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Truck Driving Environments and Their Influence on Driver Fatigue and
Crash Rates

Abstract

The development of a typology of commercial vehicle driving environments, estimate of the percentage of
drivers falling into each type of driving environment, and driving environment effects on driver fatigue are
described. A model of commercial motor vehicle driver fatigue, based on literature sources and focus groups
of industry professionals, is proposed. Three driving-environment factors (regularity of time, trip control, and
quality of rest), comprising 25 indicators, are included in the model. Data were collected via a nationwide
survey of 502 randomly selected over-the-road commercial truck drivers. Data analysis revealed 12 driving-
environment indicators to be good predictors of fatigue and crash outcomes. Various 2x2x2 driving-
environment typologies were created by using different high-low combinations of these 12 indicators. A
typology based on the single best predictors of fatigue and crash outcomes from each driving-environment
factor was selected for examination (i.e., favorable and unfavorable combinations of driving the same hours,
waiting longer than expected for loads, and starting the workweek tired). The percentage of drivers working in
each type of driving environment ranged from 5.2 percent to 20.1 percent. Additionally, the typology was
significantly related to frequency of close calls and perceptions of fatigue. The 12 driving-environment
indicators collectively accounted for S percent and 23 percent of the variability in close calls and fatigue
perceptions, respectively (p > .001), and 2 percent of the variability in crash involvement (p > .07).
Implications for fatigue management are also discussed.
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Truck Driving Environments and

Their Influence on

Driver Fatigue and Crash Rates

Michael R. Crum, Paula C. Morrow, Patricia Olsgard, and Philip J. Roke

The development of a typology of commercial vehicle driving environ-
ments, estimate of the per centage of driver sfallinginto each typeof driv-
ing environment, and driving environment effectson driver fatigueare
described. A model of commercial motor vehicle driver fatigue, based
on literature sourcesand focus groups of industry professionals, ispro-
posed. Threedriving-environment factors (regularity of time, trip con-
trol, and quality of rest), comprising 25 indicators, are included in the
model. Data were collected via a nationwide survey of 502 randomly
selected over-the-road commercial truck drivers. Dataanalysisrevealed
12 driving-environment indicatorsto be good predictors of fatigue and
crash outcomes. Various2 x 2 x 2 driving-environment typologieswere
created by using different high-low combinations of these 12 indicators.
A typology based on the single best predictor s of fatigue and crash out-
comesfrom each driving-environment factor was selected for examina-
tion (i.e., favorable and unfavorable combinations of driving the same
hours, waiting longer than expected for loads, and starting the work-
week tired). The percentage of driversworking in each type of driving
environment ranged from 5.2 percent to 20.1 percent. Additionally, the
typology was significantly related to frequency of close calls and per-
ceptions of fatigue. The 12 driving-environment indicators collectively
accounted for 5 per cent and 23 per cent of thevariability in closecallsand
fatigue perceptions, respectively ( p<.001), and 2 percent of thevariabil-
ity in crash involvement (p < .07). Implications for fatigue management
arealso discussed.

Thework environment of over-the-road commercial truck driversas
it relatestofatigueisof particular interest to policy makersand motor
carriers. Described here are the devel opment of atypology of driving
environments, an estimate of the percentage of commercial vehicle
drivers falling into each type of driving environment, and how the
driving environment influencesdriver fatigue. Because of anticipated
changes in the current hours-of-service regulations, the study was
conducted in aregulation neutral approach.

RESEARCH METHODOLOGY

The research methodology used in this project was described in
detail by Crumet a. (1). First, an extensiveliterature search yielded
55 studies directly focused on driver fatigue. Second, the research

M. R. Crum and P. C. Morrow, lowa State University, 300 Carver Hall, Ames, I1A
50011. P. Olsgard, Safety and Human Factors Research, ATA Foundation,
Colorado Motor Carriers Association, 4060 Elati Street, Denver, CO 80216.
PadwRokesFederal:Motor:GarriersSafety-Administration, 400 7th Street SW,
Washington, D.C. 20590.

team conducted four focus groups made up of carrier personnel
involvedindriver scheduling (i.e., drivers, dispatchers, safety direc-
tors, and top management) and interviewed industry professionals
at 13 carrier firm and private fleet sites. The industry professionals
confirmed the findings from the literature review and provided
insights that aided the devel opment of a survey instrument.

Information from the literature and industry experts was used to
develop the conceptual model of commercial motor vehicle (CMV)
driver fatigue depicted in Figure 1, one component of which is
thedriving environment. On the basis of thismodel, asurvey instru-
ment was devel oped to collect data that would enable devel opment
of atypology of truck driving environments and determination of
how driving environments are related to safety performance and
driver fatigue.

CMV Driver Fatigue Model

Three general categories of fatigue antecedent, or factors that are
hypothesized to affect driver fatigue, emerged from the literature
review and areincludedinthe CMV driver fatiguemodel: CMV driv-
ing environments, economic pressures, and support for driving safety.
CMV driving environments and economic pressures are hypothesized
to exert adirect influence on driver fatigue, and each of these factors,
inturn, comprisesthree constructs. Carrier support for driving safety
isadriver fatigue moderating factor and a stand-alone construct.

Driving Environments

The three hypothesized constructs making up CMV driving envi-
ronments are regularity of time, quality of rest, and trip control. In
total, themodel proposes 25 individual measuresor indicatorswithin
these constructs.

Regularity of timeis concerned with the opportunity for drivers
to establish aroutine and with schedul esthat run counter to the nat-
ural circadian rhythms of drivers. Indicators that reflect drivers
regularity of time include the percent of time normally driven the
samedaily hours, how driving timeisdistributed over the 24-h day,
thevariability of driving work, and the maximum hoursdrivenina
given week.

Quiality of rest captureswhen and where driversare ableto obtain
uninterrupted sleep and the duration of such sleep. The eight items
in the model reflect when and where drivers get sleep, the level of
difficulty infinding aplacetorest, how much sleep they get, and the
amount and effectiveness of recovery time between runs.
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CMY Driving Environments
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Regularity of Time
% of time driving same hrs.
No. different 4-hr. time zones driving
Variability of work
Most hrs. driven per wk. last 2 yrs.
Quality of Rest
% of time spent sleeping at home
% of sleep at nighttime
Difficulty finding a place to rest
% driving time between 8PM-8AM
No. hrs. uninterrupted sleep
No. hrs. uninterrupted sleep between 6
AM-10 PM

Trip Control
Regularity of route
Freedom to choose own routes
Schedule control
Frequency you can choose rest stops
Extent that rest stops can be forecast
accurately
Assistance with route from dispatcher
% time spent loading/unloading
% time spent waiting
% time spent doing “other”
No. different consignees contacted daily
No. companies contacted daily

= Recovery time
= Team driving

No. loads carried daily
Perceived pressure to be on time

Economic Pressures

Scheduling Demands of Commerce Carrier Economic Factors
*  Time allotted by shippers & receivers = Penalties levied on carrier for late
= Shipper awareness of fatigue issues deliveries
®  Shipper concern with fatigue issues »  Pressure on dispatchers to accept/hurry
®* % business from brokers loads
® % time spent waiting *  Rewards/penalties for dispatchers for on-
Driver Economic or Personal Factors time deliveries
= Sufficient income from truck driving =  Rewards/penalties for dispatchers for
= Nonfinancial incentives to drive when safe driving
tired = Pressure on dispatcher to minimize
= Desire for more miles deadhead miles
»  Rewards/penalties for on-time = Dispatchers emphasize business over
deliveries safety
»  Rewards for safe driving performance = Co. emphasizes business over safety
»  Personal pride in on-time deliveries

Fatigue Crashes

= Self-reported frequency of Carrier Level
driving “tired” = Company crash rate

®  Self-reported no. loads = SAFESTAT rating
rejected by driver because
of tiredness in last 2 yrs. Driver Level

= Self-reported no. of close »| = Self-report no. of

A calls in last 2 yrs. because A d reportable crashes in
driver was less than alert last 2 yrs.

*  Perceived frequency of = Self-report no. of
driving tired by other co. chargeable crashes in
drivers last 2 yrs.

= Average no. of rest breaks

during 10 hr. driving run
= Length of average rest
break

Carrier Support
for Driving Safety

fatigue
-Naps allowed

-Safety equipment
-Minimal night driving

tiredness
-Asst w/loadi 1

®  Operational practices to avoid

-Use of relay and/or driver teams
-Selectivity in accepting freight

-Driver autonomy with respect to

ding

= Access to mgmt. above dispatcher *  Top mgmt. understanding of
®  Recognition for safe driving fatigue
= Co. commitment to HOS =  Perceived org. commitment to
regulations safety
=  Top mgmt. concern with fatigue -Driver input into safety
& safety -Continuous training on driving
= Dispatcher concern with fatigue safety
& safety ~Overall co. commitment to safety
= Safety climate -Cordial driver/dispatcher
= Driver training about fatigue relationships
= Dispatcher training about fatigue

FIGURE 1

Trip control measuresreflect the ability of driversto plantripsand
how closely trips conform to what was expected, and the percentage
of time spent performing job-related activities other than driving.
Measures formulated to capturetrip control include the regularity of
driver routes, driver control over routes and schedule including rest
stops, dispatcher assistance in determining the best routes to drive,
and the number of stops per day. Additionally, the model includes
nondriving factors, such as the percent of time spent waiting and
loading or unloading, the percent of time spent on other nondriving
activities while working (e.g., paperwork), and perceived pressure
to be ontime.

The literature provides a great deal of support for the ideas rep-
resented in the CMV driving environments category. Crum et al.
identified 10 studies that discussed how drivers’ irregular work
schedules arerelated to fatigue and 17 studies that emphasized how
driver difficulties in getting adequate rest while working lead to
fatigue (1). They also identified 18 studies that discussed how the
inability of driversto control many elementsof their work contributes
to fatigue.

Similarly, the focus groups were consistent with the literature for
identification of factors contributing to driver fatigue. The scheduling
demands of commerce, trip control, and company support for safety
wereidentified askey factorsby each focusgroup. They viewed driv-
ing environments and the economic pressures exerted on drivers as
equally important.

Proposed CMV driver fatigue model (HOS = hours of service).

Fatigue and Safety Outcome Measures

Two categories of dependent variables are included in the model.

Driver Fatigue Thereislittle consensusin the literature regard-
ing how driver fatigue should be viewed and measured. Numerous
indicators of perceived driver fatigue are possible, although care
must be taken to obtain these estimatesin ways that minimize self-
incrimination and elicit accurate responses. Williamson et a. (2)
noted that although many drivers acknowledge that fatigue is an
industrywide problem, fewer admit that fatigue is a problem for
them personally. Accordingly, abroad array of direct and indirect
fatigue indicators were included. Frequency of driving tired isthe
first indicator and it was used in research by Williamson et al. (3),
Harris and Mackie (4), and Mackie and Miller (5). Harris and
Mackie used other fatigue indicators germaneto this study, includ-
ing the number of close calls experienced by the driver because of
less-than-full alertness and an estimate of the frequency with which
other company drivers drive when they aretired.

Crash Rates Attheindividual driver level, crash rateindicators of
safety performanceinclude the number of reportable crashes and the
number of chargeable crashes a driver has had over some defined
time or mileage period. Harrisand Mackie (4) and Mackieand Miller
(5) were successful acquiring such dataviasurveys.
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Data Collection and Sample

Thisstudy sought to be representative of all over-the-road commer-
cial truck drivers. However, the population of such drivers cannot
be specified (i.e., thereis no directory of all truck drivers). Conse-
quently, sampling was conducted to avoid systematic bias in the
selection of drivers.

Data Collection

With the assi stance of the National Association of Truck Stop Oper-
ators, four large, geographically dispersed truck stopsor plazaswere
identified. These facilities are located near major intersections of
Interstate highways and are not dominated by any client, commod-
ity, or product group. They arelocated in Maryland, Georgia, Cali-
fornia, and lowa. A fifth truck stop in Colorado was added to reach
the target sample size of 500. The data collection occurred between
October and December 1999.

Onthe basis of traffic flow through the facility, project staff exer-
cised judgment regarding the frequency with which they randomly
asked adriver to participate and how long to remain at afacility. Data
collection took place throughout the 24-h day. Drivers were offered
$10 cash inducement to participate. Tracking nonrespondent bias
would haveinterfered with anindividual’ sright not to participate and
was not attempted.

The number of respondents from the various truck stops were as
follows: Maryland, 103; Georgia, 149; Cdifornia, 128; lowa, 95; and
Colorado, 31. Inadl, 506 truck drivers participated in the survey, and
502 of these were usable. The overall effective response rate was
97.3 percent (i.e., 502/516) asonly 10 driversdeclined to participate.

Sample

The composition of the sample can be described in several ways.
Demographically, it was overwhelmingly male (89 percent) and
ranged in age from 21 to 72 years, with an average age of 41. The
averagedriver had 11.67 years of driving experience and had worked
for one or two companies during the previous 2 years.

Sample drivers can also be characterized according to driving
characteristics. Most driversworked for for-hire carriers (86 percent),
not private fleets. Company drivers made up 60 percent of the sam-
ple, whereas just over one-third (34 percent) were owner-operators.
The remainder were temporary, casua, or leased drivers. The over-
whelming majority of the drivers (95 percent) drove tractor-trailers,
and about a quarter (29 percent) indicated that they typically drove
double-combination vehicles. Only 4 percent reported driving longer
combinations (e.g., Rocky Mountain doubles or triples). A sleeper
berthwasavailableto half (53 percent) thedrivers. A mgjority (65 per-
cent) said that they never engaged in team driving. However, 18 per-
cent said they always worked in a team-driving configuration, and
17 percent engaged in team driving sometimes. Nearly all (93 per-
cent) the respondents described their runs as primarily interstate.
The average distance driven per week was estimated to be 4583 km
(2,848 mi). The average number of stops for pickups or deliveries
was 2.39 per day.

Finally, 80 percent reported that they had not had a reportable
crash and 93 percent had not had a chargeable crash in the previous
2 years. The raw dataon crash rates were normalized to account for
the amount of crash risk exposure adriver experiences. Crash rates
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were normalized by dividing the number of crashes by the aver-
age number of miles driven and were expressed per 160 934 km
(100,000 mi). The normalized distribution of crash rates was essen-
tially equivalent to the unadjusted distribution. The 20 percent who
acknowledged reportabl e crashes had between 0.17 and 2.75 crashes
per 160 934 km. The 7 percent who reported chargeabl e crashes had
between 0.20 and 2.75 chargeabl e crashes per 160 934 km.

Selecting Indicators for
Environmental Characteristics

Each of the 25 possible indicators was first evaluated to ensure that
it yielded sufficient variability among the drivers to be of interest.
Beyond this, however, no assumptions could be made about how
indicators of a given construct would be related to each other. The
relative independence of theindicators precluded the use of standard
data reduction techniques like factor analysis. An indicator’s asso-
ciation with fatigue and crash behavior was thus used to sel ect those
indicatorsto be further investigated.

The survey contained 15 items related to fatigue and crash
behavior:

* Closecalls(near accidents) because of alack of alertnessat four
fixed locations,

* Closecallsbecause of alack of alertnessat two driving locations,

* Five assessments of fatigue and alertness while driving,

* Two perceptions of the extensiveness of the fatigue problem
among other drivers, and

* Two crash-involvement indicators.

The ability of each environmental indicator to account for variation
in the fatigue and crash measures was ascertained, and indicators
failing to account for astatistically significant (at p < .05) amount of
variationin at least two outcomes were eliminated from further con-
sideration. The significance standard was relaxed to p < .10 twice
to alow retention of two measures that are uniquely descriptive of
driving behavior (i.e., the number of different 6-h time zonesdriven
daily and route regul arity). Following this procedure, indicators were
evaluated for excessivemulticollinearity (i.e., > .4). However, noindi-
catorswere eliminated on the basis of thiscriterion. These procedures
yielded a much more efficient model consisting of 12 indicators.

Regularity of Time Indicators

Regularity of time refers to the extent to which drivers can achieve a
set pattern of driving behavior. The literature and industry experts
suggest that drivers who can regularize their time behind the wheel
should be able to drive more safely. The first indicator, a subjective
estimate of how often they drive the same hours, revealed that just
over one-third (38.8 percent) of the sample was “never” or “rarely”
ableto start and stop driving the same time each day. The remaining
61.2 percent said they were ableto do this* sometimes,” “frequently,”
or “aways.”

Regularity of time can also be viewed in terms of the variability of
the driving experience. Four daily work time zones were created by
dividing the workday into four 6-h periods (starting at 6:00 am.). A
driver was considered to drive regularly during a given time zone if
more than 10 percent of his or her driving time occurred during that
timezone. Thevast mgjority of driversreported driving in threetimes
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zones. 6:00 am. to noon (73.3 percent), noon to 6:00 p.m. (73 per-
cent), and 6:00 p.m. to midnight (69.3 percent). The only time zone
with a different utilization pattern was midnight to 6:00 am.; just
under half (45.7 percent) reported that they normally did not drive
these hours, and just over half (54.3 percent) said that they did drive
during these hours. Thevariability of thedriving experience was mea-
sured simply by counting the number of time zones reported by each
driver (i.e., oneto four zones). Very few drivers (10.9 percent) drove
during only one time zone. One-quarter of the drivers (25.3 percent)
reported extensive variability in their driving behavior by reporting
that they normally drove during all four time zones.

Thesetwo indicators were significantly related to four fatigue and
crash outcome measures (at p < .05), and they explained between
2 percent and 4 percent of the variation in these measures. Driving
the same hourswas a stronger individual predictor than the number
of time zones. As expected, routinely driving the same hours was
negatively related to perceptions of fatigue, continuing to drive
when lessthan alert, and perceptionsthat fatigueisacompanywide
problem for drivers.

Trip Control Indicators

Trip control entails the amount of discretion and flexibility drivers
have while engaged in driving. Six indicators emerged as useful
predictors of fatigue and crash outcomes.

Thefirstindicator wasregularity of route, the extent to which driv-
ers drive the same routes frequently. About half (45.9 percent) of
the study driversfell into thisfirst category, whereas the remaining
(54.1 percent) were classified as driving a wide variety of routes.
Freedom to choose own routes was the second indicator. Sample
drivers appeared to be afforded more latitude in this area of work,
asalarge majority (84.4 percent) reported high levels of flexibility.

The third indicator was number of loads taking longer than
expected to load or unload. Loading and unloading areintegral parts
of the driving environment. There is debate about whether these
activities increase fatigue emanating from the physical work or off-
set fatigue induced by otherwise long periods of driving. Addition-
ally, not being ableto accurately forecast the amount of timeloading
or unloading will take is thought to contribute to fatigue and stress.
It makesarriving on timefor the next pickup or delivery problematic
and can lead to perceived pressure to make up time by driving faster
or longer. Longer-than-anticipated | oad times a so make planning for
rest stop times and locations difficult. Thusthistrip control indicator
focuses on the number of loads where waiting time is longer than
forecast by the driver. Operationally, drivers who wait longer than
anticipated for 30 percent or more of their loads were deemed to have
lesstrip control. More than half (52.6 percent) werein this group.

Difficulty in finding aplaceto rest wasthe fourth indicator of trip
contral. It isintuitive that not being able to stop when tired could be
amajor determinant of fatigue and crashes. The extent to which driv-
ersexperience this problem wasmeasured by classifying driversinto
two groups: those who never, rarely, or sometimes have difficulty
finding a placeto rest (51.3 percent), and those who report thisto be
frequently or always a problem (48.7 percent).

The fifth indicator, schedule delays, consisted of the percent of
work time spent in traffic delays or waiting to make a pickup or
delivery. Like the experience of long load times, schedule delays
contribute to fatigue and the potential for crashes by initiating a
sequence of eventsthat can occur when adriver is behind schedule
(e.g.,.pressure to make up time, delaying rest, and forgoing planned
rest locations). Drivers reported that between 0 and 90 percent of
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their work time was consumed by scheduling delays, with an aver-
age of 18.3 percent.

Thefinal indicator of trip control wasthe average number of stops
adriver made each day. Again, thereis debate about the effect stops
have on fatigue. Stops can break the monotony of driving, but they
provide more opportunity for unanticipated delays. About half the
sample (51.4 percent) reported making one or fewer stops per day
on average, and 48.6 percent reported making two or more.

Trip control was significantly related (at p < .05) to 10 fatigue and
crash outcomes, explaining between 4.5 percent and 9.3 percent of the
variation in these outcome variables. Five of the six trip control indi-
cators were significant predictors for at least one of the outcome
measures. L onger-than-anticipated |oading timeswasthe single best
predictor for four of the outcome measures. Average number of stops
per day wasthe single best predictor for three measures. Difficulty in
finding a place to rest was the single best predictor for two measures.

Gluality of Rest

Quality of rest pertains to a driver’s ability to obtain good-quality
sleep and rest while working. Quality of rest is especially important
in truck driving work because of the need for alertness, the long
hours driving can entail, the frequent requirement to sleep away
from home, and the need to sometimes drive during hours that are
counter to circadian rhythms. Four indicators are examined.

The frequency with which drivers are able to get their sleep at
nighttime is the first indicator. A majority of the sample drivers
(60.9 percent) reported that they were able to sleep at night never,
rarely, or sometimes. The remaining drivers indicated that they
were able to sleep at night frequently or always. The second indi-
cator was the amount of uninterrupted sleep that drivers typically
were able to get during a 24-h period when working. About athird
(35.3 percent) said they were ableto get 5 or fewer hours of sleep,
and nearly two-thirds (64.7 percent) were ableto get morethan 5 h
sleep. The extent to which driversare able to get homewasthethird
indicator of quality of rest. The samplewas nearly equally divided,
with 52.6 percent away from home more than 2 weeksat atime and
47 .4 percent ableto get home at | east once every 2 weeks. Thefinal
indicator was the frequency with which the driver reported starting
the workweek feeling tired. Approximately one-third (38 percent)
indicated that they never or rarely started tired, whereas almost
two-thirds (62 percent) indicated that they sometimes, frequently,
or always started tired.

Quiality of rest was significantly related to eight fatigue and crash
outcomes, explaining between 2.1 percent and 15.2 percent of the
variation. Furthermore, each of the four indicators was a significant
predictor for at least one outcome measure.

Themost pervasive finding wasthe predictive strength of starting
the workweek tired. It was significantly related to eight outcomes
and wasthe only significant predictor for three of the outcomes. For
example, starting tired itself explained 12 percent of thevariationin
self-reported feelings of fatigue.

The frequency with which the driver gets home was a significant
predictor for three outcome measures. Interestingly, getting home
more often was associated with more close calls, ahigher frequency
of nodding off while driving, and more reportable crashes.

Refinement of Fatigue and Crash Outcomes

The 15 fatigue and crash indicators specified in the model have thus
far been treated as single-item outcomes. This was useful for avery
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in-depth understanding and for refining the independent variables,
but it is rather tediousin presentation. Asin the case of the driving-
environment indicators, areduction inthe number of dependent vari-
ableswould result in amore efficient model. Unlike the independent
variables, however, an examination of the 15 outcome indicators
suggests some natural groupings may exist. Conceptually, the close-
call items appeared to be alogical grouping, whereas the two crash
items (i.e., reportable and chargeable) appeared to be a second log-
ical grouping. Theremaining items, reflective of perceptions of per-
sonal and others’ fatigue, constituted athird possibility. Accordingly,
factor analysis was employed.

Table 1 shows the results of the factor analysis of the dependent
variables. The close-callsitemswere unidimensional . The Cronbach
alpha associated with the six items (a = .81) further supported the
unidimensionality of the measure. This newly formed measure was
named frequency of close calls.

Table 1 also shows that the perceptions of fatigue items have a
unidimensional factor structure. These six items also yielded a
Cronbach alpha (o = .80) indicative of asinglefactor. Accordingly,
these six items were combined to form a measure called self and
others' perceptions of fatigue.

The results of the factor analysis for the two crash involvement
indicatorsyielded asingle-factor solution. The two itemswere then
combined to form asingle measure. The Cronbach alpha associated
with the new crash involvement measure was . 76.

Figure 2 illustrates the driving-environment model with the
reduced number of driving-environment indicators and the revised
fatigue and crash outcome indicators. In addition, Table 2 reports
the descriptive statistics for all the variablesincluded in thismodel.
Table 2 indicates that nearly all the variables were characterized by
reasonabl e dispersion relative to their range. Only crash involve-
ment appeared to suffer from restriction in range. Thisrestrictionin
range indicatesthat it will be difficult to achieve statistically signif-
icant findings for analyses involving crash involvement. In other
words, the relative infrequency of crashes makes the prediction of
this outcome very difficult. However, given the criticality of crash
involvement, it was retained.

CMV Driving Environments

Regularity of Time

e Estimate of time driving same hours

o Number of different 6-hour time zones
spent driving

Trip Control

e Regularity of route

¢ Freedom to choose own routes

o Number of loads taking longer than
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TABLE 1 Results of Factor Analysis of
Fatigue Outcome Measures

Frequency of Close Call Items Factor
At a terminal .69
At a weigh station .65
At a truck stop 78
At a shipper/receiver facility .76
While driving in urban area or secondary road 75
‘While driving on interstate .66
Eigenvalue/Percent of Variance Explained 51.38
Perceptions of Fatigue as Problem Items Factor
Near misses because of fatigue .63
Nod off while driving 79
Think fatigue is a problem .76
Continue to drive when tired 77
Fatigue is a company problem .64
Fatigue is an industry problem .66
Eigenvalue/Percent of Variance Explained 50.67

TYPOLOGY OF WORK ENVIRONMENTS

The three primary characteristics of driving environments and their
underlying indicators provide the basis for a typology of driving
environments. At present, little is known about the proportions of
drivers who work under conditions that are favorable for avoiding
fatigue and crashes (i.e., enjoy regularity of time, high levelsof trip
control, and high quality of rest) and under unfavorable conditions

Fatigue and Crash Outcomes

Frequency of Close Calls

N Self and Other Perceptions of Fatigue

expected to load or unload

o Difficulty in finding a place to rest

o Percent of time spent waiting for pickups,
deliveries, or in-traffic delays

Quality of Rest

o Extent of sleep at nighttime

e Number of hours uninterrupted sleep
e Recovery time at home

e Start work tired

Crash Involvement

FIGURE 2 CMV driving enviconments and revised fatigue and crash outcomes of truck drivers.
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TABLE 2 Descriptive Statistics for Variables Specified in CMV Driving Environments and Fatigue Outcomes Model

Variable Range Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1. Driving same 1-2 1.62 .49
hours
2. Number of 1-4 2.70 98 11
time zones
3. Regularityof  1-2 1.54 S50 15 .06
route
4. Choose own 1-2 1.84 36 01 -00 .02
routes
5. Longload 1-2 1.53 50 -.06 .05 .01 -.05
time
6. Difficulty in 1-2 1.49 50 -16 .07 .07 -.01 15
rest place
7. Schedule 0-90 1831 11.54 -04 .07 .00 .01 .16 .02
delays
8. Avg. stops 1-2 1.49 50 -05  -00  -14 .04 .05 .00 .00
per day
9. Sleep at 1-2 1.39 49 29 -13 0 -02 06 -15  -23 07 -.06
night
10. Uninterrupted  1-2 1.65 .48 20 -05 -0t 02 -09 -10 -09 -.01 30
sleep
11. Frequency at 1-2 1.47 .50 06 -03  -26 A1 -08  -09  -10 27 .09 .01
home
12. Start work 1-2 1.62 49 -08 02 -04 -13 18 15 .07 .04 28 .18 -08
week tired
13. Close calls 6-28 1160 390 -08 -09 -.06 .07 .16 A1 -.00 .02 07 -02  -02 18 (.81)
14. Fatigue 6-26 1480 424  -17 02 -.09 -.05 .29 17 A1 .09 26 -22  -04 40 43 (.80)
15. Crash 0-5.49 13 36 .02 02 -07 -.04 07 -01  -02 13 -08  -05 .07 12 06 A2 (77)
involvement
Notes: (1) N's ranged from 468 to 502 due to missing data

(2) Cronbach alphas for multi-item scales are on diagonal

(3) Correlations = +.09 are statistically significant at p < .05 (2-tailed); correlations = +.13 are statistically significant at p <.01 (2-tailed)

(i.e., poor regularity of time, low levels of trip control, and poor
quality of rest).

By drawing on the preceding analysis, the single best predictor of
fatigue and crash outcomes for each characteristic was identified.
Thebest indicator of regularity of timewasthe estimate of timedriv-
ing the same hours. For trip control, the number of loads taking
longer than expected to load or unload was observed to be the
strongest predictor. Quality of rest was best represented by the fre-
quency with which drivers start their workweek tired. By dividing
each indicator into unfavorable and favorable levels, a2 x 2 x 2
typology containing 8 driving-environment cells was formulated
and is presented in Table 3. Each of these environmental cells can
be viewed as away to describe various CMV driver work environ-
ments. The typology depicted in Table 3 is one of 48 that could be
formulated by using the three driving-environment characteristics
and their 12 underlying indicators (i.e., 2 x 6 x 4).

Asshownin Table 3, all eight driving environments were repre-
sented in the sample. The environment with the largest proportion
of drivers (20.1 percent, N = 100) was No. 4, characterized by reg-
ular driving time but more loads with longer load times than
expected and a high frequency of starting the workweek tired. The
next most common environment (16.5 percent of the drivers, N =
82) wastheleast favorable. These driversreported driving irregular
times, waiting much longer than they had planned for more loadsto
be loaded or unloaded, and a high frequency of starting the work-

week tired. Collectively, thisdistribution of driversinall eight envi-
ronments suggeststhat CMV work environmentsare highly variable
and that there is no such thing as atypical work environment.

One-way analyses of variance were completed by using thiswork
environment to predict each of the three fatigue and crash outcomes
(see Table 4). Work environment was found to be astatistically sig-
nificant (p<.001) predictor for two outcomes—the frequency of close
calls and perceptions of fatigue. A visual inspection of the means
indicates that these outcomes were higher in the higher-numbered
work environments. It appears that the eight driving environments
may be viewed somewhat in a continuum fashion with thefirst envi-
ronment as the most favorable and the eighth environment as least
favorable.

Although not reported here, additiona driving-environment typol-
ogieswere formulated and analyzed with similar results. One com-
bination merits special comment because of its ability to explain
variationin crash involvement. The environment defined by driving
regularity, number of loads taking longer than expected, and num-
ber of hours of uninterrupted sleep, was significantly related (p <
.05) to all three outcome measures. As before, there was a general
increased trend toward more undesirable outcomes in the higher-
numbered environments. I nterestingly, however, the absolute worst
scenariofor crashinvolvement (M =.29) occurred in the environment
characterized by longer-than-anticipated waiting times for loads and
5 or fewer hours of sleep but regular driving times. Fortunately, the
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TABLE 3 Distribution of Drivers
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Driving Environment Frequency Percent
1. Drive regular time, low load wait time, do not 7 145
start workweek tired ’
2. Drive regular time, low load wait time, start
. 79 159
workweek tired
3. Drive regular time, high load wait time, do not 53 107
start workweek tired ’
4. Drive regular time, high load wait time, start
. 100 20.1
workweek tired
5. Drive irregular time, low load wait time, do not 39 738
start workweek tired ’
6. Drive irregular time, low load wait time, start
. 46 9.3
workweek tired
7.  Drive irregular time, high load wait time, do not 2 52
start workweek tired ’
8. Drive irregular time, high load wait time, start
. 82 16.5
workweek tired
Total 497 100%

percentage of drivers working in this environment (9.1 percent) was
relatively small.

DETERMINING HOW DRIVING-ENVIRONMENT
INDICATORS AFFECT FATIGUE AND CRASHES

Testing the driving-environment component of the CMV driver
fatigue model issomewhat premature because many €l ementsknown
to affect fatigue and crashes are not included in Figure 2 (i.e., eco-
nomic pressures and carrier support for driving safety). Still, insights
may be gleaned by examining how driving-environment indicators
affect fatigue and crash outcomesindependent of any specific driving-
environment typology. Regression analysis was used to test whether

TABLE 4 Driving Environment as Predictors

the CMV driving-environment factors were related to fatigue and
crash outcomes (see Table 5).

Close Calls

The 12 indicators of driving environment explained 5 percent (F =
2.95, p <.001) of the variability of close calls dueto fatigue. Three
indicators, one from each environmental factor, emerged as useful
predictors of close calls. The number of different 6-h time zones a
driver worked in during a given workweek (B = -.11, p < .05) was
negatively related to close calls, a rather counterintuitive finding.
One would expect more time zones to be associated with a greater
frequency of close calls. The results associated with the other two

Driving Environment Means

Fatigue and

Crash Outcome Range 1 2 4 5 6 7 8 F
Close Calls 6-28 1006 11.09 1178 1218 997 1289 1127  12.67 4.62*
Self & Others’ Perceptions 6-26 1155  14.65 1333 1632 1215 1576 1496 1743 18.17*
of Fatigue

Crash Involvement 0-5.49 .00 11 .00 21 .00 .16 .00 .14 1.55

*p <001

www.manaraa.com



132 Paper No. 01-2294

TABLE 5 Results of Regression Analysis of Fatigue Indicators

Self and Others’

Driving Environment Close Calls  Perceptions of Crash
Indicators Fatigue Involvement
Regularity of Time
Driving the same hours -.06 -.10% .03
Number of time zones - 11* -.03 .02
Trip Control
Regularity of route =07 -.09* -.04
Can choose own routes .08 .03 -.02
Long load time 12* 18** .05
Difficulty in rest place .06 .07 -.05
Schedule delays -.04 .06 -.03
Average stops per day -.02 .04 10 %*x
Quality of Rest
Extent of sleep at night .01 -.08 -.05
Uninterrupted hours of .03 -.09* -.04
sleep
Frequency at home -.01 -.01 .07
Start workweek tired 18 20%* 09 ***
F 2.95%* 11.41%* 1.67 %%+
Adjusted R? .05 23 02

*p <.05 **p <.001 *xEp <10

indicators were in the expected direction. The experience of more
than 30 percent of one's |oads taking longer than expected to load
or unload, atrip control indicator, was positively related (B = .12,
p <.05) to close calls. Finaly, quality of rest, as reflected in some-
times, frequently, or always starting the workweek tired (3 = .18,
p<.001), wasalso positively related to close calls. Thus, athough the
total amount of explained variation was modest (5 percent), thereis
evidence that elements representative of each environmental factor
play arolein the frequency of close calls.

Self and Others’ Perceptions of Fatigue

Driving-environment factors accounted for 23 percent (F = 11.41,
p<.001) of thevariation infatigue perceptions. Asin the case of close
cals, factors from each environmental set played arole. Drivers
who never or rarely drove the same hours had higher perceptions of
fatigue (B = —.10, p < .05). Trip control yielded two useful predic-
tors. The extent to which drivers experience regularity in the routes
they drive was linked to fatigue, and less regularity was associated
with morefatigue (B = —.09, p < .05). More |oads with longer-than-
expected load times (f = .18, p < .001) was also associated with
morefatigue. Quality of rest also produced two predictors of fatigue.
Driverswho reported getting 5 or fewer hours of uninterrupted sleep
when they wereworking (8 = -.09, p < .05) or who started the work-
week tired (B =.29, p< .001) were significantly morelikely to report
higher levels of fatigue in others or themselves.

Crash Involvement

The ahility of the three environmental factorsto account for variation
in actual_crash involvement was small and.only marginally statisti-
cally significant (i.e., 2 percent, p< .07). Recall, however, that achiev-
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ing statistical significance was predetermined to bedifficult, giventhe
low baserate of crashes (i.e., the restriction in range association with
the crash involvement measure). The two predictors of crashes came
from the trip control and quality of rest categories. The average num-
ber of stops per day (asmeasured by one or fewer versustwo or more)
was positively (B =.10, p<.10) related to the number of crashes, and
starting the workweek tired also contributed to the explanation of
crashes (3 =.09, p<.10).

DISCUSSION OF RESULTS

The primary objectivesfor this paper were to devel op atypology of
driving environments, to estimate the percent of driversworking in
each type of driving environment, and to describe how driving envi-
ronment affects fatigue and crash rates. The literature review and
focus groups of industry professionals led to the development of
25 potential indicators of truck driving environments. A survey of
randomly selected truck drivers provided the required data.

Twelve driving-environment indicators were found to be mean-
ingfully related to 15 fatigue and crash outcome measures. two
regularity-of-timeitems, six measures of trip control, and four items
indicating quality of rest. Factor analysis identified three constructs
underlying the 15 fatigue and crash measures: close calls due to
fatigue, the perception of fatigue as a problem for self and other
drivers, and crashes (reportable and chargeable).

Because all three hypothesized driving-environment characteris-
tics were good predictors of fatigue, each was used to develop var-
ious 2 x 2 x 2 typologies of driving environments. An eight-cell
typology based on the strongest single predictor of fatiguefrom each
of the three driving-environment characteristicswas created, and its
ability to predict fatigue and crashes was assessed. Each possible
driving-environment cell was represented by some sample drivers,
with 16.5 percent of the driversin the environment most conducive
to creating fatigue and crashes.

This particular typology does a good job of predicting the fre-
quency of close calls due to fatigue and drivers perceptions of
fatigue being aproblem for themselves and other drivers. Itisnot as
good at predicting crashes, but thisis likely because of, at least in
part, the low base rate of crashes. Another typology that does pre-
dict crashes was identified and briefly discussed. One problem with
forming typologies of driver work environmentsis that it is possi-
ble to identify only the best cell with respect to fatigue and safety
and the worst cell. The in-between cells are more difficult to assess
because of the interactive effects of the fatigue indicators.

Finaly, regression analysis was used to determine the effect the
12 driving-environment indicators have on fatigue and crashes. The
model provided statistically significant resultsfor thetwo fatigue out-
come measures and marginally significant results (p < .10) for the
crash measure. Starting the workweek tired was a significant predic-
tor for all three dependent variables and positively related to each.
Longer-than-expected loading or unloading times was a significant
predictor of close calls and perceptions of fatigue and positively
related to each.

These results suggest several implications relative to the role of
truck driving environmentsin reducing driver fatigue:

 Carriersshould focus on providing adequate recovery time for
drivers between driving stints.

* Driversshould usethe provided recovery timeto obtain adequate
rest to begin the next driving period refreshed and dert.

* Shippers and carriers need to work together to improve the
scheduling and performance of loading and unloading activities.
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Additionally, driving the same hours each day and obtaining at
least 5 h uninterrupted sleep between driving stints were significant
predictors of drivers' perceptions of fatigue as a problem. Thus, the
results support the conventional wisdom that putting driverson reg-
ular time schedules hel ps reduce fatigue. Theimportance of an ade-
quate amount of quality sleep is also highlighted by these findings.
This study used 5 h uninterrupted sleep because it was the median
for the sample drivers. This should not be construed as the optimal
amount of sleep necessary to avoid fatigue.

In conclusion, this study indicated that the driving environment
plays akey rolein driver fatigue. It also revealed that alarge per-
centage of drivers are at high risk for experiencing fatigue on the
job. The CMV driver fatigue model presented in this paper hypoth-
esizes other fatigue-influencing factors (i.e., economic pressures and
company practices and programsthat promote safety) that were not
investigated. Research on the effects of these factorswould provide
additional useful insights on the issue of driver fatigue.
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