 88.3% of the fatigued parties of known sobriety had not been drinking, while
only 4.8% had been drinking and were under the influence (Table A2.29). Under the
expanded definition, 82.2% had not been drinking, while only 7.3% had been drinking
and were under the influence (Table A2.30).

Restraint Use
Applying the strict definition, restraints were used in 91.0% of fatigue-related collisions
(Table A2.31). Under the expanded definition this percentage was 94.6% (Table A2.32).

Fatigued Party Violation

The occurrence of a violation was known for approximately one-fourth of fatigue-related
collisions. Of the known violations under the strict definition, 45.1% were due to
improper turning, 23.5% to driving at an unsafe speed, and 18.8% were due to driving on
the wrong side of road (Table A2.33). Using the expanded definition, 45.6% were due to
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improper turning, 15.8% to driving on the wrong side of the road, and 6.3% to an unsafe
lane change (Table A2.34).

Fatigued Party Preceding Movement

Under the strict definition, 41.6% of the fatigued parties ran off the road, while 37.3%
were proceeding straight prior to the collision (Table A2.35). Using the expanded
definition, 49.6% were proceeding straight prior to collision, 15.1% were making a left
turn, and only 10.8% ran off the road (Table A2.36).

Fatigued Party Vehicle

Using the strict definition, 71.2% of the vehicles involved in fatigue-related collisions
were passenger vehicles; under the expanded definition, the rate was 70.5%. Pickup or
panel trucks comprised 21.3% (strict definition) and 18.8% (expanded definition) of the
vehicles. (Table A2.37, Table A2.38).
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6. SPATIAL ANALYSIS — WITHIN =10 MILES OF REST
AREAS

The spatial analysis presented here studied collision rates within 10 miles upstream and
downstream of rest areas in both directions of I-5 (from Kern county to the Oregon border).
The same spatial analysis was performed on collisions in both directions of SR-101. A total
of 23 rest areas were included in the analysis, and results are presented in the appendix.
Fatigue-related and non-fatigue-related collisions were compared in the analysis, excluding
collisions that were Property-Damage-Only (PDO).

Detailed information regarding location, direction, county and postmile of rest areas on I-5
was extracted from multiple sources including the Caltrans website, TASAS geometry
database, and CalNexus. Collision data were extracted from the California Highway Patrol’s
Statewide Integrated Traffic Records System (SWITRS) from 1995-2005. From this
database, strict and expanded fatigue collisions were analyzed.

6.1 Methodology

To identify spatial patterns of fatigue collisions, collision rates were calculated every 0.2
mile interval from strict and expanded fatigue datasets. Collision rates are defined as
follows:

# of Accidents in 0.2 mile segment x 108

Length of segment X AAZDT X #of years of data

Collision rate per mile =

The collision rate defined here represents the number of collisions per 100 million
(108) vehicle miles traveled. AADT represents Annual Average Daily Traffic, the annual
average number of daily vehicles traveling in both directions. To obtain a traffic volume
for a single direction, AADT was divided by 2. AADT data from 2006 was used for
analysis (Source: Caltrans http://traffic-counts.dot.ca.gov/2006all.htm, last accessed on
05/07/08).

To balance statistical fluctuations inherent in the spatial distribution of collisions across
segments, the collision rates in every 0.2 mile segment were then smoothed out by a
moving average with a 2-mile window that averaged one mile upstream and downstream of
each segment.

6.2 Results for I-5

Collision rates per mile on all freeway segments were totaled across both directions, and
then divided by the total number of collisions (i.e., a total sample of 23 collisions would
represent 11 from northbound and 12 from southbound). These aggregated results are
presented in Figures 2 and 3. Figure 2 shows the results of strict definition fatigue
collisions and all other collisions and Figure 3 shows the results of expanded definition
fatigue collisions and all others. The traffic in the figures is shown moving from left to
right. In each figure, a thin curve denotes fatigue-related collisions and a dotted curve
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represents other collisions. The y-axis on the left shows the rates of other collisions; the
right y-axis shows the rates of either strict or expanded definition fatigue collisions.
Location 0 in the x-axis indicates the location of rest areas. Horizontal lines in the figures
indicate average collision rates of fatigue-related or other collisions.

The figures show that strict and expanded definition fatigue collision rates decrease
slightly downstream of rest areas with no visible changes in collision rates due to other
factors. In general, curves for fatigue-related collisions lie above the horizontal lines (the
averages) upstream of rest areas, but this pattern is reversed downstream of rest areas.
The aggregated results suggest that rest areas are effective in reducing drivers’ fatigue.

Figure 4 shows the percentage of strict and expanded definition fatigue collisions per 0.2-
mile segment. Strict definition fatigue collisions are denoted by solid curves, while
expanded definition collisions are represented by dotted curves. Horizontal lines show the
average percentage of both types of fatigue collisions over 20 miles. The percentages of
both strict and expanded definition fatigue collisions decrease downstream of rest areas.

Results of the analysis of individual freeway segments on I-5 can be found in the data
appendix.

Other
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Figure 2. Strict Definition of Fatigue:
Aggregated Collision Results of 23 Rest Areas Over 11 Years
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Figure 3. Expanded Definition of Fatigue:
Aggregated Collision Results of 23 Rest Areas Over 11 Years
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Figure 4. Percentage of Aggregated Strict and Expanded Definition
Fatigue Collisions, Northbound

Figures 2, 3, and 4 show that fatigue collision rates decrease downstream of rest areas. To
measure the statistical significance of these changes, two sample t-tests were performed
on the collision rate data; their results are shown in Table 2.

The t-test assumes that the underlying random variables follow a normal distribution.
Note that the aggregated collision rate data (per 0.2 mile) are comprised of the average of
25 rest areas, and therefore closely follow normal distributions as stated in Central Limit
Theorem. But to further ensure the normality, the cumulative distributions (CDF) of the
samples were compared with normal distributions (see data appendix) and Kolmogorov-

23



Rest Areas, Reducing Accidents Involving Driver Fatigue

Smirnov tests® were performed. The visual comparison of two CDF indicate that the
distribution of the data generally follow the normal distribution. In addition, the p-values
of Kolmogorov-Smirnov tests (shown in table 2) indicate that the normality assumption
of the collision rates can be justified. Two-sample t-tests were then performed to
determine whether the upstream and downstream collision rates differ significantly.

Ho :ﬁ—lo = §+10
Hy iR 10> Rugg
Test statistics = t = SRD—;O - Rgg :
Bt [V e 5 1]
R \/ N1 N.i10
Here, R ,, and SD ,, respectively indicate the mean and the standard deviation of the

0.2-mile average collision rates within 10 miles upstream of rest areas, and R, , and
SD,,, are the mean and the standard deviation of the 0.2-mile average collision rates
within 10 miles downstream of rest areas. The number of samples for each direction is 50
(10 miles/0.2 mile). The test results (p-value) indicate that all four types of collision rates
(strict fatigue, strict other, expanded fatigue, and expanded other) decreased significantly
with a significance level of alpha=0.05. The results suggest that rest areas are effective in
reducing the number of all types of collisions within a vicinity of 10 miles.

Table 2. Summary of Test Statistics for 10-Mile Up/Downstream Fatigue Collisions

Strict Fatigue Strict Other Exp. Fatigue Exp. Other
Up Down Up Down Up Down Up Down
Mean 2.26 1.97 13.59 | 12.80 3.71 3.32 12.06 | 11.45
SD 0.4275 | 0.3629 | 1.0780 | 0.6626 | 0.7524 | 0.4031 | 0.9450 | 0.7606

P-value of

Kolmogorov- |, 5265 | 06808 | 0.1682 | 0.0031 | 0.9458 | 0.4213 | 0.6725 | 0.9597
Smirnov test

for normality

t-stat of two-

3.67 4.15 3.23 3.54
sample test
P-value of
two-sample 1.95E-04 3.57E-05 8.54E-04 3.10E-04
t-test

® The Kolmogorov-Smirnov test is used to ascertain whether samples follow a specific distribution (e.g.,
normal). For the normality test:

Hg, Null hypothesis: the data follow the normal distribution

H;, Alternative hypothesis: the data do not follow the normal distribution

If p-value is lower than the level of significance (e.g.,0.05), then the null hypothesis is rejected.
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Two sample t-tests were performed on the percentages of the average fatigue collision
rates (per 0.2 mile) to determine whether they were significantly higher within 10 miles
upstream than within 10 miles downstream.

Ho :5—10 = '3+10

H, :5—10 > F_)+10

- Pyo-P
Test statistics = t=%
SD4, N SDi1o
N_19 N.10

Here, P, and SD ,, respectively indicate the mean and the standard deviation of the
0.2-mile average percentages of collision rates within 10 miles upstream of rest areas,
and P, and SD,,,are the mean and the standard deviation of the 0.2-mile average
percentages of collision rates within 10 miles downstream of rest areas. The number of
samples for each direction was 50 (10 mile/0.2 mile).

The results of the t-tests are shown in Table 3. The percentages of strict fatigue collision
rates become lower downstream of rest areas, at a 0.05 significance level. For the
expanded definition fatigue collisions, there were no significant differences between
downstream and upstream.

Table 3. Summary of Test Statistics for 10-Mile Up/Downstream Fatigue Collisions

Percentage, Strict Fatigue Percentage, Expanded.Fatigue

Up Down Up Down
Mean 14.27 13.30 23.43 22.51
SD 2.4430 2.3322 3.8474 2.8294
P-value of
Kolmogorov- 0.3873 0.5244 0.9679 0.9868
Smirnov test for
normality
t-stat of 2.0196 1.3562
two-sample test
P-value of
two-sample 0.0231 0.0891
t-test

To further confirm that the percentages of fatigue collisions within 10 miles upstream
were significantly higher than those within 10 miles downstream, two sample binomial
tests were performed on the collision data.
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Ho : P10 = Pi1o
Hi P10 > Piao

P10 — P10
\/ P_g0 % (L= P_g0) n Py10 % A= Py10)
N_10 N0

Test statistics = z=

In the equation, p_,, indicates the percentage of fatigue collisions within 10 miles of rest
areas and p,,, represents the percentage of fatigue collisions beyond 10 miles of rest
areas. The data used here are not the collision rates, but the number of fatigue and non-
fatigue collisions within 10 miles of rest areas. The data and the results of the binomial
test are shown in Tables 4 and 5. The results indicate that the percentage of fatigue
collisions within 10 miles downstream are significantly lower than for 10 miles upstream,
with 0.05 significance level, suggesting that rest areas are effective in reducing the
number of fatigue collisions.

Table 4. Test Statistics on Aggregated Strict Fatigue and Other Collisions

# of Fatigue # of Non-Fatigue Percentage of
Collisions Collisions Fatigue Collisions
10 miles upstream 255 1639 15.56 %
10 miles downstream 227 1727 13.14 %
Z statistics 2.1355
p-value 0.016

Table 5. Test Statistics on Aggregated Expanded Fatigue and Other Collisions

# of Fatigue # of Non-Fatigue Percentage of
Collisions Collisions Fatigue Collisions
10 miles upstream 428 1462 29.28 %
10 miles downstream 403 1553 25.94 %
Z statistics 2.3068
p-value 0.011
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7. SPATIALANALYSIS — COLLISIONSAS A
FUNCTION OF DISTANCE FROM REST AREAS

The spatial analysis in this chapter examines strict and expanded definition fatigue
collisions, as well as collisions caused by other factors. The focus is on the spatial
patterns of fatigue-related collisions between two successive rest areas; how distances
traveled by drivers from rest areas influenced the likelihood of fatigue collisions.

7.1 Methodology

The objective of the present study is to qualitatively identify unique effects of drivers’
fatigue on collision densities—the number of collisions per mile—between rest areas. For
this purpose, oblique cumulative collision counts due to fatigue and non-fatigue factors
were constructed between rest areas in each direction of I-5, 8, 10, and CA-101 in the
following manner:

Step 1. Collisions that occurred in both directions between two rest areas were sorted by
the distance drivers traveled between the origin rest area and the destination rest area.

Step 2. The cumulative counts of collisions due to fatigue and non-fatigue factors were
constructed with the x-axis representing traveled distances from the origin rest area, as
shown in Figure 5.
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Figure 5. Cumulative Collision Counts Due to Fatigue and Non-Fatigue Factors

Step 3. A secondary vertical axis was added on the left for fatigue collisions. The number
of non-fatigue collisions is significantly higher than that of fatigue collisions. As a result,
if they are plotted in the same scale, changes in fatigue collisions are barely noticeable.
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Figure 6. Comparison of Cumulative Collision Counts (Step 3)

Step 4. The cumulative count curves were plotted on an oblique coordinate system so
that changes in the slopes (collision densities) of the curves were amplified and visible to
the naked eye. This process involved subtracting a constant arbitrary collision rate from
the cumulative counts:

cthlqueE@ = ﬂ-:vr'l.glr:ra.l [:f‘i.l —-q X Ed_ dl}:l

where

Cobtigu= (F) = cumulative counts at a distance d in an obligue coordinate system

C i . .
zsipimal () = cumulative counts at a distance d from the step 2

g = a background rate, a constant arbitrary collision rate
e = distance from the origin rest area
d, = location of the origin rest area, which equals 0.
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Figure 7. Obliqgue Cumulative Collision Counts (Step 4)
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In the figures, traffic is shown moving from origin rest areas (where traveled distances
are 0 in x-axes) to the right. Also, the y-axes of these plots should be interpreted with
caution; they indicate cumulative collision counts minus ¢ * (& — &}, because of the
rescaling process in step 4.

In addition, various factors such as Annual Average Daily Traffic (AADT) and geometric
configurations influenced both fatigue and non-fatigue collisions, while drivers’ fatigue
affected only fatigue collisions. This study did not explicitly incorporate various factors
in the analysis, but it implicitly isolates the effect of drivers’ fatigue from other factors by
comparing the cumulative counts of fatigue collisions with the non-fatigue counterpart.
For example, if there was a change in the slope of the cumulative counts of fatigue
collisions at a certain location, with no change in non-fatigue collisions (or vice versa), it
was assumed that this difference was triggered solely by drivers’ fatigue.

7.2  Analysis of Aggregated Collision Data

Collision data from 34 freeway segments of I-5, 8, 10, and CA-101 were aggregated to
identify general spatial patterns of fatigue collisions. These freeway sections have
different traffic volumes, number of lanes, and other geometric factors, however, it is
assumed that these factors influence both fatigue and non-fatigue collisions. Therefore, if
there is a unique spatial pattern found in fatigue collisions that does not appear in non-
fatigue collisions, the difference is determined to be caused by driver fatigue. The
purpose of this analysis is to identify a unique spatial pattern in fatigue collisions.

The length of freeway segments between two rest areas varied among the study sites,
ranging from 21 miles to 335 miles. In the case of longer freeway segments, it is
reasonable to assume that there are equivalent numbers of rest areas in between. In fact,
FHWA (FAPG NS 23 CFR 752 Non-Regulatory Supplement) recommends the spacing
of an hour's driving time or less between two rest areas unless an extenuating
circumstance can be established. To avoid possible distortions caused by including longer
freeway sections without rest areas, collision data from 34 freeway segments with lengths
of less than 80 miles between rest areas were aggregated into one dataset and then
analyzed.
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Figure 8. Discount Factors for Cumulative Collision Counts

In the aggregated dataset, all freeway segments generate collision data in the downstream
vicinity of the origin rest area. However, as distance from the origin rest area increases,
fewer freeway segments contribute to the data because of the differences in their lengths.
For this reason, when collisions from such locations are weighted with the same extent —,
collision densities in the aggregated dataset decrease as the traveled distance increases.

In light of this, discount factors (1/the number of freeway segments longer than a certain
distance) were multiplied by cumulative numbers. Figure 8 shows the discount factors
used in this study for the aggregated dataset. As Figure 8 shows, the discount factor up to
25 miles is 1/34, which is the reciprocal of the total number of freeway sections. The
discount factor beyond 67 miles is 1, indicating that there was only one freeway segment
of this length.
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Figure 9. Oblique Cumulative Collision Counts Based on the Strict Definition
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Figure 10. Oblique Cumulative Collision Counts Based on the Expanded Definition

Figures 9 and 10 were generated using the methods described above for the strict and
expanded definitions of fatigue Thick curves represent collisions due to non-fatigue
factors, while thin ones represent collisions due to fatigue. Two different background
rates for fatigue and non-fatigue collisions are used because of higher non-fatigue
collision densities. This difference in rates is used only for scaling purposes—changing
slopes—and does not affect any data integrity.

In both figures, collision densities—the slope of the curves—of fatigue collisions
increased at about 30 miles downstream from the origin rest area, while collision
densities of non-fatigue collisions decreased. The dotted vertical lines in the figures
indicate the location of the marked change in collision densities. One possible
explanation for these phenomena is that drivers were more exhausted as they traveled
further from rest areas, resulting in increased fatigue collision densities at about 30 miles
downstream. The pattern was repeated in each freeway section and is discussed in greater
detail in the appendix. When examined individually, the densities of fatigue-related
collisions tended to increase at approximately 20 to 40 miles downstream of the origin
rest area.

Interestingly, these collision patterns may be caused by geometric factors. It is possible
that roadway environment and design within 30 miles of rest areas are significantly
different from the environment and design beyond 30 miles downstream. It is likely that
segments within 30 miles of rest areas are likely to be in urban, more densely populated
areas, while areas beyond 30 miles are likely to be rural. This factor might cause the
increases in fatigue collisions and the decreases in non-fatigue collisions beyond 30 miles
of rest areas.

It is also possible that these phenomena may be triggered by inaccuracies in police
reports. Drivers may be reported as fatigued in collisions that occur further downstream
from rest stops, leading to the over-reporting of fatigue collisions and the under-reporting
of non-fatigue collisions after 30 miles.
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To determine the significance level of the changes in collision densities, two-sample t-
tests were performed on fatigue collision density data per mile.

Ho :D_3 =D.g

H; :D30 < Dyg0

foti D4, -D.
Test statistics = t:%
SD% , SDizo
N 30 N30

Here, D5, and SD g, respectively designate the mean and the standard deviation of the
1-mile average fatigue collision densities within 30 miles downstream of rest areas, and
D, and SD,g, represent the mean and the standard deviation of the 1-mile average
fatigue collision densities beyond 30 miles downstream of rest areas. The data analyzed
for this study were the averages (the sum) from the freeway segments, which
approximated the normal distribution by Central Limit Theorem. The number of freeway
segments decreased from 34 to 1 as traveled distances increased; when traveled distances
were longer than 67 miles, the average collision densities were, in fact, based on only one
freeway section, not the sum of random variables. Therefore, the collision densities
beyond 67 miles were not likely to follow the normal distribution. For this reason,
collision densities beyond 67 miles were truncated and eight strict definition fatigue
collisions in this region were excluded.

T-test results with the findings of Kolmogorov-Smirnov tests are shown in Table 6. The
test results (p-value) show that the average of the fatigue collision densities significantly
increased beyond 30 miles downstream of rest areas.

Table 6. Summary of Test Statistics for 30-Miles Within/Beyond Rest Areas

1-Mile Collision Densities, 1-Mile Collision Densities
Strict Fatigue Expanded Fatigue
Within 30 Beyond 30 Within 30 Beyond 30
Mean 1.09 1.51 1.54 1.86
SD 0.2105 0.5167 0.2343 0.4499
P-value of
Kolmogorov-Smirnov 0.2923 0.9515 0.6697 0.7607
test for normality
t-stat of two-sample test -4.4061 -3.7965
P-value of
two-sample 2.81E-0.5 1.81E-04
t-test
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In addition, to determine whether there were any significant changes in the densities of
other types of collisions, two-sample t-tests were performed on 1-mile non-fatigue
collision density data.

Hp: 5(0)_30 = 5(0)+3o
H,: 5(0)-30 > 5(0)+30

B(0)—30 - 5(0) +30

Test statistics = t= . ;
\/SD(O)so , SDO)so

N_30 N30

Here, D (0)_3 denotes the mean and SD(0)_s, indicates the standard deviation of the
1-mile average non-fatigue collision densities within 30 miles downstream of rest areas,
and 5(o)+30 and SD(0),5, represent the mean and the standard deviation of the 1-mile
average non-fatigue collision densities beyond 30 miles downstream of rest areas.

The results of the tests are shown in Table 7, and indicate that non-fatigue collision
densities within 30 miles downstream are significantly higher than those beyond 30 miles,
with a significance level of 0.05. This pattern was the opposite for fatigue collision
densities.

Table 7. Summary of Test Statistics for 30-Miles Within/Beyond Rest Areas

1-Mile Collision Densities, 1-Mile Collision Densities,
Strict Non-Fatigue Expanded Non-Fatigue
Within 30 Beyond 30 Within 30 Beyond 30
Mean 9.78 8.88 8.68 7.70
SD 1.8069 2.3955 1.6815 2.2438
P-value of
Kolmogorov-Smirnov 0.8016 0.8618 0.9025 0.5767
test for normality
t-stat of two-sample test 2.0943 2.5018
P-value of
two-sample 0.0201 0.0075
t-test
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Figure 11. Percentage of Collisions, Strict Definition of Fatigue
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Figure 12. Percentage of Collisions, Expanded Definition
of Fatigue: 34 Rest Areas, 11 Years Data

Figures 11 and 12 show the percentages of fatigue collisions in 1-mile intervals, from the
strict and the expanded aggregated datasets. The percentage of non-fatigue collisions in
each interval is 100% minus the percentage of fatigue collisions. Horizontal lines in the
figures indicate the average percentage of fatigue collisions over the entire freeway
segment. The figures reveal the same pattern shown in Figures 9 and 10. The percentage
of fatigue collisions increased at about 30 miles downstream from the origin rest areas in
both figures. Fluctuations at about 60 miles were caused by low sample sizes, which can
be seen in Figure 8.
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With these percentage data, two-sample binomial tests were performed to determine
whether the percentage of fatigue collisions beyond 30 miles downstream from rest areas
was significantly higher than the percentage within 30 miles downstream.

Ho - Pso = Puso
H,: Pgp < Plso

P_30 — Piso
\/ P_go X (1= Pg) + P30 X (1= Piso)

n—SO n+30

Test statistics = z=

In the above equation, P ,, indicates the percentage of fatigue collisions within 30 miles
downstream of rest areas and p,;, represents the percentage fatigue collisions beyond 30
miles downstream of rest areas. The test statistics z follows standard normal distribution.
The results of the statistical tests on strict and expanded fatigue collisions are shown in
Tables 8 and 9. The results show that both p-values are almost 0. Therefore, the results of
two-sample binomial tests indicate that the percentages of both types of fatigue collisions
beyond 30 miles downstream of rest areas are significantly higher than those within 30
miles downstream.

Table 8. Fatigue and Non-Fatigue Collisions Within/Beyond 30 Miles of Rest Areas,
Strict Definition: 34 Rest Areas, 11 Years Data

# of Fatigue # of Non-Fatigue Percentage of
Collisions Collisions Fatigue Collisions
Within 30 miles 1001 9017 11.10 %
Beyond 30 miles 706 4268 16.54 %
z statistics -8.87
p-value 3.60E-19

Table 9. Fatigue and Non-Fatigue Collisions Within/Beyond 30 Miles of Rest Areas,

Expanded Definition: 34 Rest Areas, 11 Years

# of Fatigue # of Non-Fatigue Percentage of
Collisions Collisions Fatigue Collisions
Within 30 miles 1413 7987 17.69 %
Beyond 30 miles 875 3739 23.40 %
Z statistics -71.75
p-value 4.71E-15
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8. REST AREA CLOSURES

The impact of rest area closures could not be assessed in the present study due to lack of data.

Name of

Date

Freeway Rest Area Closure Information Closed District County
15N Valley Closed for upgrades, | April 8 San Bernardino
Wells expected to open 2006
August 2008
15S Valley Closed for upgrades, 8 San Bernardino
Wells expected to open
August 2008
40E John Closed for upgrades, | October 8 San Bernardino
Wilkie expected to open 2006
May 2008
46E Shandon Closed for 5 San Luis Obispo
approximately 20
days from roughly
September 21, 2004
to October 12, 2 004
for a roof
repair project
101S Moss 1/4/2006 August 1 Mendocino
Cove 2006
101N Irvine Partially closed from May 1 Mendocino
Lodge 1/4/2006. Temporary | 2006

lighting and portable
facilities provided
at Irvine Lodge truck
parking area.

Source: http://www.dot.ca.gov/hg/maint/ra/Statewide.htm, accessed on August 2008.
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9.

FATIGUE RAMP ANALYSIS

An analysis of ramp collisions on I-5 was completed as part of this study, using 11 years
of data (1994-2004) from TASAS. For the analysis, the number and characteristics of
collisions associated with on- and off-ramps connected to rest areas were compared with
those occurring on all other ramps on I-5. Highway collisions that occurred outside of the
vicinity of ramps were not included. Also, collisions in Caltrans Districts 7, 11 and 12
(LA, SD and ORA counties) were excluded from this analysis due of a lack of rest areas
in those districts. TASAS data assigns a code to denote Intersection/Ramp Accident
Location. The location of each ramp location code is schematically represented in Figure
13, and the location codes are described as follows:
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IRL#1: Collisions that occurred within 50 feet of the ramp exit; marked as “ramp
intersection (exit) collisions.”

IRL#2: Collisions located on the ramp, but not within 50 feet of either the
entrance or the exit of the ramp; marked “ramp collision.”

IRL#3: Collisions that occurred within 50 feet of the ramp entrance; marked
“ramp entry collision.”

IRL#4: Collisions that occurred on the intersection of the ramp area and the
cross street of the ramp. In cases of ramps connecting to rest areas, this is often
the location of the rest area. As will be addressed in the next analysis, these
collisions contribute to a majority of ramp collisions and have different
characteristics compared with collisions at other locations on ramps. These
locations include rest area parking lots, which produce a higher rate of collisions
than other locations due to parking activities.

Figure 13. Ramp Location Code (IRL) From TASAS Data
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Table 10 summarizes collisions on ramps connected to rest areas and all other ramp
collisions. The total number of collisions on ramps connected to rest areas was
substantially lower than the total number of collisions on all other ramps due to the
relatively small number of ramps that are connected to rest areas. However, the number
of collisions per ramp for ramps connected to the rest areas, 4.4, is relatively close to the
number of collisions per ramp for all the other ramps, 6.8.

By excluding IRL#4 collisions, the number of collisions per ramp on the rest area ramps
drops to 1.0, and the number of collisions per ramp for all the other ramps drops to 4.3.

Table 10. Summary of Collisions on Ramps Connected to Rest Areas
and Collisions at All Other Ramps

Other Rest Area

Ramps Ramps
Total # of collisions 5641 367
Total # of ramps 826 83
Collision per ramp 6.8 4.4
Total # of collisions except IRL#4 3580 84
Collision per ramp except IRL#4 4.3 1.0

Detailed analysis of collisions in rest areas, which is presented in the data appendix,
reveals that trucks were the primary vehicle type involved in rest area ramp collisions.
The primary collision factor was “other,” followed by ‘improper turns.” The primary type
of collision was a ‘sideswipe’ collision followed by ‘hit object” collisions. This order of
importance was altered when IRL#4 collisions were excluded from the data. ‘Parked,
parking” movement caused the maximum number of collisions in rest areas compared
with ‘proceeding straight’ movement on other ramps. However, by excluding IRL#4
collisions, ‘proceeding straight” movement also caused the most collisions on rest area
ramps, although collisions still remained highly correlated to parking activities (parked,
parking, backing) compared with collisions on ramps not connected to rest areas. This
implies that some rest areas are deficient in available parking spaces, resulting in possible
unsanctioned parking activities in connected on/off-ramp areas. While parking on ramps
at rest areas may be illegal, continuing to drive while drowsy may also be illegal if it
violates commercial vehicle driving hours or leads to a fatigue-related accident. With
inadequate available parking, drivers face difficult choices.
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10. INFORMAL TRUCK STOPS

California Highway Patrol has compiled a list of locations that, although not formally
designated as rest areas, are used by truck drivers for that purpose. Large numbers of
trucks are parked for extended periods on the ramps at these locations. In this chapter, the
characteristics of truck collisions on ramps and on the highway in the vicinity of these
ramps are analyzed.

10.1 Ramp Caollisions

As in the earlier ramp analysis, TASAS 1994-2004 data was used for this analysis. Table
11 lists the locations of these informal rest areas along with the number of ramps on
which collisions took place, the total number of collisions, and the number of truck
collisions on these ramps. Fatigue-related collisions were negligible. This dataset
contains information about primary collision factor but not about party physical, drug use,
or other information used to identify collisions according to the expanded definition of
fatigue. Therefore, the only fatigue-related collisions identified in this dataset are those in
which the primary collision factor was listed as “fell asleep.’

The rate of collisions per ramp on informal rest area ramps varied from 1 to 16.5, with an
average of 7.5. This compares with a rate of 4.4 collisions per ramp (Table 10) for formal
rest areas, and 6.8 when IRL#4 collisions were included, as was the case in this analysis.
These results indicate that more collisions occur on informal rest area ramps than on
formal rest area ramps. The informal rest area ramp locations recording the highest
collision rates were on 1I-5 at South French Camp Road, 1-80 at Red Top Road, and 1-80
at Abernathy Road.

Table 11 shows that between one and four of the ramps at these locations recorded
collisions. The number of collisions varied from one at U.S. Route 101 at Wild Horse
Road, to 67 at I-5 at South French Camp Road. Three of the four informal rest areas on
I-5 experienced truck collisions, contributing to over 25% of the total collisions. The
percentage of truck collisions on the ramps varied from none (Highway 101 at Wild
Horse Road, and 1-80 at Kidwell Road) to 44% (I-5 at West Turner Road, and I-5 at
Hood Franklin Road).

Fatigue-related collisions were rare at these locations. Only one out of nine collisions
recorded at I-5 at West Turner Road had a primary collision factor of ‘fell asleep.’
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Table 11. Locations and Collision Characteristics of Informal Rest Areas

Number
of
. Number | Number
Collisions
County/ of of Truck
Route & . on Ramps - .
. . Nearest Interchange | Postmile Collisions | Collisions
Direction . /Number
City Per on
of Ramps Ram Ramps
With P P
Collisions
Interstate 80
80 West solano/ | i Red Top | 11.39 4714 11.75 8
& East Cordelia
Road
Interstate 80
Solano/ and
80 East Cordelia Abernathy 16.14 47/4 11.75 6
Road
Interstate 80
80West | Solano/ | L4 pedrick | 39.73 14/4 35 2
& East Dixon
Road
Interstate 80
80West | Solano/ | i Kidwell | 41.25 312 15 0
& East Dixon
Road
Interstate 5
5 West Sacramento/ and Hood
& East Lodi Franklin 8.49 913 3 4
Road
Interstate 5
SWest | Sacramento/ | "y i 213 20/4 5 5
& East Lodi "
Cities Road
5 West San Interstate 5
& East Joaquin/ and West 41.67 9/3 3 4
Lodi Turner Road
Interstate 5
5 West San. and South
Joaquin/ 22.54 67/4 16.75 8
& East French Camp
Stockton
Road
Highway 101
1218';‘8{? '\}”(?nmecrﬁy/ and Wild 37.31 11 1 0
gty Horse Road
217/29 7.48

‘Proceeding straight’ was the movement type that resulted in the largest number of
collisions for all the informal rest area ramps. At only two of the nine locations, other
movement types contributed to a larger percentage of collisions, ‘ran off road” (67%) for
1-80 at Kidwell and ‘slowing stopped’ (23%) for I-5 at Hood Franklin Road. The other
major contributors were ‘making left turns,” contributing to 25% of the collisions at I-5 at
Twin Cities Road, and 26% at Interstate 5 at South French Camp Road. The percentage
of collisions due to parking activities varied from none (I-80 at Kidwell Road, and
Highway 101 at Wild Horse Road) to 57% at 1-80 and Pedrick Road. Analysis of ramps
on 1-5 revealed that 31% of collisions were related to parking activity (parked, parking,
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backing, slowing, stopping, stopped) on ramps connected to rest areas excluding IRL#4
collisions, and 51% were related to parking activity when IRL#4 collisions were included.
Collisions due to parking activity represented 21% of collisions for all other ramps when
IRL#4 collisions were excluded, and 18% including IRL#4 collisions. For formal rest
areas on 1-5, 11% of collisions were due to parking activities excluding IRL#4 collisions
and 26% of collisions were due to parking activities for rest area ramps including IRL#4
collisions. For the other ramps, 1% of collisions were due to parking both excluding and
including IRL#4 collisions. Pie diagrams showing the contribution of the various
movement types to collisions are included in Appendix 5.

It is clear that a large number of collisions on rest area ramps are due to proceeding
straight and parking activities. Collisions designated as IRL#4 constitute a large
percentage of collisions due to parking activities. In comparison, informal rest area ramps
experience an even greater percentage of collisions due to parking activities.

10.2 Fatigue-Related Highway Collisions at Informal Rest Areas

This analysis was conducted using eleven years of SWITRS data from 1996 to 2006.
Fatigue-related truck collisions (strict and expanded definitions) along U.S. Route 101 in
Monterey County, I-5 in Sacramento County, I-5 in San Joaquin County and 1-80 in
Solano County were plotted along the postmiles. Informal rest area locations, formal rest
area locations and truck weigh stations were marked in order to observe their effects on
the number of highway collisions. The plots and a summary table for the plots, showing
strict definition fatigue-related collisions are included in the appendix and show the
informal rest area as a mile-long segment along which on- and off-ramps would be
present.

Kidwell Road on eastbound 1-80 recorded a three-collision location as well as a one-
collision location within one mile. The entire segment of eastbound route 80 between Red
Top Road and Kidwell Road recorded a high frequency of collisions, including a number
of two and three-collision locations. Red Top Road, Abernathy and the postmile-16 truck
weigh station, and Kidwell Road experienced decreases in the collision rate at or near the
rest areas. Southbound 1-5 and West Turner Road recorded four collisions within one
mile. The segment of southbound interstate 5 in San Joaquin County also recorded a high
number of collisions, with higher collision rates closer to informal rest areas. Eastbound
I-80 and Red Top Road, as well as northbound I-5 and Hood Franklin Road, recorded
two collisions within one mile of the informal rest area location. The segment of
northbound 1-5 in Sacramento County recorded comparatively fewer collisions. While it
recorded no collisions within a one-mile segment of the earlier informal rest area location,
Twin Cities Road, it recorded many collisions in and around the Hood Franklin Road
location.

10.3 Summary of Findings

The effect of informal rest areas on collision rates is unclear, and varies by location. In
some cases (i.e., I-5 in San Joaquin County) the absence of a rest area or truck weigh
station may have been the impetus for an informal rest area location, and may signal the
need for a formal rest area. In other cases, as along route 80, many informal rest areas
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have been established that are in some cases adjacent to or within a short distance of the
formal rest area locations, indicating either a lack of adequate facilities, or some other
source of discontent on the part of drivers.

There was a wide range in the number of collisions recorded on ramps, from minimal to
very high. The higher number of collisions may have been due to higher traffic, improper
geometry or obstruction of sight lines.

Similarly, some segments of freeway recorded a higher number of fatigue-related
collisions (strict definition) overall; these freeway segments should be analyzed for their
safety characteristics, and rest areas should be added. Route 80, particularly in the
eastbound direction, recorded a high number of such collisions. Informal rest area
locations experienced an inconsistent pattern of fatigue-related collisions, both higher and
lower than the remaining freeway segments, indicating the need for additional rest areas.
All segments of freeway analyzed for this study experienced a significant number of
strict fatigue-related truck collisions. This confirms the need for additional rest area
facilities, prioritizing segments that recorded a high number of collisions and a high
number of two or three-collision locations.
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11. DISCUSSION

This study resulted in a number of significant findings regarding the characteristics of
fatigue-related collisions, based on a literature review and analysis of SWITRS and
TASAS data. Findings and recommendations are below.

The presence of rest areas was found to lower fatigue-related collisions statistically
significantly, particularly when comparing 10-mile segments up and downstream of rest
areas. In addition, this study corroborated findings in the literature indicating that fatigue-
related collisions increase significantly beyond 30 miles of rest area locations, suggesting
that optimal placement of rest areas should be every 30 miles. However, considering
potential influences of various other collision factors, additional rigorous studies may be
required to identify the cause of this phenomenon, which may be caused by driver fatigue
beyond 30 miles, different roadway design or environment factors within and beyond the
30-mile zone, or a bias in collision reports. For this purpose, before-and-after research on
temporary rest areas closures would be an ideal future study. Such a study would prevent
the effects of other variables on collisions and verify whether the findings from the
present study are reproducible:

1. Did closures increase collision densities 30 mile downstream of rest areas?
2. Did collision densities decrease when the temporary closures ended?

A broad statewide analysis of fatigue data, which identified specific times and locations
of fatigue-related collisions was used for the analysis. The study identified the
demographics of the population prone to such crashes in order to target this group for
education and awareness measures. Further, providing information to drivers regarding
the locations of all nearby rest areas, would allow drivers to make more informed
decisions when stopping.

Rest area ramps record lower collision rates compared with other ramps, and a majority
of collisions on rest area ramps are IRL#4 collisions; the collisions that occur at the
intersection of the ramp and the highway. Collisions that occurred during parking or with
a parked vehicle were the most frequent type of collision in rest areas. These findings
may be useful in the design of rest areas in order to avoid such collisions.

Informal rest area ramps were generally found to be more dangerous than other ramps,
although only three of the nine informal rest area ramps recorded very high collision rates.
The effect of informal rest areas on fatigue-related highway collisions was inconclusive.
However, since designated rest areas appeared to reduce fatigue-related collisions, it is
recommended that adequate rest areas be provided at or near these locations. Adequate
rest areas, as described in the literature, provide food, water, restrooms, phones, safety
and convenience. Additionally, private truck stops also offer fuel, showers and a wider
range of food selections. Inadequate parking, expensive facilities, lack of security, and
time-limit enforcements have often deterred the use of designated rest areas.

Under constrained resources, there could be a tradeoff between the spacing of rest areas
and the extent of services provided at available rest areas. Further studies on fatigue-
related collisions and rest area provision could examine a number of related issues,
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including, for example, whether or not time limits should be imposed (and if so, optimal
time for such limits), and what improvements would have the greatest impact on
enhancing parking facilities. Avoiding the tragic impact of collisions that result from
driver fatigue should be a priority in future research.
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APPENDIX 1: LITERATURE REVIEW

Generally, sleep is a neurobiological activity with predictable patterns. Disruption of
these patterns, especially the circadian processes (24-hour rhythms that control our
sleep/wake cycles), sleep fragmentation, or sleep restriction and loss can result in a
diminished capacity to perform everyday tasks—such as driving—due to impairment in
the following: reaction time, vigilance, attention, and information processing
(NCSDR/NHTSA). In the extreme, it can also lead to falling asleep while driving. The
National Highway Traffic Safety Administration makes the distinction between “fatigue”
and “inattention,” defining fatigue as a “disinclination to continue” a particular task; in
the case of driving, it is not so much a disinclination to driving as it is a “progressive
withdrawal of attention to the tasks required for safe driving.” This is characterized as
inattention, which is a product of fatigue and other such factors as “preoccupation or
distractions inside the vehicle” (NCSDR/NHTSA).

Research on fatigue and its effects on collisions has a long history, characterized by a
near-constant stream of analysis in five main categories:

Characteristics and Magnitude of Fatigue Related Crashes
Effect of Fatigue on Performance

Causes of Fatigue

Countermeasures

Effect of Rest Stops on Fatigue

ISAE I

Among these, only a limited number of studies have been undertaken to understand the
effects of the distance between rest stops on fatigue collisions. One of the most
interesting studies related to this topic was conducted by researchers at Michigan State
University.” They found a correlation between the distance between rest stops and the
percentage of single vehicle crashes: “the greater the distance between rest areas, the
higher the percentage of single vehicle truck crashes.” The research team created a
“hazard model with a conditional probability format” that concluded that there was a
“significant” increase in single vehicle truck crashes once the distance between rest areas
was greater than thirty miles. The study did not, however, compare or separate
characteristics of collisions caused by fatigue-related factors and other counterparts.

To understand the effects of rest stops on fatigue collisions, the present research entails
empirical analysis of (i) unique spatial correlations between fatigue collisions and the
locations of rest stops; and (ii) general characteristics of fatigue and non-fatigue
collisions that arise in rest stops.

An extensive annotated bibliography follows.

* Taylor, W. C., N. Sung, et al. (1999). A Study of Highway Rest Area Characteristics and Fatigue Related
Truck Crashes: 1-59.
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Al.1 Annotated Bibliography: Characteristics and Magnitude of
Fatigue Related Crashes

Blower, Daniel and Kenneth Campbell. (1998)
Fatalities and Injuries in Truck Crashes by Time of Day. Ann Arbor, University of
Michigan: 1-16.

KEYWORDS

Trucks

Long-Haul Trucks
Truck-Passenger Vehicle Crashes
Fatalities

Injuries

Time Of Day

Hours-Of-Service

Driver Fatigue

ABSTRACT

The Federal Highway Administration (FHWA) currently is considering proposals to
change the regulations governing the hours-of-service (HOS) of commercial truck
drivers. The purpose of the present report is to provide information on the distribution of
crashes, injuries, and fatalities by time of day and to measure the consequences of truck
crashes by time of day, both to truck occupants and to other road users. Older sources of
VMT data (vehicle miles traveled) are used to illustrate the relative risk of day and night
travel.

About 20% of all fatal crashes and fatalities and 10% of all injuries involving a long-haul
truck (tractor pulling at least one trailer) occur between midnight and 6:00 a.m. Crashes
at night tend to be more severe, with about 435 injuries per thousand crashes between
midnight and 6:00 a.m., compared with 320 injuries per thousand for the remainder of the
day. There are about three times as many fatalities per thousand crashes midnight-6:00
a.m.

Truck travel estimates by hour of the day are not currently available. Using exposure data
classifying night as 9:00 p.m. to 6:00 a.m., truck travel during that period is associated
with a relative risk about twice that of the rest of the day. Truck driver fatigue in single-
vehicle fatal crashes is a significant factor. Driver fatigue and alcohol use in nontruck
drivers also form a significant component of the higher risk of night travel. Almost 40%
of the nontruck drivers in multiple-vehicle crashes with trucks between midnight and
3:00 a.m. had used alcohol, compared with 2.7% of the truck drivers. Fatigue was also
coded more often for nontruck drivers than for truck drivers in multiple-vehicle crashes.

URL
No URL provided.
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Bunn, T. L., S. Slavova, et al. (2005)
""Sleepiness/fatigue and distraction/inattention as factors for fatal versus nonfatal
commercial motor vehicle driver injuries.” Accid Anal Prev 37(5): 862-9.

KEYWORDS

Accidents, Occupational/*mortality
Accidents, Traffic/*mortality
Adult

Age Distribution

Attention

Case-Control Studies

Male

Matched-Pair Analysis

Middle Aged

Proportional Hazards Models
Retrospective Studies

Risk Factors

Seat Belts/utilization

Sleep Disorders, Circadian Rhythm/*epidemiology

ABSTRACT

A retrospective population-based case-control study was conducted to determine whether
driver sleepiness/fatigue and inattention/distraction increase the likelihood that a
commercial motor vehicle collision (CVC) will be fatal. Cases were identified as CVC
drivers who died (fatal) and controls were drivers who survived (nonfatal) an injury
collision using the Kentucky Collision Report Analysis for Safer Highways (CRASH)
electronic database from 1998-2002. Cases and controls were matched on unit type and
roadway type. Conditional logistic regression was performed. Driver sleepiness/fatigue,
distraction/inattention, age of 51 years of age and older, and nonuse of safety belts
increase the odds that a CVC will be fatal. Primary safety belt law enactment and
enforcement for all states, commercial vehicle driver education addressing fatigue and
distraction and other approaches including decreased hours-of-service, rest breaks and
policy changes, etc. may decrease the probability that a CVC will be fatal.

RESEARCH NOTES
URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list uids=15921653
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Carroll, R. (1998)
Impact of Local/Short Haul Operations on Driver Fatigue: Focus Group Summary
and Analysis: 1-4.

KEYWORDS
No keywords provided.

ABSTRACT
No abstract provided.

RESEARCH NOTES

URL
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Carroll, R. (2001)
Impact of Local/Short-Haul Operations on Driver Fatigue: Field Study: 1-4.

KEYWORDS
No keywords provided.

ABSTRACT
No abstract provided.

RESEARCH NOTES

URL
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Carroll, R. (2002)
Impact of Sleeper Berth Usage on Driver Fatigue: Final Report: 1-4.

KEYWORDS
No keywords provided.

ABSTRACT
No abstract provided.
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Carsten, O. (1987)
Road Class and Large Truck Involvements in Fatal Accidents. Ann Arbor, University
of Michigan: 1-35.

KEYWORDS
Medium trucks
Heavy Trucks
Accidents
Road Type

ABSTRACT

The data that have been collected by the University of Michigan Transportation Research
Institute through a follow-up on large trucks involved in fatal accidents provide the
opportunity to examine the relationship between road class and fatal accident
involvement. The fatal accident involvement rate per mile travelled for combination
trucks is calculated from University of Michigan and Federal Highway Administration
data. The rate is higher on rural non-interstates than on the other road types.

For the rest of the report, a four-way breakdown of road class is examined. This
categorizes roads into urban and rural and divided and undivided. Significant differences
in the distribution of accident factors are observed between road classes. This has
important implications for the selection of accident countermeasures in that a
countermeasure is unlikely to reduce involvements equally on all classes of road. Certain
types of accident, seeminly involving fatigue, are observed to be relatively more common
at dawn; however, this fatigue cannot be attributed to exhaustion after long hours of
driving.

RESEARCH NOTES
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Connor, J., R. Norton, et al. (2002)
"Driver sleepiness and risk of serious injury to car occupants: population based case
control study.” BMJ324(7346): 1125.

KEYWORDS

Accidents, Traffic

Adolescent

Aged, 80 and over

Automobile Driving

Case-Control Studies
Fatigue/complications/epidemiology
Female

Humans

Male

Middle Aged

New Zealand/epidemiology

Risk Factors

Sleep Deprivation/*complications/epidemiology
Wounds and Injuries/*etiology

ABSTRACT

OBJECTIVES: To estimate the contribution of driver sleepiness to the causes of car
crash injuries. DESIGN: Population based case control study. SETTING: Auckland
region of New Zealand, April 1998 to July 1999. PARTICIPANTS: 571 car drivers
involved in crashes where at least one occupant was admitted to hospital or killed
("injury crash™); 588 car drivers recruited while driving on public roads (controls),
representative of all time spent driving in the study region during the study period. MAIN
OUTCOME MEASURES: Relative risk for injury crash associated with driver
characteristics related to sleep, and the population attributable risk for driver sleepiness.
RESULTS: There was a strong association between measures of acute sleepiness and the
risk of an injury crash. After adjustment for major confounders significantly increased
risk was associated with drivers who identified themselves as sleepy (Stanford sleepiness
score 4-7 v 1-3; odds ratio 8.2, 95% confidence interval 3.4 to 19.7); with drivers who
reported five hours or less of sleep in the previous 24 hours compared with more than
five hours (2.7, 1.4 to 5.4); and with driving between 2 am and 5 am compared with other
times of day (5.6, 1.4 to 22.7). No increase in risk was associated with measures of
chronic sleepiness. The population attributable risk for driving with one or more of the
acute sleepiness risk factors was 19% (15% to 25%). CONCLUSIONS: Acute sleepiness
in car drivers significantly increases the risk of a crash in which a car occupant is injured
or killed. Reductions in road traffic injuries may be achieved if fewer people drive when
they are sleepy or have been deprived of sleep or drive between 2 am and 5 am.

URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list_uids=12003884
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Connor, J., R. Norton, et al. (2001)
"Prevalence of driver sleepiness in a random population-based sample of car
driving." Sleep 24 (6): 688-94.

KEYWORDS

Adolescent

Adult

Automobile Driving

Disorders of Excessive Somnolence/*epidemiology
Fatigue/epidemiology

Population Surveillance

Questionnaires

Severity of llIness Index

ABSTRACT

STUDY OBJECTIVES: To obtain reliable estimates of the prevalence of driver
sleepiness. DESIGN: A two-stage cluster sampling technique was employed to obtain a
sample of car drivers representative of time spent driving on public roads in a
geographically defined region. Data were collected by interviewer-administered
questionnaire, and analyzed in accordance with the sampling design. SETTING: The
Auckland region of New Zealand, between April 1998 and July 1999. PARTICIPANTS:
588 drivers of cars and other light vehicles recruited at 69 roadside survey sites.
MEASUREMENTS AND RESULTS: Of 746 eligible participants, 79% were
interviewed, 12% refused, 8% were untraceable, and 1% were unable to give informed
consent. From this sample we estimated that 58.7% of driving was undertaken by men.
The vast majority of driving (90.8%) was undertaken by drivers with Epworth Sleepiness
scores in the normal range (<10), but a significant minority was undertaken by drivers
with one or more characteristics likely to impair alertness. 3.1% had < or = 5 hours sleep
in the previous 24 hours, and 21.9% had < or = 4 full nights sleep in the previous week.
The triad of symptoms associated with sleep apnea (snoring, choking, and breathing
pauses while sleeping) was present in 1.6%; and 8.1% worked a pattern of shifts likely to
interfere with normal sleep. CONCLUSION: The prevalence of sleepiness amongst a
random sample of New Zealand car driving was low, and less than suggested by previous
studies.

URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list_uids=11560182
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Connor, J., G. Whitlock, et al. (2001)
""The role of driver sleepiness in car crashes: a systematic review of epidemiological
studies." Accid Anal Prev 33(1): 31-41.

KEYWORDS

Accidents, Traffic/prevention & control/*statistics & numerical data
Automobile Driving

Fatigue

Humans

Research Design

Sleep Stages

ABSTRACT

To assess the available evidence for a causal role of driver sleepiness in car crashes or car
crash injury, and to quantify the effect, a systematic review of the international literature
was conducted. The review included all studies with a fatigue-related exposure measure,
a crash or crash injury outcome measure and a comparison group, regardless of
publication status, language or date of the study. Eighteen cross-sectional studies and one
case-control study fulfilled the inclusion criteria. The fatigue-related exposures
investigated in these studies were sleep disorders (n = 14), shift work (n = 2), sleep
deprivation/fragmentation (n = 1), and excessive daytime sleepiness (n = 2). Only one
study used an injury outcome measure. Studies were limited in their ability to establish a
causal relationship by their design, by biases, and in many cases, by small sample sizes.
The better quality cross-sectional studies were suggestive of a positive relationship
between fatigue and crash risk, but could not provide reliable estimates of the strength of
the association. The case-control study provided moderately strong evidence for an
association between sleep apnea and risk of driver injury, with an adjusted odds ratio of
7.2 (95% confidence interval 2.4-21.8). We conclude that the direct epidemiological
evidence for a causal role of fatigue in car crashes is weak, but suggestive of an effect. To
estimate the burden of injury due to fatigue-related crashes in the population, information
is required from well-designed observational epidemiological studies about the
prevalence of fatigue in the car driving population and the size of the risk this confers.

RESEARCH NOTES
URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list_uids=11189120
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Dinges, D. F. and G. Maislin (1998)

Final Report: Evaluation of Techniques for Ocular Measurement as an Index of
Fatigue and as the Basis for Alertness Management. Washington, DC, National
Highway Traffic Safety Administration: 1-113.

KEYWORDS

Drowsy Driving

Fatigue

Driver Monitoring

Driving Simulation

Vigilance

Driver Impairment
Drowsiness Detection
Technology Validation
Psychophysical Measurement

ABSTRACT

This final report establishes the scientific validity of the ocular measure "Perclose™ as a
generally useful and reliable nidex of lapses in visual attention, i.e. the percentage of
eyelid closure over the pupil. Perclose was previously specified as a relevant measure of
drowsiness in several driving simulator studies (NHTSA Final Report, DOT HS 808
640). In the present research, further validation of Perclose was established among other
measures, in a controlled sleep deprivation study, using a well-known psychophysical
index of lapses in visual attention, i.e. Psychomotor Vigilance Task (PVT). The present
study provides the scientific and practical basis to relate real-time lapses in visual
attention to over-the-road driving performance.

RESEARCH NOTES
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Drobnich, D. (2005)
"A National Sleep Foundation’s conference summary: the National Summit to
Prevent Drowsy Driving and a new call to action.” IndHealth_43(1): 197-200.

KEYWORDS

Accidents, Traffic/mortality/*prevention & control/psychology
Automobile Driving/*psychology
Fatigue/physiopathology/*prevention & control

Foundations

Program Development

Public Policy

Sleep Initiation and Maintenance Disorders/*physiopathology
United States/epidemiology

ABSTRACT

On November 20-21, 2002, the National Sleep Foundation (NSF), a U.S.-based non-
profit organization, and a coalition of other organizations, federal agencies and
corporations convened a National Summit to Prevent Drowsy Driving at the National
Academy of Sciences in Washington, DC. The Summit brought together experts in the
fields of transportation, safety and health, sleep research, and communications as well as
advocates to assist in the creation of a comprehensive national agenda to increase
awareness about the dangers of drowsy driving. Recommendations from the Summit
formed the basis of post-summit activities, including the development of a new Web site
(www.drowsydriving.org) dedicated to the prevention of driver fatigue and a report, the
National Action Plan to Prevent Drowsy Driving, which describes a series of action items
for national, state and local initiatives in the areas of research, public policy, and
educational programs.

RESEARCH NOTES
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Garbarino, S., L. Nobili, et al. (2001)
""Sleep related vehicle accidents on Italian highways.” G Ital Med LavErgon 23(4):
430-4.

KEYWORDS

Accidents, Traffic/*statistics & numerical data
Adult

Age Distribution

Age Factors

Aged

Analysis of Variance

Incidence

Italy/epidemiology

Middle Aged

Poisson Distribution

Sleep Disorders, Circadian Rhythm/*epidemiology
Time Factors

ABSTRACT

Sleepiness has been identified as a significant risk factor for vehicle accidents, and
specific surveys are needed for Italy. The aim of this study was to assess incidence and
characteristics of sleep-related vehicle-crashes on Italian highways. The database of the
Italian National Institute of Statistics (1993-1997) was the source for the survey (50859
accidents with 1632 (3.2%) ascribed to sleep by the police). The distribution of accidents
was evaluated by means of the analysis of variance considering the year, the day of the
week, the age and the time of day and their interactions as main factors. The relative risk
of sleep-related accidents was also evaluated with reference to the relative traffic density
as estimated by the Italian Highways Society. The counts of sleep-related accidents, and
even more the relative risk, revealed the presence of peaks and troughs in zones at a
higher level of sleepiness and alertness respectively. Death of the driver occurred in
11.4% of sleep related accidents versus 5.6% in general accidents. The great majority of
sleep-related accidents occurred to drivers under 35 (61.4%) mainly during the night with
an increasing trend in the yearly number of sleep-related accidents, especially on
weekends. Therefore sleepiness appears a remarkable risk factor and, in our opinion, its
incidence as sole or contributory cause of accidents on lItalian highways is still
underestimated.
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Glaze, A. L. and J. M. Ellis (2003)
2002 Pilot Study of Distracted Drivers, Virginia Commonwealth University: 1-60.

KEYWORDS
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Hakkanen, H. and H. Summala (2000)
""Sleepiness at work among commercial truck drivers." Sleep_23(1): 49-57.

KEYWORDS

Accidents, Traffic

Adult

Fatigue/*diagnosis/etiology

Male

Middle Aged

Motor Vehicles

Occupational Diseases/*diagnosis/etiology
Risk Factors

Self Care

Sleep Apnea, Obstructive/diagnosis

Sleep Disorders, Circadian Rhythm/*diagnosis/etiology
Work Schedule Tolerance

ABSTRACT

Two separate groups consisting of both long-haul (N=184) and short-haul (N=133) truck
drivers were surveyed to examine the frequency of driver sleepiness-related problems at
work during the previous three months and to assess the incidence of sleep apnea
syndrome symptoms. We also aimed to identify factors likely to predict self-reported
difficulties in staying alert in work driving, dozing off (sometimes referred to as
microsleep) at the wheel and near misses. The responses suggest that for approximately
13% of the long-haul drivers the mean driving time per shift exceeded the EEC
regulation. About 40% of the long-haul drivers and 21% of the short-haul drivers
reported having problems in staying alert on at least 20% of their drives. Over 20% of the
long-haul drivers also reported having dozed off at least twice while driving. Near misses
due to dozing off had occurred in 17% of these drivers. Factors indicating sleep apnea
syndrome occurred in only about 4% of the long-haul drivers and in only two short-haul
drivers. Work and individual related factors as well as factors indicating sleep apnea
syndrome contributed only slightly to predicting driver sleepiness-related problems. This
suggests that driver sleepiness-related problems tend to be shared by many of the
professional drivers, rather than being a "specific" and permanent problem for a smaller
portion of drivers. However, difficulties in sleep patterns, such as having difficulty falling
asleep, were infrequent.
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Haraldsson, P. O. and T. Akerstedt (2001)
"Drowsiness—qgreater traffic hazard than alcohol. Causes, risks and treatment.*"
Lakartidningen_98(25): 3018-23.

KEYWORDS

Accidents, Traffic/prevention & control/psychology

Disorders of Excessive Somnolence/complications/physiopathology/psychology
Male

Middle Aged

Narcolepsy/complications/physiopathology/psychology

Risk Factors

Sleep Apnea, Obstructive/complications/physiopathology/psychology

Sleep Disorders/*complications/physiopathology/psychology

Sleep Disorders, Circadian Rhythm/complications/physiopathology/psychology
Sleep Stages/physiology

ABSTRACT

Stress and shortage of sleep may cause daytime somnolence and impaired vigilance at the
wheel, especially among those suffering from sleep disturbances. According to the
international consensus meeting in Stockholm in May of 2000 on "The sleepy driver and
pilot--causes, risks and countermeasures”, drowsy driving is an underestimated risk factor
in official statistics, and as many as 15-30 percent of today's traffic accidents are related
to drowsiness; thus it is an even greater risk factor than alcohol. Drowsy drivers suffer
from inattention, impaired concentration and may even fall asleep at the wheel. Accidents
during dozing result in three times as many fatalities as other accidents. There are a
number of reasons for habitual drowsiness at the wheel aside from sleep deprivation,
including rhonchopathy, shift work and jet lag, mental depression, insomnia, narcolepsy,
endocrinological diseases, periodic limb movement disorder, medication, pain-disordered
sleep, and heart disease. Among the most active drivers, i.e. middle aged men,
obstructive sleep apnea syndrome (OSAS) has been found to be the most common reason
for habitually drowsy driving. OSAS causes a 2-3 fold increased risk of traffic accidents,
and it impairs simulated driving. Palatoplasty as well as nasal CPAP have been shown to
improve vigilance and driving performance to an extent that the increase in risk is
eliminated. Drivers suffering from habitual drowsiness and micro-sleep attacks forcing
them to take repeated rests are at special risk. Even if they are as dangerous as drivers
with unlawful blood alcohol levels they cannot be caught in a police checkpoint.
However they often seek medial advice, and properly treated they may often return safely
to traffic. If not, there could be a need to report them to the authorities so as to limit or
prohibit their driving.
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Hertz, R. P. (1988)
"Tractor-trailer driver fatality: the role of nonconsecutive rest in a sleeper berth."
Accid Anal Prev_ 20(6): 431-9.

KEYWORDS

Accidents, Traffic/*mortality
Circadian Rhythm
Fatigue/*complications
Regression Analysis

Risk Factors

Sleep Deprivation

Time Factors

ABSTRACT

Federal regulation allows truck drivers to use sleeper berths to accumulate eight hours of
off-duty rest in two separate periods. Because sleep disruption may cause fatigue and
deterioration of performance, a study was conducted to evaluate the association between
sleeper-berth use in two periods and tractor-trailer driver fatality. Using Bureau of Motor
Carrier Safety Reports, crashes that resulted in tractor-trailer driver fatality were
compared with property damage crashes. After adjusting for confounding variables by
logistic regression, tractor-trailer driver fatality was found to be significantly associated
with sleeper-berth use in two shifts (odds ratio = 3.05). Statistically significant but
weaker associations were found between driver fatality and rural district, night driving,
gross vehicle weight of 72,000 pounds or more, single-vehicle collision, intercity trip,
and employment on an occasional basis.
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Horne , J., and Reyner, Louise (2001)
""Sleep-related vehicle accidents: some guides for road safety policies."
Transportation Research Part F: Traffic Psychology and Behaviour 4(1): 11.

KEYWORDS
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Vehicle accidents
Safety policies
Countermeasures
Sleep disorders

ABSTRACT

Sleep-related vehicle accidents (SRVAs) are a common form of highway accident, often
wrongly attributed to other causes. SRVAs typically involve running off the road or into
the back of another vehicle, with no braking beforehand. Because of a high impact speed
these accidents are often serious. SRVAs peak around 02:00-06:00 hand 14:00-16:00 h,
when daily sleepiness is naturally higher. Hence, time of day is a critical factor, as
important as the duration of the drive. Most SRV As are not due to sleep pathology. Many
are work-related. Non-sleeping "rest" is no substitute for sleep. Sleep does not occur
spontaneously without warning, and is preceded by feelings of increasing sleepiness of
which drivers are quite aware. Driving impairment is usually worse than is realized by
the sleepy driver. The best countermeasure is sleep, or even a short nap. Even more
effective is the combination of a nap with caffeine. © 2001 Elsevier Science Ltd. All
rights reserved.
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ABSTRACT

OBJECTIVES: To assess the incidence, time of day, and driver morbidity associated with
vehicle accidents where the most likely cause was the driver falling asleep at the wheel.
DESIGN: Two surveys were undertaken, in southwest England and the midlands, by
using police databases or on the spot interviews. SUBJECTS: Drivers involved in 679
sleep related vehicle accidents. RESULTS: Of all vehicle accidents to which the police
were summoned, sleep related vehicle accidents comprised 16% on major roads in
southwest England, and over 20% on midland motorways. During the 24 hour period
there were three major peaks: at around 0200, 0600, and 1600. About half these drivers
were men under 30 years; few such accidents involved women. CONCLUSIONS: Sleep
related vehicle accidents are largely dependent on the time of day and account for a
considerable proportion of vehicle accidents, especially those on motorways and other
monotonous roads. As there are no norms for the United Kingdom on road use by age
and sex for time of day with which to compare these data, we cannot determine what the
hourly exposure v risk factors are for these subgroups. The findings are in close
agreement with those from other countries.

RESEARCH NOTES
URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list_uids=7888930

63



Rest Areas, Reducing Accidents Involving Driver Fatigue

Johns, M. W. (2000)
""A Sleep Physiologist's View of the Drowsy Driver." Transportation Research Part
F: Traffic Psychology and Behaviour 3(4): 241-249.

KEYWORDS
Driving
Drowsiness
Sleepiness
Vehicle accidents

ABSTRACT
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ABSTRACT

Driver fatigue is an important safety issue for long-haul truck drivers. To provide an
efficient means of obtaining sleep, long-haul truck drivers often use tractors equipped with
sleeper berth units. Depending on the type of cargo and distances traveled, long-haul truck
drivers either drive in teams or alone as single drivers. Team drivers, therefore, typically
sleep in a moving truck whereas single drivers sleep in a stationary truck. It has been
hypothesized that sleeping in a moving truck could adversely affect the sleep quality and,
therefore, the alertness level of team drivers. A naturalistic data collection system was
developed and installed in two Class 8 heavy trucks. This trigger-based system consisted
of vehicle sensors and cameras that allowed the experimenters to obtain the driving
performance and driver alertness data for analysis of fatigue. Fatigue was measured using
both objective and subjective measures that were recorded before and after sleep and while
driving. Fatigue and driving performance were compared for single versus team drivers to
determine which driver type acquired the greatest sleep deficit during a trip. Results
suggest that single drivers were more frequently involved in critical incidents while
exhibiting extreme drowsiness than were team drivers by a factor of 4 to 1. These results
will be discussed in relation to the general safety of single versus team trucking
operations.
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ABSTRACT

This document describes projects in the Federal Motor Carrier Safety Administration’s
(FMCSA) Driver Alertness and Fatigue Research and Technology (R&T) focus area that
were completed during the years 1995 to 1998 under the former Office of Motor Carriers
(OMC) in the Federal Highway Administration (FHWA). Information on more recently
completed, current, and planned projects on driver fatigue is contained in the Driver
Alertness and Fatigue R&T Focus Area Summary, which is available on the FMCSA
Web site: http://www.fmcsa.dot.gov.
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ABSTRACT

Sleep deprivation and sleep disorder continues to cause problems on the road. Reducing
the number of accidents related to driver fatigue would save the society a significant
amount of money and personal suffering.

Monitoring the driver's symptoms can help determine driver fatigue early enough to
prevent accidents due to lack of awareness. This report describes advances towards a
non-intrusive approach for real-time detection of driver fatigue. It uses a video camera
that points directly toward the driver's face and monitors the driver's eye to detect micro-
sleeps, or short periods of sleep of about three-to-four seconds.
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ABSTRACT

Driver fatigue is a major cause of road accidents and has implications for road safety.
This review discusses the concepts of fatigue and provides a summary on
psychophysiological associations with driver fatigue. A variety of psychophysiological
parameters have been used in previous research as indicators of fatigue, with
electroencephalography perhaps being the most promising. Most research found changes
in theta and delta activity to be strongly linked to transition to fatigue. Therefore,
monitoring electroencephalography during driver fatigue may be a promising variable for
use in fatigue countermeasure devices. The review also identified anxiety and mood
states as factors that may possibly affect driver fatigue. Furthermore, personality and
temperament may also influence fatigue. Given the above, understanding the psychology
of fatigue may lead to better fatigue management. The findings from this review are
discussed in the light of directions for future studies and for the development of fatigue
countermeasures.
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ABSTRACT

This paper reviews the association between electroencephalography (EEG) activity and
driver fatigue. The current literature shows substantial evidence of changes in brain wave
activity, such as simultaneous changes in slow-wave activity (e.g., delta and theta
activity) as well as alpha activity during driver fatigue. It is apparent from the literature
review that EEG is a promising neurophysiological indicator of driver fatigue and has the
potential to be incorporated into the development of a fatigue countermeasure device.
The findings from this review are discussed in the light of directions for future fatigue
research studies.
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ABSTRACT

Fatigue has major implications for transportation system safety; therefore, investigating
the psychophysiological links to fatigue could enhance our understanding and
management of fatigue in the transport industry. This study examined the
psychophysiological changes that occurred during a driver simulator task in 35 randomly
selected subjects. Results showed that significant electroencephalographic changes occur
during fatigue. Delta and theta activity were found to increase significantly during
fatigue. Heart rate was significantly lower after the driving task. Blink rate also changed
during the fatigue task. Increased trait anxiety, tension-anxiety, fatigue—inertia and
reduced vigor—activity were shown to be associated with neurophysiological indicators of
fatigue such as increased delta and theta activity. The results are discussed in light of
directions for future studies and for the development of a fatigue countermeasure device.
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ABSTRACT

OBJECTIVE: To estimate the association of driver sleepiness with the risk of car crashes.
METHODS: A population-based case-control study was conducted in Shenyang, a
northeastern city in China, between November 2001 and July 2002. The case group
comprised 406 car drivers involved in crashes, and 438 car drivers recruited at randomly
selected sites, and on the day of week, and the time of day when they were driving on
highways in the study region during the study period were used as control groups. Face-
to-face interviews with drivers were conducted according to a well-structured
questionnaire covering the circumstances of their current trip and their background
information. Stanford sleepiness scale and Epworth sleepiness scale were used to
quantify acute sleepiness and chronic sleepiness respectively. RESULTS: There was a
strong association between chronic sleepiness and the risk of car crash. Significantly
increased risk of crash was associated with drivers who identified themselves as sleepy
(Epworth sleepiness score > or = 10 vs< 10; adjusted odds ratio 2.07, 95% confidence
interval 1.30 to 3.29), but no increased risk was associated with measures of acute
sleepiness. CONCLUSIONS: Chronic sleepiness in car drivers significantly increases the
risk of car crash. Reductions in road traffic injuries may be achieved if fewer people drive
when they are sleepy.
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ABSTRACT

This report has two main objectives. The first is to present data that may be used to create
a definition of short-haul trucks in computerized data files. The second is to examine the
prevalence of driver fatigue as coded in crash data files and relate it to parameters that
define short-haul trucking operations.

Tabulations were made of the numbers of large trucks registered in the United States and
their annual travel using data from the 1992 Truck Inventory and Use Survey. Truck
crash statistics were derived from the 1991-1993 Trucks Involved in Fatal Accidents file
and, to a lesser extent, 1995 SafetyNet data. These tabulations were cross-classified by
gross vehicle weight rating (GV\VR) class, area of operation and vehicle type, and crash
involvement rates per truck and per mile were generated.

Three possible definitions of short-haul trucks are proposed and the different definitions
are compared in terms of percentage of registered trucks and miles traveled, fatal crash
involvements, fatal involvement rates per truck and per mile, and prevalence of fatigue-
related fatal crash involvements. The results may assist others in making decisions about
hours of service regulations for the short-haul segment of the trucking industry.
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ABSTRACT

A postal questionnaire survey aimed at exploring the relationship between accidents and
daytime sleepiness was sent to 9000 male drivers of which 4621 (51.3%) responded
(mean age 47.7, SD 17.1). Drivers provided details of the accidents they had experienced
in the last 3 y, and identified those factors, including tiredness, they thought contributed
to the accident. In addition, drivers completed the Epworth scale measuring daytime
sleepiness and reported whether they had felt close to falling asleep whilst driving during
the past 12 mo. Analysis of the data showed that 29% of drivers had felt close to falling
asleep at the wheel in the last 12 mo, the probability of which depended on Epworth
score, age, occupational group, annual mileage, the proportion of time spent driving on
motorways and in built-up areas, how long the driver is prepared to drive before taking a
break, and whether the driver is driving a company car or not. Overall, about 7% of
accident 'involvements' were associated with tiredness (representing 9-10% of accidents)-
a figure which is higher on motorways than on rural roads or built-up roads and higher
still in the early hours of the morning. Accident rates of company car drivers and/or those
who have felt close to falling asleep at the wheel in the last year are shown to be
associated with daytime sleepiness. For example, a company car driver who has felt close
to falling asleep at the wheel in the last 12 mo and who scores highly on the Epworth
scale has an accident liability which is 70% higher than a similar driver who scores zero
on the Epworth scale. Snoring every night increases accident liability by about 30%.
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ABSTRACT

A telephone survey was conducted of a random sample of New York State licensed
drivers to determine the prevalence and circumstances of drowsy driving. Based on the
survey responses, 54.6% of the drivers had driven while drowsy within the past year;
22.6% had ever fallen asleep at the wheel without having a crash, 2.8% had ever crashed
when they fell asleep, and 1.9% had crashed when driving while drowsy. Of the reported
crashes due to driving while drowsy or falling asleep at the wheel, 82.5% involved the
driver alone in the vehicle, 60.0% occurred between 11:00 p.m. and 7:00 a.m. 47.5%
were drive-off-road crashes, and 40.0% occurred on a highway or expressway. Multiple
regression analysis suggested that the following driver variables are predictive of an
increased frequency of driving drowsy: demographic characteristics (younger drivers,
more education, and men); sleep patterns (fewer hours of sleep at night and greater
frequency of trouble staying awake during the day); work patterns (greater frequency of
driving for job and working rotating shifts); and driving patterns (greater number of miles
driven annually and fewer number of hours a person can drive before becoming drowsy).

RESEARCH NOTES
URL

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citati
on&list_uids=8870778

74



Rest Areas, Reducing Accidents Involving Driver Fatigue

McConnell, C. F., K. M. Bretz, et al. (2003)
"Falling asleep at the wheel: aclose look at 1,269 fatal and serious injury-producing
crashes."” Behav Sleep Med_1(3): 171-83.

KEYWORDS

Accidents, Traffic/*mortality/statistics & numerical data
Adolescent

Adult

Automobile Driving

Female

Humans

Male

Sleep

Wounds and Injuries/*epidemiology

ABSTRACT

This article reviews the literature on the prevalence of sleep-related motor vehicle crashes
and presents a detailed analysis of the driver and context variables associated with a
sample of 1,269 sleepy-driver, fatal and injury-causing vehicle crashes that occurred over
a 6-year period in Tennessee. The crash profiles and trends are discussed in terms of their
implications for addressing this significant problem in highway safety. Findings suggest
that younger drivers, ages 15-21, are more at-risk for sleep-related motor vehicle crashes.
Also, there is some evidence for the effectiveness of rumble strips in reducing sleep-
related, run-off-road, interstate crashes.
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ABSTRACT

Drowsy driving is a serious problem that leads to thousands of automobile crashes each
year. This report, sponsored by the National Center on Sleep Disorders Research
(NCSDR) of the National Heart, Lung, and Blood Institute of the National Institutes of
Health, and the National Highway Traffic Safety Administration (NHTSA), is designed
to provide direction to an NCSDR/NHTSA educational campaign to combat drowsy
driving. The report presents the results of a literature review and opinions of the Expert
Panel on Driver Fatigue and Sleepiness regarding key issues involved in the problem.
Sleep is a neurobiologic need with predictable patterns of sleepiness and wakefulness.
Sleepiness results from the sleep component of the circadian cycle of sleep and
wakefulness, restriction of sleep, and/or interruption or fragmentation of sleep. The loss
of one night's sleep can lead to extreme short-term sleepiness, while habitually restricting
sleep by 1 or 2 hours a night can lead to chronic sleepiness. Sleeping is the most effective
way to reduce sleepiness. Sleepiness causes auto crashes because it impairs performance
and can ultimately lead to the inability to resist falling asleep at the wheel. Critical
aspects of driving impairment associated with sleepiness are reaction time, vigilance,
attention, and information processing.

Subjective and objective tools are available to approximate or detect sleepiness.
However, unlike the situation with alcohol-related crashes, no blood, breath, or other
measurable test is currently available to quantify levels of sleepiness at the crash site.
Although current understanding largely comes from inferential evidence, a typical crash
related to sleepiness has the following characteristics:

e The problem occurs during late night/ early morning or midafternoon.
The crash is likely to be serious.
A single vehicle leaves the roadway.
The crash occurs on a high-speed road.
The driver does not attempt to avoid a crash.
The driver is alone in the vehicle.
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Although evidence is limited or inferential, chronic predisposing factors and acute
situational factors recognized as increasing the risk of drowsy driving and related crashes
include:

e Sleep loss.

e Driving patterns, including driving between midnight and 6 a.m.; driving a
substantial number of miles each year and/or a substantial number of hours each
day; driving in the midafternoon hours (especially for older persons); and driving
for longer times without taking a break.

e Use of sedating medications, especially prescribed anxiolytic hypnotics, tricyclic
antidepressants, and some antihistamines

e Untreated or unrecognized sleep disorders, especially sleep apnea syndrome
(SAS) and narcolepsy.

e Consumption of alcohol, which interacts with and adds to drowsiness. These
factors have cumulative effects; a combination of them substantially increases
crash risk.

e Although no driver is immune, the following three population groups are at
highest risk, based on evidence from crash reports and self-reports of sleep
behavior and driving performance.

e Young people (ages 16 to 29), especially males. Shift workers whose sleep is
disrupted by working at night or working long or irregular hours. People with
untreated sleep apnea syndrome (SAS) and narcolepsy.

To prevent drowsy driving and its consequences, Americans need information on
approaches that may reduce their risks. The public needs to be informed of the benefits of
specific behaviors that help avoid becoming drowsy while driving. Helpful behaviors
include (1) planning to get sufficient sleep, (2) not drinking even small amounts of
alcohol when sleepy, and (3) limiting driving between midnight and 6 a.m. As soon as a
driver becomes sleepy, the key behavioral step is to stop driving-for example, letting a
passenger drive or stopping to sleep before continuing a trip. Two remedial actions can
make a short-term difference in driving alertness: taking a short nap (about 15 to 20
minutes) and consuming caffeine equivalent to two cups of coffee. The effectiveness of
any other steps to improve alertness when sleepy, such as opening a window or listening
to the radio, has not been demonstrated.

A more informed medical community could help reduce drowsy driving by talking to
patients about the need for adequate sleep, an important behavior for good health as well
as drowsy-driving prevention. The detection and management of illnesses that can cause
sleepiness, such as SAS and narcolepsy, are other health care-related countermeasures.
Information could be provided to the public and policymakers about the purpose and
meaning of shoulder rumble strips, which alarm or awaken sleepy drivers whose vehicles
are going off the road. These rumble strips placed on high-speed, controlled-access, rural
roads reduce drive-off-the-road crashes by 30 to 50 percent. However, rumble strips are
not a solution for sleepy drivers, who must view any wake-up alert as an indication of
impairment-a signal to stop driving and get adequate sleep before driving again.
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Employers, unions, and shift work employees need to be informed about effective
measures they can take to reduce sleepiness resulting from shift work schedules.
Countermeasures include following effective strategies for scheduling shift changes and,
when shift work precludes normal nighttime sleep, planning a time and an environment to
obtain sufficient restorative sleep.
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http://www.nhtsa.dot.gov/PEOPLE/INJURY/drowsy_drivingl/drowsy.html
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ABSTRACT

Driver sleepiness has been shown to be one of the most important risk factors in road
crashes. The aim of the present study was to increase the understanding of drivers' actions
when feeling sleepy. A national Internet panel survey was conducted among private
drivers in the autumn of 2003. Reported symptoms of sleepiness differed between drivers
who had fallen asleep and those who had not, but had been afraid to do so. The results
indicate that drivers in general have a good knowledge of the various factors influencing
the risk of falling asleep while driving. Furthermore, most of them are well aware of the
most effective measures to prevent falling asleep at the wheel, such as stopping the car
and take a nap. In spite of all their knowledge, most of the drivers continue driving when
recognising sleepiness while driving. A short trip, appointments, and the wish to arrive at
a reasonable hour are the most frequently reported reasons for continuing driving while
fatigued or sleepy.
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ABSTRACT

While it has been known for some time that crashes can result from the driver falling
asleep at the wheel, this issue has received less attention in traffic safety programs than
the role of alcohol or speed of the vehicle. The present study was done to investigate the
characteristics of crashes attributed to the driver being asleep. The study utilized the
database at the Highway Safety Research Center at the University of North Carolina that
is based on the uniform crash reporting system in that state. Over the years 1990-1992,
inclusive, there were 4333 crashes in which the driver was judged to be asleep but not
intoxicated. The crashes were primarily of the drive-off-the-road type (78% of the total)
and took place at higher speeds (62% in excess of 50 mph). The fatality rate was of
similar magnitude to that in alcohol-related crashes with fatalities in 1.4% of such crashes
(alcohol crashes had fatalities in 2.1%). The crashes occurred primarily at two times of
day--during the nighttime period of increased sleepiness (midnight to 7.00 a.m.) and
during the mid-afternoon "siesta” time of increased sleepiness (3.00 p.m.). These crashes
occurred predominately in young people. Fifty-five percent of these were in individuals
25 years of age or younger, with a peak age of occurrence at age 20 years. Sleepiness
may play a role in crashes other than those attributed by the police to the driver being
asleep. Determining the magnitude of this role is a challenge to the traffic safety
community.
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ABSTRACT

This document presents aggregate statistics on buses involved in traffic accidents over
five years, 1995-1999. These statistics are derived from two sources: the Fatality
Analysis Reporting System (FARS) file maintained by the National Highway Traffic
Safety Administration (NHTSA) and the General Estimates System (GES) file, also
maintained by NHTSA. All figures for involvements in fatal accidents and fatalities are
taken from the FARS files. The GES files are used to extend the analysis to nonfatal
accidents.

An estimated 286,000 buses were involved in traffic accidents over the five year period,
1995-1999. About 1,483 of these were fatal bus involvements. There were 1,698 fatalities
and 154,000 injuries in accidents involving buses.
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ABSTRACT

OBJECTIVES: To analyze factors that explain the attribution of crash causes as sleep-
related by accident investigators. DESIGN: Analysis of national database of fatal road
accidents studied in depth. All nonprofessional nonintoxicated car drivers responsible for
a fatal accident from 1991 to 2001 were included (N = 1464). SETTING: Finland, with
approximately 5.1 million inhabitants and 2.3 million motor vehicles. PARTICIPANTS:
N/A. INTERVENTIONS: N/A. MEASUREMENTS: Comprehensive database recorded
by multidisciplinary investigation teams, with specific emphasis on the availability of
sleep-related driver variables and sleep-related causal decisions by teams. RESULTS:
Injury severity, age, and marital status of the responsible car driver were related to the
proportion of missing data in fatigue-related variables in the database (sleeping time, time
awake, lifetime mileage). While there were differences between investigation teams and
their activities, a series of logistic regression models showed that the lack of relevant
variables in the database did not affect the proportion of accidents attributed to falling
asleep (10% of cases) or as having fatigue-related causal factors (an additional 5% of the
cases). The accident type (head-on and running-off versus other) and road conditions (dry
or wet versus icy or snowy pavement) predicted the investigation teams' attribution of
sleep-related causes in all models. CONCLUSIONS: Multidisciplinary teams' attribution
of sleep-related causal factors were rather stable, comprising 10% to 15% of the cases
investigated, independent of the availability of specific sleep-related information.
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ABSTRACT

In April 2003, near the town of Selby in North Yorkshire, England, a motor vehicle went
off the road to cause a train collision, killing 10 and injuring more than 70 people. The
driver of the vehicle, Gary Neil Hart, had allegedly fallen asleep while driving, and was
charged and subsequently convicted of causing death by dangerous driving. Evidence
from an expert witness was led by the prosecution to establish that Hart had in fact fallen
asleep, and that prior to falling asleep, he knew (or ought to have known) that he was at
risk of falling asleep but nevertheless continued to drive. The issue of whether and to
what extent individuals are aware that they are about to fall asleep has significant
implications for criminal prosecutions. Generally, the definition of a criminal offense
includes a mental element such as intent or knowledge. Therefore, it is imperative that
issues such as whether in every individual there is forewarning of sleep and the degree to
which individuals are able to self-assess their ability to continue driving under conditions
of extreme sleepiness must be resolved. Sleepiness is now regarded as the largest
identifiable and preventable cause of accidents in all modes of transportation. Litigation
for such accidents is likely to increase, and therefore it is of great importance that further
research be undertaken to examine the process of falling asleep, especially the subjective
experiences immediately preceding sleep.
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ABSTRACT

OBJECTIVE: To evaluate the relationship that tiredness and sleepiness in bus drivers
have to road accidents in Peru. Information from various countries indicates that driver
sleepiness plays an important role in road accidents. However, there is only limited
information on this subject in Peru. METHODS: Using a supervised, pretested survey, a
cross-sectional observational and comparative study was carried out with 238 bus drivers
who drive on the Northern Pan American Highway of Peru. To determine the relationship
between variables the chi-square test was used, along with the Pearson correlation
coefficient. The level of significance was set at P < 0.05. The variables analyzed were:
tiredness, sleepiness, hours of driving per day, daily hours of sleep, body mass index,
snoring, sleep apnea, and either having had or almost having had an accident while
driving. RESULTS: Of the 238 drivers, all of them were men, 45% said they had had or
nearly had had an accident while driving, 55% slept less than 6 hours per day, 31% had
slept less than 6 hours in the 24 hours before answering the survey, and 80% were in the
habit of driving more than 5 hours without stopping. Of the drivers, 56% of them
reported being tired at least some of the time while driving; of this group, 65% of them
reported being tired during the early morning. Seventy-six drivers (32%) said that while
they were driving their eyes had fallen shut. In terms of where they slept, 194 of the
drivers (81%) said they always slept in the lower luggage compartment of the bus while
another driver was driving the bus or when the bus was parked in the bus terminal. The
steps that drivers took to avoid falling asleep while driving included: wetting the face
with water, eating fruit, opening the window of the driver's compartment, drinking
coffee, listening to music, smoking, chewing coca leaves, and drinking alcohol mixed
with coca leaves. In the opinion of 55% of the drivers, the leading cause of road accidents
is tiredness. Accidents and near-accidents while driving occurred mainly between
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midnight and 6 a. m. Having an accident or a near-accident was strongly associated with
tiredness and with having the eyes drop shut while driving (P < 0.0005).
CONCLUSIONS: Tiredness and sleepiness while driving were common among the bus
drivers, with various possible causes: acute and chronic sleep deprivation, irregular
schedule changes, and sleep disorders due to the drivers' working conditions. Our results
support the hypothesis that fatigue and sleepiness among bus drivers are related to road
accidents.
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ABSTRACT

About 29600 Norwegian accident-involved drivers received a questionnaire about the last
accident reported to their insurance company. About 9200 drivers (31%) returned the
questionnaire. The questionnaire contained questions about sleep or fatigue as
contributing factors to the accident. In addition, the drivers reported whether or not they
had fallen asleep some time whilst driving and what the consequences had been. Sleep or
drowsiness was a contributing factor in 3.9% of all accidents, as reported by drivers who
were at fault for the accident. This factor was strongly over-represented in night-time
accidents (18.6%), in running-off-the-road accidents (8.3%), accidents after driving more
than 150 km on one trip (8.1%), and personal injury accidents (7.3%). A logistic
regression analysis showed that the following additional factors made significant and
independent contributions to increasing the odds of sleep involvement in an accident: dry
road, high speed limit, driving one's own car, not driving the car daily, high education,
and few years of driving experience. More male than female drivers were involved in
sleep-related accidents, but this seems largely to be explained by males driving relatively
more than females on roads with high speed limits. A total of 10% of male drivers and
4% of females reported to have fallen asleep while driving during the last 12 months. A
total of 4% of these events resulted in an accident. The most frequent consequence of
falling asleep—amounting to more than 40% of the reported incidents—was crossing of
the right edge-line before awaking, whereas crossing of the centreline was reported by
16%. Drivers' lack of awareness of important precursors of falling asleep—Ilike highway
hypnosis, driving without awareness, and similar phenomena—as well as a reluctance to
discontinue driving despite feeling tired are pointed out as likely contributors to sleep-
related accidents. More knowledge about the drivers' experiences immediately preceding
such accidents may give a better background for implementing effective driver warning
systems and other countermeasures.
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ABSTRACT

BACKGROUND: Sleepiness at the wheel is the main cause of approximately a fifth of
road traffic accidents. The driver will often feel drowsy before the accident, therefore
preventive measures can be taken in order to stay alert. AIM: To estimate sleepiness
among sleep deprived drivers and to explore methods they use to stay alert. METHODS:
We choose three professions at increased risk of sleepiness: physicians working night
shifts, night shift nurses and hi-tech workers who work 12 hours or more a day at least
twice a week. The subjects answered an anonymous questionnaire concerning past
involvement in road accidents or "near misses", known risk factors for road accidents and
methods used to fight sleepiness, as well as some demographic data. RESULTS: A total
of 115 drivers (38 physicians, 37 nurses and 40 hi-tech workers) participated in this
study. The average age was 36.0 + 7.9 years and 53% males. Thirteen percent had been
involved in road accidents as drivers in the last year, 53% of them remember that the
accident was due to sleepiness or fatigue. Thirty-seven percent remember at least one
occasion of "near accident” due to sleepiness. Driving in the "dangerous” hours was
positively associated with "near accidents” (69% vs. 29%, p < 0.001) and in accidents
(17% vs. 11% P = NS). Physicians were involved in "near accidents” (p < 0.005) more
often. The most frequent methods used to overcome sleepiness were: listening to the
radio (86.1%), opening the window (65.2%) and turning on the air conditioning in the car
(57.4%). CONCLUSION: Driving whilst sleepy is an important contributor to road
accidents. It seems that sleep deprived workers and especially physicians working in
shifts, are at an increased risk. This issue should receive a higher priority as part of
preventive medicine among physicians themselves and their patients.
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ABSTRACT

This report summarizes literature on the issues of distraction, attention, aggression and
fatigue as they relate to driving behavior and traffic crashes. There are three sections to
this report: Distraction and Attention, Aggression, and Fatigue. Information in each
section is presented in the same basic format. First, the key term for each section is
defined. Second, the research findings in the area and their implications for OHSP
program development are discussed. Finally, the report concludes with an annotated
bibliography of relevant literature from each subject area.
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ABSTRACT

This study aims at evaluating personality predictors of driver fatigue. Individual
differences in subject's performance are well documented in vigilance studies. Since
monotonous highway driving can be seen as a vigilance task, it is possible that these
differences materialize in this context and explain a portion of fatigue-related driving
errors and accidents. Fifty-six male subjects drove for two 40 min periods on a straight
highway. Road environment was repetitive and monotonous in one condition (road A),
whilst visual elements aiming to disrupt monotony were presented in the other one (road
13). Multiple regression analyses showed that sensation seeking, and more specifically
the Experience Seeking (ES) dimension, are predictive of the standard deviation of
steering wheel movements, a performance measure used to assess driver fatigue. ES
explains 12.3% of the observed variance on road A and 8% on road B. An interaction
effect was also obtained between extraversion and sensation seeking on road A, where
sensation seeking explained 26% of the observed variance, but only for the more
extraverted subjects. Results also indicate that subjects who report falling asleep at the
wheel in the past tend to be high sensation seekers. Implications in terms of driver
evaluation and management are discussed (C) 2002 Elsevier Science Ltd. All rights
reserved.
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""Survey of New Zealand truck driver fatigue and fitness for duty.” Transportation
Research: 185-193.
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ABSTRACT

This paper presents recent research into compliance with current driving hours regulations,
the effectiveness of using driving hours to predict fatigue, and alternative compliance and
enforcement options. The paper describes results of a major survey of truck driver fatigue
in New Zealand, a review of international compliance and enforcement procedures, and
research focusing on the social forces and influences that affect truck drivers. The survey of
truck drivers was based on interviews and performance tests collected from 600 truck
drivers at depots, wharves, markets, and other locations throughout the North Island of
New Zealand. The interviews included: questions on driver demographic and work/rest
patterns, drivers' attitudes towards fatigue, propensity towards daytime sleepiness, and a
self-assessment of the driver's momentary level of fatigue. In addition, a simulator-based
performance test of driving was undertaken. The performance test included a combination
of a standard driving task, a dual-axis sub-critical tracking task (maintaining speed and
steering in a controlled but unstable environment, a virtual roadway affected by the
appearance of random wind gusts requiring steering correction), and a tertiary or side-task
requiring driver monitoring and periodic responses. The initial results from the first 100
drivers have found a sizable number of drivers exceeding the allowable driving hours, high
levels of fatigue and sleepiness, and interesting differences between line-haul and local
delivery drivers. A related research project into the social processes and relationships that
affect truck drivers has resulted in a good understanding of the social conditions that
influence cultural change and the actions of truck drivers and fleet managers. In this paper
we will have particular regard to these processes in the construction of ideas concerning
safety. This includes an understanding of the role of major stakeholders, such as freight
forwarders and the enforcement agencies with respect to drivers and their conditions,
actions and understanding of the road transport industry. This knowledge coupled with the
survey results and an understanding of compliance and enforcement alternatives will be
used to explore potential fatigue management options. © 2001 Elsevier Science Ltd. All
rights reserved.
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ABSTRACT

The application of reaction time (RT) as a secondary task to determine sleepiness in
drivers is of increasing interest, but is a problematic area. We assessed the extent to
which RT reflected this sleepiness, and/or otherwise affected driving behaviour in sleep
restricted, moderately sleepy people. They drove a real-car interactive simulator for two,
two hour afternoon monotonous drives, with and without RT (counterbalanced). Simple
auditory RT was used, with a semi-random inter-stimulus interval averaging 21/2
minutes. Lane wandering (driving "incidents"), subjective and EEG measures of
sleepiness were obtained. For both conditions all three indices changed significantly
during the course of the afternoon circadian "dip". However, this was not reflected in RT,
which remained relatively stable. Nevertheless, RT provided more "stimulation™ for the
sleepy driver, and significantly reduced subjective sleepiness, with a trend for fewer
incidents and a more alert EEG. Possible reasons for the disparity in sensitivity between
RT and the other measures are discussed. Under this experimental protocol, RT did not
provide a useful guide to driver sleepiness; it was merely a mechanism for increasing task
load and reducing monotony. The drivers' own insight into their sleepiness had more
validity as a tool for assessing sleepiness.
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ABSTRACT

Two driving simulator studies are reported which investigate the variation of fatigue
effects with task demands and provide recommendations for system design to counteract
driver fatigue. Two opposing explanations of the interactive effects of task demands and
fatigue were examined. One explanation is that fatigue drains attentional resources, so
that detrimental effects of fatigue on performance are accentuated when task demands
increase. The alternative explanation is that fatigue disrupts matching of effort to task
demands, such that the fatigued driver fails to regulate effort effectively when the task
appears easy. In both studies, drivers performed both a fatiguing drive, in the first part of
which they were required to perform a secondary detection task, and a control drive with
no additional secondary task. In the last part of both drives, drivers were required to
detect movement in pedestrian stimuli presented on both sides of the road. Vehicle
control and steering movements were logged throughout both drives. The results are
consistent with dynamic models of stress and sustained performance which suggest that
fatigue may impair adaptation to conditions of underload, but are inconsistent with the
attentional resource explanation. These task-specific fatigue effects have important
implications for in-vehicle countermeasures to driver fatigue. Current approaches to the
implementation of such devices fail to reflect the task-specific nature of fatigue effects.
Fatigue-monitoring devices may only be valid in certain driving environments or
contexts. Hence, it may be necessary to integrate performance-based feedback monitoring
information with route and traffic density information from navigation systems.
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ABSTRACT

A study was conducted to assess the relative impact of partial sleep deprivation
(restriction to 4 h sleep before testing) and full sleep deprivation (no sleep on the night
before testing) on 2 h of simulated driving, compared with an alcohol treatment (mean
blood alcohol content = 0.07%). Data were collected from the 64 male participants on the
primary driving task, psychophysiology (0.1 Hz heart rate variability), and subjective
self-assessment. The results revealed that the full sleep deprivation and alcohol group
exhibited a safety-critical decline in lane-keeping performance. The partial sleep
deprivation group exhibited only noncritical alterations in primary task performance.
Both sleep-deprived groups were characterized by subjective discomfort and an
awareness of reduced performance capability. These subjective symptoms were not
perceived by the alcohol group. The findings are discussed with reference to the
development of systems for the online diagnosis of driver fatigue. Potential applications
of this research include the formulation of performance criteria to be encompassed within
a driver impairment monitoring system.
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ABSTRACT

OBJECTIVE: To identify risk factors of performance decrement in automobile drivers.
METHODS: 114 drivers (age <30 years, n=57; age > or =30 years, n=57) who stopped at
a rest stop area on a freeway were recruited for the study. They filled out a questionnaire
on their journey, sleep/wake patterns and performed a 30-min test on a driving simulator.
The test evaluates, by computerized analysis, the lateral deviation of a virtual car from an
appropriate trajectory on a virtual road. A sex/age matched control group was recruited in
the community. Control subjects were studied at the same time of day as the index case
driver. Controls had normal sleep wake schedule, absence of long driving and performed
the same driving test. RESULTS: Drivers performed significantly worse than controls on
the driving test. Age and duration of driving were the main factors associated with
decreased performance. CONCLUSION: Ou