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Overview of Study
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5 ODPJECLVES -
SGENNE OF deVelop: t /r dlogy of truck driving
SNVIFGRMENtS and percentage of drivers
Withinrdiirerent environments
dSSESSIOPErcT ionﬁi'scheduling requirements

frtruck carriers that affect driver fatigue

— |dent| cheduling and safety practices
that influence driver fatigue and safety
performance




uProjesdesign an‘d,‘b‘
— Partl: DeveJ@)prnerr CMV Driver Fatigue
J\/JJJF’] - Je,r rer :1gr. dullng requirements

—- HJrr 2. I r.Jr“,g% op Study -- develop
r\/,)olo J\/ Jf,rl» | drlvmg environments

— Part 3: Truck Company Study -- assess
scheduling reguirements and safety
practices that influence truck driver fatigue

(Crum and Morrow, 2002)
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GUSIgreups (Industry reps)
13| carrier site visits and interviews with
safety directors, top management,
dispatchrs,gnd drivers



commercialiMotor: Vehicle (CMV) Driver

Fatigue Model

e 3 e o

NREIVVADRVING ERVIFGRMENLS
— Regularitysofitime (4) |
~ Qualibylofrest (8)

2duling demands of commerce (5)
— Driver econom‘! & personal factors (6)
— Carrier economic factors (7)

= Carrier Support for Driving Safety (11)



Commercial Motor Vehicle (CMV) Driver Fatigue Model

CMV Driving Environments

Reqularity 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
Recovery time
Team driving

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
No. loads and trips daily
Perceived pressure to be on-time

Economic Pressures

Scheduling Demands of Commerce
Time allotted by shippers/receivers
Shipper awareness of fatigue issues
Shipper concern with fatigue issues
% business from brokers
% time spent waiting
Driver Economic or Personal Factors
Sufficient income from driving
Non-financial incentives to drive when
tired
Desire for more miles
Rewards/penalties for on-time
deliveries/arrivals
Rewards for safe driving performance
Personal pride in on-time performance

= Penalties levied on carrier for late

Carrier Economic Factors

deliveries

Pressure on dispatchers to accept/hurry
loads and trips

Rewards/penalties for dispatchers for
on-time deliveries/arrivals
Rewards/penalties for dispatchers for
safe driving

Pressure on dispatcher to minimize
deadhead miles

Dispatchers emphasize business over
safety

Co. emphasizes business over safety

Fatigue
= Self-reported frequency of
driving “tired”
= Self-reported no. loads
rejected by driver because
of tiredness in last 2 yrs.

Crashes

Carrier Level
= Company crash rate

= Self-reported no. of close
calls in last 2 yrs. because
driver was less than alert

= Perceived frequency of
driving tired by other co.
drivers

= Average no. of rest breaks
during 10 hr. driving run

= Length of average rest
break

Carrier Support
for Driving Safety

Driver Level

4| =  Self-report no. of
reportable crashes in
last 2 yrs.

= Self-report no. of
chargeable crashes in
last 2 yrs.

e  Operational practices to avoid
fatigue

- Naps allowed
-Use of relay and/or driver teams
-Selectivity in accepting freight
-Safety equipment
-Minimal night driving
-Driver autonomy with respect to
tiredness
-Assistance w/ loading/unloading

Access to mgmt. above dispatcher =
Recognition for safe driving

Co. commitment to HOS .
regulations

Top mgmt. concern with fatigue

& safety

Dispatcher concern with fatigue

& safety

Safety climate

Driver training about fatigue
Dispatcher training about fatigue

Top mgmt. understanding of
fatigue
Perceived org. commitment to
safety
-Driver input into safety
-Continuous training on driving
safety
-Overall co. commitment to safety
-Cordial driver/dispatcher
relationships




PaltsZiliuck Stop Study

)) were sampled at five
Colorado; Georgia;

dominantly interstate and
omﬁ'h /34% owner operator

€ measure characterized by
restriction in range (i.e., 80% no reportable
crashes; 93% no chargeable crashes over last
two years)



Vodel R‘; iSion

driving environments

- Perceptlons of fatigue as a problem for self
and other drivers

— Two normalized crash involvement
indicators (reportable, chargeable)



CMV Driving Environments And Fatigue And Crash Outcomes Of Over-The-Road Truck

Drivers

CMV Driving Environments

Regularity of Time

o  Estimate of time driving same hours

o Number of different 6-hour time zones spent
driving

Fatigue and Crash Outcomes

Trip Control

e Regularity of route

e Freedom to choose own routes

e Number of loads taking longer than expected to
load or unload

o Difficulty in finding a place to rest

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

e  Average number of stops per day

Frequency of Close Calls

Self and Other Perceptions of Fatigue

Quality of Rest

e Extent of sleep at nighttime

e Number of hours uninterrupted sleep
e Recovery time at home

e  Start workweek tired

Crash Involvement




Results of Regression Analysis Testing Driving Environment
Indicators of Fatigue

Self and Others’
Driving Environment Close Calls Perceptions of Crash
Indicators Fatigue Involvement
Reqgularity of Time
Driving the same hours -.10*
Number of time zones -11*
Trip Control
Regularity of route -.09*
Can choose own routes
Longer than expected load time 12* 18***
Difficulty in rest place
Schedule delays
Average stops per day .10°
Quality of Rest
Extent of sleep at night
Uninterrupted hours of sleep -.09*
Frequency at home
Start workweek tired 18*** 29FF* .09°
F 2.95%*** 11.41%** 1672
Adjusted R .05 23 .02

*p < .05 **p < .01 ) <001 "p<.10



Iypology of Driving
Environments

Iving environment
ma 2 x 2 x 2 typology of
K environment.

S 1 48 possible combinations (i.e.,
2 X 6 X 4 indicators).

= ANOVA tests revealed that this typology does
a very good job of predicting fatigue.

= For illustration purposes, we present the
typology using the single best predictor from
each characteristic.



SEstliidicatoPredictors of Fatigue

= Quality of
— Frequency with which drivers start their
workweek tired (i.e., insufficient recovery)

est (4)




Distribution of Drivers by Driving Environment (Driving the Same Hours,
Longer Than Expected Load Times, Starting Workweek Tired)

Driving Environment Frequency Percent

1. Drive regular time, low load wait time, do not start

: 72 14.5
workweek tired
2. Drive regular time, low load wait time, start
: 79 15.9
workweek tired
3. Drive regular time, high load wait time, do not start
: 53 10.7
workweek tired
4, Drive regu_lar time, high load wait time, start 100 201
workweek tired
B. Drive irregular time, low load wait time, do not start
: 39 7.8
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 start
: 26 5.2
workweek tired
8. Drive irregular time, high load wait time, start 89 16.5

workweek tired

Total 497 100%




rspective (drive at
basis, wait time for
iS as exicted, and low

ighth cell is clearly the worst (drive
irregular times on day-to-day basis, waiting time for
loading and unloading is longer than expected, and
usually start workweek tired).



Driving Environment (Driving the Same Hours, Longer Than Expected Load Times, Starting

Workweek Tired) as Predictors of Close Calls, Self and Others’ Perception of Fatigue, and Crash

Involvement

. Driving Environment Means

-atigue and

> h Out

rash DUtome  pange 1 2 3 4 5 6 7 8 =
~lose Calls 6-28 10.06 11.09 11.78 12.18 9.97 12.89 11.27 12.67 4.62%
self & Others’

derceptions of 6-26 11.55 14.65 13.33 16.32 12.15 15.76 1496 17.43 18.17*
-atigue

~rash 0-5.49 .00 11 .00 21 .00 .16 .00 14 1.55
nvolvement

*p =.001
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o Carrlers sh‘buld create regular schedules to

the extent possible.
= Drivers need to obtain at least five hours of
uninterrupted sleep in a 24-hour period.
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Pl ilicka@empany Study
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Ol)jr—‘r*'r]v@ (0) dSSESS
dERSAlELY Practices
driverfatigue

- = Sample ﬁrm;"f-'la‘-" cking companies;

- ral mey Samp ed from three safety

perfo e-stratified groups

Sample respondents include top mgmt.,
safety directors, dispatchers, and drivers in
order to obtain necessary data for non-
environment components of CMV Driver
Fatigue Model

scheduling requirements
that influence truck




sNDrivers (n = 279)in Part 3 are different from
LHUCK SLOP! SUJ/ respondel

as I y stops per day (5 vs. 2.4)
— Crash performance about the same



Revised Commercial Motor Vehicle (CMV) Driver Fatigue Model

CMV Driving Environments

Reqularity of Time

e  Estimate of time driving same hours

e Number of different 6-hour time zones
spent driving

Quiality of Rest

e  Start work tired

Trip Control
e Difficulty in finding a place to rest

e  Average number of stops per day

Fatigue and Crash Outcomes

Economic Pressures

Scheduling Demands of Commerce

e  Percent of shippers and receivers
providing adequate time
(dispatchers’ perceptions)

e Size of delivery/arrival window

e  Percent of business from brokers

e  Percent of time loading or unloading

Driver Economic or Personal Factors

e  Personal motivations to continue
driving when tired

e  Drivers compensated for on-time
deliveries/arrivals

o Drivers penalized for late deliveries/arrivals

Carrier Economic Factors

e  Pressure on drivers to accept/hurry
loads and trips (driver’s perceptions)

e  Pressure to bend rules (drivers’
perceptions)

e  Pressure to dispatch loads and trips
(dispatchers’ perceptions)

e Dispatcher evaluation based on
operating efficiency

e Frequency of close calls
e Self and other perceptions of fatigue

e Crash involvement

Carrier Support For

Driving Safety

e  Safe driving culture
(drivers’ perceptions)

e Voluntary attendance at safety
and training meetings

Assistance with loading/unloading
Company policies which minimize
nighttime driving




Hierarchical Regression Analysis of Operational Scheduling Requirements and Carrier Support
for Driving Safety on Fatigue and Crash Involvement

Operational Scheduling
Requirements and Carrier
Support for Driving Safety

Close Calls

Self and Others’

Perceptions of Fatigue

Step,

Step, Step;

Step,

Step 1: Operational

Scheduling Requirements
Driving the same hours

Number of time zones

Start workweek tired

Difficulty in finding a place to rest
Average number of stops per day
Percent of shippers and receivers
providing adequate time

Size of delivery window

Percent of business from brokers
Percent of time spent loading

or unloading

Personal motivations to continue
driving when tired

Drivers compensated for

on-time deliveries

Drivers penalized for late deliveries

Pressure on drivers to accept/hurry loads

(drivers’ perceptions)

Pressure to bend rules

(drivers’ perceptions)

Pressure to dispatch loads
(dispatchers’ perceptions)
Dispatcher evaluation based on
operating efficiency

Step 2: Carrier Support for Driving

Safety

Safe driving culture (drivers’ perceptions)

Voluntary attendance at safety and
training meetings

Assistance with loading/unloading
Company policies which minimize
nighttime driving

F

Change in F
Change in R?
Adjusted R?

.20
21*

-.147

2.93***

.29
19

.23*% 22*
23**

_.23**

A7

15

-15°

2.66***  4.02%**
1.43

.03 .36
.20 27

18*

_.26**

-.16*
-.20*
-.18*

4.39***
4.13**
.08
34

*n < .05 **n < 01 *xk < 001

ipn<.10



FnEIngsianaimplications

SREMVADriving Environme rf |

»
— Stanting Wmeee' tired (| e., insufficient
~ Fecovery)'was adain the smgle most
 c) JPJJJ‘JC:JJ‘] factor
— Difficulty in finding a place to rest emerged
as a significant factor



ECONOMICERESSUreS ‘

= Shippers/receivers pla ‘k'éy role via
CHEdUING practices equrements and

actlial pn \/:'DJCEJJ interface

— Companyspressure on drivers and

~dispatchiers has an influence on fatigue
— Carriers” evaluation and reward/penalty

methods have an influence on fatigue

)
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= Company:sare
diliecHarveriat

- — Carrier Jjﬁ‘j
L Seeiated with

driving are associated with less fatigue

— Carrier safety practices have an
Incremental impact on drivers’ perceptions

of fatigue beyond the effects of scheduling
requirements and practices




Aelelitiogel gL y5|s of Data

Morew and Crum, 2004)

N Randemlyiselected one driver from each
OIREEN T 6rCOMpPanIes
= FoclisEdion trick driving environment and
"] rm,un\/ Saliety. management practices
x Findi
- Signl icant factors predicting either driving

while fatigued or close calls due to fatigue:
Insufficient recovery time, schedule

irregularity, difficulty finding rest places, and
average miles driven per week

-




= Corrje runy agement practices
dCUEANOIHE JIIJJJI - of explained variation
nfatigue’while driving and frequency of
clPSE GallS .
— Driver perceptions of a weak safety climate
.mJ ,)re::;ﬂf) ‘om dispatchers to continue
‘ ired were associated with

— Policies to minimize driver loading and
unloading were associated with fewer close
calls



Model 2:
Frequency of Close Calls

Step 1 Step 2
23* .20*
288 .20*
28** .19*
26%*
Minimize loading/u -.22*
Pressure to drive ) : 207
F 5.34*** 6.93*** 3.58** 5.14***
Change in F 7.06*** 6.20%**
Change in R? LG .18 24 19
Adjusted R? 25 42 18 35

p < .05. "p < .01. "p<.001. Tp<.10.



\Jﬂlﬁ IONS

s THENGMV/ Driver Fatigue Model
GAEVEIOPEM M TNIS S udy does a
[Easenably deod job of predicting driver
fatigueintthe trucking industry.

All"parties involved in freight
transportation by truck have an impact
on driver fatigue.

= [he indicators in the model provide a
good focal point for motor carrier safety
efforts.

L ot
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