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Naturalistic Data Collection

ÅCollecting driver behavior and performance 
data in a naturalistic environment

ÅExamples: 

ðAs light vehicle drivers commute to/from work 
(e.g., 100-Car Study)

ðAs truck drivers operate their vehicles on 
revenue-producing runs (e.g., Sleeper Berth 
Study, Local/Short Haul Study)

ÅHigh validity

ÅLow control
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Empirical Data 
Collection

Large -Scale Pseudo 
Naturalistic Data 

Collection

ÅProactive
ÅProvides 

important ordinal 
crash risk info

ÅPrecise knowledge 
about crash risk

ÅInformation about 
important 
circumstances and 
scenarios that lead 
to crashes

ÅImprecise, relies on 
unproven safety 
surrogate

ÅExperimental 
situations modify 
driver behavior

ÅReactive
ÅVery limited 

pre-crash 
information

ÅñNaturalò driver behavior
ÅDetailed pre-crash/crash info

ÅDistraction
ÅFatigue
ÅAggressive driving
ÅDriver errors
ÅVehicle dynamics

ÅPotential validation of 
surrogate measures

Epidemiological 
Data Collection
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Data Collection Approach
Á Normal, revenue-producing deliveries

Á Class-A CDL drivers

Á Instrumented Trucks

Å Continuousdata collection 

Å 4 to 16 wks of data per driver

Á Driving performance

Å Kinematic and 5 video channels

Á Sleep/Wake (Actigraph)

Á Psychomotor Vigilance Test (PVT)

Á Activities during on-/off-duty

5



V
T

T
I

D
ri
v
in

g
 T

ra
n
s
p
o
rt

a
ti
o
n
 w

it
h
 T

e
c
h
n
o
lo

g
y

Data collection system box

Data collection system box 
under passengerôs seat

Front VORAD
Rearward Camera

Face & Forward Cameras
6
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Finding Safety Critical Events

ÅHow are SCEidentified?

ÅSample event triggers

ðLongitudinal Acceleration

ðTime-to-Collision

ðSwerve

ðLane Deviations

ðCritical Incident Button

ðAnalyst Identified

ÅValidated with video review

http://images.google.com/imgres?imgurl=http://www.truckaccidentlawyerblog.com/TractorTrailer.jpg&imgrefurl=http://www.truckaccidentlawyerblog.com/legal_resources/&h=481&w=728&sz=61&hl=en&start=23&um=1&tbnid=bRxs9u6HaD6GUM:&tbnh=93&tbnw=141&prev=/images?q=tractor+trailer+view&start=20&ndsp=20&um=1&hl=en&rls=com.microsoft:en-us&sa=N
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Data Coding

ÅData Directory

ðUsed classification categories found in GES, 

FARS, LTCCS, and other databases

ðListed all relevant variables, for example:

ÅWeather

ÅRoad type

ÅTraffic density

ÅEvent contributing factors

ÅOther factors of interest
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Safety Critical Events

Á3 Types

ÅCrashes

ÅNear-crashes

ÅCrash-relevant Conflicts

ÁCrash

ÅContact with an object, either 

moving or fixed, at any speed

ÁNear-Crash

ÅAny circumstance that requires 

a rapid, evasive maneuver (e.g., 

hard braking, steering) by the 

subject vehicle or any other 

vehicle, pedestrian, cyclist, or 

animal, in order to avoid a crash

ÁCrash-Relevant Conflict

Åéless severe evasive maneuver 

as compared to Near-Crash

10
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Project Objectives

ÁCharacterize safety -critical events and baseline 

epochs (non-events) that were recorded in the Drowsy 

Driver Warning System Field Operational Test (DDWS 

FOT) and Naturalistic Truck Driving Study (NTDS)

ÁFocused on identifying driver tasks

ÅSecondary tasks: related to the driving task (e.g., turn -signal 

use, checking mirrors, checking speedometer, etc.)

ÅTertiary tasks: not related to the driving task (e.g., talking on 

a cell phone, interacting with dispatching device, eating, etc.)

ÁClassify driver inattention by conducting eye glance 

analysis
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Background

Á41,059 people were killed in 2007 in road 

crashes
Å12% involved large trucks

Å9% were attributed to driver inattention (LTCCS, 2005)

ÁPolice accident reports are limited because 

data is retrieved after the fact 
ÅDrivers may not remember details or may be hesitant to 

report; therefore, distraction-related crashes are thought 

to be under-reported.
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What is Driver Distraction?

ÁDriver distraction may be defined in 

many ways:
Åòmisallocated attentionó (Smiley, 2005)

Åòany activity that takes a driverõs attention away 

from the task of drivingó (Raney et al., 2000)

Åòsomething that distracts the attention and 

prevents concentrationsó (Oxford Dictionary)

Åòattention given to a non-driving related activity, 

typically to the detriment of driving performanceó 

(ISO, 2004)
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Driver Distraction Continued

ÁPettitt, Burnett, and Stevens (2005)
ÅImpact- on the driving task

ÅAgent- secondary/tertiary task

ÅMechanism- compels driver to shift attention

ÅType- compromising visual, cognitive, etc. functioning

ÁHanowski et al. (2001)
ÅInattention + Critical Incident = Distraction

17
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Overview of Naturalistic Truck 

Studies

DDWS FOT

Á Naturalistic data collection study in which data were collected for 

18 months from 103 drivers

Å Participated for an average of 12 weeks

Å 2.2 million miles of driving

Á The purpose of the DDWS FOT was to evaluate the Driver Fatigue 

Monitor (DFM) developed by Attention Technologies, Inc.

NTDS

Á Naturalistic data collection study in which                                

data were collected for 18 months from                                     

100 drivers

Å Participated for an average of 4 weeks

Å 735,000 miles of driving
 

 

Forward View Face View 

Over-the-Shoulder 

Right Mirror 

Left Mirror 
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Filtered Data Set

ÅTrigger thresholds produced a total of 4,452 

safety-critical events

ï21 crashes

ï197 near-crashes

ï3,019 crash-relevant conflicts

ï1,215 unintentional lane deviations

Å19,888 baseline epochs (normal driving)

19
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Video Review

Á All safety-critical events and baseline epochs were reviewed

ÁDetermination made as to what driver was doing just prior to 

event onset (e.g., when lead vehicle began to brake)

Á Some events and baseline epochs involved drivers engaged in 

secondary and/or tertiary tasks

ÅTertiary tasks broken down into complex, moderate, and simple (Klauer, 2006)

Á Safety-critical events and baseline epochs that had an associated 

secondary or tertiary task were analyzed in detail

20
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Data Analysis Methods

ÁOdds Ratio ðthe possibility of some outcome (e.g., 

a crash) occurring when comparing the presence of 

a condition (e.g., CB use) to itõs absence

ÁPopulation Attributable Risk ðthe incidence of a 

disease (i.e., a crash) in the population that would 

be eliminated if exposure were eliminated

ÅThat is, if the PAR for eating while driving were 5%, then 

there would be 5% fewer crashes if eating while driving 

never occurred

21
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Odds Ratio Calculations

Á Odds Ratio ðway of comparing the odds of some outcome (e.g., a 

crash) occurring given the presence of some predictor factor, 

condition, or classification

ÅComparison of the presence of a condition (e.g., CB use) to itõs 

absence

Odds Ratio = (n11)(n22)/(n21)(n12)

Á 95% lower and upper confidence limits calculated

Á Odds ratios greater than ô1.0õ indicate an increased risk of 

safety-critical event involvement

Driver Inattention No Driver 

Inattention

Incidence Occurrence n11 n12 n1.

No Incidence Occurrence n21 n22 n2.

n.1 n.2 n..
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PAR Calculations

ÁPopulation Attributable Risk ðthe òrisk of disease in 

the total population minus the risk in the unexposed 

groupó (Sahai and Khurshid, 1996)

ÅWhere: Pe = population exposure estimate (e.g., number of 

baseline epochs with complex tertiary task/total number of 

baseline epochs) and OR = odds ratio estimate for a safety -

critical event

ÁCalculated on all odds ratios greater than ô1.0õ
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Research Questions

ÁResearch Question 1: What types of distraction tasks (or 

behaviors) do CMV drivers engage in? And, are these tasks 

risky leading to involvement of safety-critical events?

ÁResearch Question 2:Do environmental driving conditions 

impact the engagement of tasks?

ÁResearch Question 3: What is the impact of distraction 

tasks on drawing the driverõs eyes away from the forward 

roadway?

24
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SUMMARY RESULTS
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Overview Finding: Is Distraction an 

Issue?

Å81.5% of the safety-critical events had some type of 

driver distraction

Event Type
All Safety -Critical 

Events

All Vehicle 1 At -Fault 

Events

All safety-criticalevents 81.5% 83.4%

Crashes 100.0% 100.0%

Near-crashes 79.1% 81.1%

Crash-relevant conflicts 78.7% 83.0%

Unintentional lane deviations 87.7% 87.7%
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RQ#1- Key Distracting Tasks 

(Complex) 

27

Task
Odds 

Ratio
LCL UCL

Frequency of 

Safety-Critical

Events

Frequency of 

Baselines

Text message on cell phone 23.24 9.69 55.73 31 6

Other - Complex
(e.g., cleaning side mirror, rummaging through a grocery

bag)

10.07 3.10 32.71 9 4

Interact with/look at dispatching device 9.93 7.49 13.16 155 72

Write on pad, notebook, etc. 8.98 4.73 17.08 28 14

Use calculator 8.21 3.03 22.21 11 6

Look at map 7.02 4.62 10.69 56 36

Dial cell phone 5.93 4.57 7.69 132 102

Reach for object in vehicle 3.09 2.75 3.48 503 787

Talk or listen to hand-held phone 1.04 0.89 1.22 195 837

Talk or listen to CB microphone 0.55 0.41 0.75 50 399

Talk or listen to hands-free phone 0.44 0.35 0.55 91 901
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RQ#1- Population Attributable Risk

28

Task

Population 

Attributable Risk 

Percentage

LCL UCL

All Complex Tertiary Tasks 13.73 13.52 13.95

Interact with/look at dispatching device 3.13 2.84 3.42

Dial cell phone 2.46 2.02 2.91

Read book, newspaper, paperwork, etc. 1.65 0.96 2.34

Look at map 1.08 0.48 1.68

Text message on cell phone 0.67 0.29 1.04

Write on pad, notebook, etc. 0.56 -0.16 1.28

Use calculator 0.22 -1.00 1.43

Other ðComplex
(e.g., cleaning side mirror, rummaging through a grocerybag)

0.18 -0.99 1.35
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RQ#3- Eye Glance Analysis 

Methods

ÁEye glance analysis was conducted to measure inattention

ÅSafety-critical events: five seconds prior to and one second after 

event onset

ÅBaseline epochs: six seconds

29
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Overview Finding: Short and Long 

Glances

ÁShort glances may be due to inappropriate/limited 

environmental scanning

ÁLong glances due to not looking forward

30

Total Eyes Off Forward Roadway
Odds 

Ratio
LCL UCL

Less than or equal to 0.5 s 1.36 1.16 1.58

Greater than 0.5 s but less than or equal to 1.0 s 0.91 0.80 1.03

Greater than 1.0 s but less than or equal to 1.5 s 1.07 0.94 1.23

Greater than 1.5 s but less than or equal to 2.0 s 1.29 1.12 1.49

Greater than 2.0 s 2.93 2.65 3.23
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Text Messaging on Cell Phone

31
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Dialing Cell Phone
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Talk/Listen to CB Microphone
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Interact with Dispatching Device
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Write on Pad, Notebook, Etc.
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Look at Map
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Calculator
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Reach for Object
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100-Car Comparisons

ÁPercent of safety-critical events and baselines

ÅBoth Klauer et al. (2006) and the current study found that tertiary 

events had the highest percentage of occurrence in safety-critical 

events and baseline epochs

ÁTotal time eyes off forward roadway

ÅKlauer et al. (2006) reported that drivers were 2.19 times more likely 

to be involved in a crash/near-crash when total time eyes off forward 

roadwaywas greater than 2 seconds

ÅCurrent study found that drivers were 2.9 times more likely to be 

involved in a safety-critical event when total time eyes off forward 

roadway was greater than 2 seconds

ÁDifferences
ÅWork -related tasks (map, calculator, dispatching device)

Å Texting  (no texting in 100-Car Study)
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Conclusions

ÁGenerally consistent with research with light 

vehicles; current study found distraction 

plays a major role in heavy vehicle critical 

incidents

ÁThe 100-Car study found òdriver distractionó 

in 78% of crashes and 65% of all near crashes

ÁThe current study found òdriver distractionó 

in 81.5% of all critical incidents
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Vision is King

ÁSeveral tasks were associated with very high 

odds ratios and PAR estimates

ÁEye glance analyses provided the whycertain 

tasks were high risk

ÁFor example, texting had the highest OR 

(across all tasks) and also involved drivers 

looking away from forward for 4.7s, out of 6s 

(77% of time interval) 
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Recommendations (1)

1. Education to highlight the importance of 

eyes on forward roadway and scanning

2. Reading, writing, and maps

3. Policies to curb use of in-vehicle devices 

that draw attention away from forward 

roadway

4. No texting

5. No manual dialing of phones
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Recommendations (2)

6. Talking is okay

7. No use of dispatching device while driving

8. Re-design of dispatching devices

9. Instrument panel re-design

10. Further research on protective effects
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