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March 23, 2009 1!
The HonorableGaryOkino, Chair
Transportationand PlanningCommittee
City Council
City and Countyof Honolulu o =
Honolulu Hale
530 South King Street
Honolulu, Hawaii 96813

RE: Bill 4, CD. 1; Relatingto the Useof ElectronicDevicesWhile OperatingMotor
Vehicles

Dear CouncilmemberOkino:

In order to facilitate thediscussionon Bill 4, C.D,1,we would like to provideyour
committeeinformation and statisticson driver distractionas it relatesto handheld electronic
devices. This information is takenfrom two National Highway Traffic SafetyAdministration
publicationswhich areboth enclosedwith this letter. The first is an April 2006 report
entitled, “The Impact of Driver Inattentionon Near-Crash/CrashRisk.” The secondreport is
an April 2008 report entitled, “Driver Distraction: A Reviewof the Current State-of-
Knowledge,”

The April 2008 report definesdriver distractioncomponentsinto cognitivedistractions
and visual/manualdistractions. Cognitivedistractionrefersto thementalworkload associated
with a task while visual/manualdistractionsare thoseactivities that requirea driver to look
away from the road and/oroperatean object not necessaryfor primarytask of driving. This
distinction is importantsincetwo behaviorsmay havesimilar levels of cognitivedistractions
but different levelsof visual/manualdistraction. Thus talking on a hand-heldphonemayhave
the samelevel of cognitivedistractionas talking on a hands-freephonebut the former will
have a higher level of visual/manualdistractiondue to theneedof the operatorto look away
from the road and manuallydial a phonenumber.

As Bill 4, CD 1 permits useof handsfree electronicdevices,it appearsaimedat
regulatingelectronicdeviceswhich causevisual/manualdistractions. Of interestin the April
2006report is thefinding that whendrivers took their eyesoff the road for durationsgreater
than two seconds,the near-crash/crashrisk wasdoublethat of normal,baselinedriving.
Furthermore,the April 2008 reportfound that complextasks(definedasrequiringmore than
two button pressesor eye-glancesaway from the road and includedputting on makeup,
reachingfor a movingobjector hand-helddevice,anddialing a hand-helddevice)increase
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the risk of involvement in a crashby three times. Moderate tasks (defined as requiringat
most two button pressesor eye-glances,including talking or listening to a hand-helddevice,
inserting a CD or cassette,or eating) increasedthe risk of a crashtwo-fold.

Not surprisingly, the April 2006 also included findingsthattalking/listeningto a hand-
held devicewasnot as risky as dialing a hand-held device. However, despite the higher risk
ofa crashduring dialin& the percentageof crashescausedby dialing andtalking/listeningto a
hand-held devicewerenearly identicaldue to the fact thatdialing wasmoredangerousbut
performedlessfrequentlyandtalking/listeningwere lessdangerousbut performedmore
frequently.

We hopethe aboveinformation andthe additional data in the enclosedreports will
assistthe committeein evaluating the issuesrelating to Bill 4, CD 1. Pleasefeel free to
contact me at 768-7486if you shouldhave questions.

VeryTruly Yours,

sLori S. Nishimura
DeputyProsecutingAttorney
City andCounty ofHonolulu

Enclosures

Cc: Mr. Kirk Caldwell
Maj. Thomas Nitta
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Distinct from other formsof driver inattennon.distractionoccurswhena driver’s attentionis divertedaway from driving by
a secondarytaskthat requirestbeusingon art object,event, orpersonnot relatedto thedriving task.Although existingdatais
inadequateandnot representativeofthe driving population, it is estimatedthatdriversengageto potentiallydistractingsecondaiy
tasksapproximately30 percentof thetime their vehiclesareto motion. Conversationwith passengersis the mostfrequent
secondarytaskfollowed by eating,smoking,manipulatingcontrols,reachinginside thevehicle,andcell phoneuse.Driver
attention stattisis tinknown for a lamepercentageofcrash-involveddrivers in theCrashworthinessDataSystem(CDS). However
forthe periodbetween1995 and2003 it is estimatedthat 10.5 percentofcrash-involveddriversweredistractedatthetime of their
crashinvolvement. .Approximately70 percentof distracteddrivers’ crasheswereeithernon-collision(single-vehicle)orrear-
endcollisions-A significantproportionof theexistingliterature is devotedto assessingtheimpactof cell phoneuseon driving
performanceandsafety. Although cell phoneuserepresentsa relatively smallpartofthe overall distractionproblem,useamong
drivers is steadilygrowing with approximately10 percentof driversusingsometypeofcell phoneat anypoint in time.Althotigh
not representativeof the U.S. experience,theavailableevidencesuggeststhat cell phoneuseincreasesdrivers’ crashrisk by a
factorof 4. Experimentalstudiesconsistentlyrevealdriving perthrmancedegradation(primarily slonvedresponsetime)associated
with cell phoneuse:howeverphonetaskstised in thesestudiesaregenerallyunrealisticandoften more complexthaneveiydav
phoneconversations.Insufficient dataexist to assessthedistractioneftèctsof tn-vehicleinformationsystems(IVIS). however
experimentalresultssuggestthat voice-basedinterfacesare lessdistractingthanthoserequiringmanualentn(e.g., viakeyboard).
Standardbehavioralcountermeasures,including laws,enforcement,andsanctions,areconsideredunlikely to beeffectivebecause
distractionis a broadsocietalproblemassociatedwith lifestyle pattemsandchoices.Optionsfor environmental(roadway)
strategiesare limited. Considerableactivity hasbeendevotedto the developmentof guidelinesfor IVIS interffice design,restilting
in someimprovements.Promising futuredevelopmentsinclude large-scalenattiralisticdatacollectionsto provideobjectiveand
representativedataoil distractionincidenceandcrashrisk, andadvanceddriver assistancetechnologiesthatmonitor drivers’ visual
behaviorattd managetheflow of intbnnationto thedriver. Recommendationsfor future researcharepresented.
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1.0INTRODUCTION

The increasinguseof cellularphoneshasservedas a catalystfor growing interestin

driver distractionin recentyears.While the useof cellularphonesposesa significantand
increasingrisk to roadwaysafety(N4cCartt,Hellinga,& Braitman.2006),studiesshowthat
it representsa relatively smallproportionof a bigger distractionproblem.At oneextreme,
distractioncanbecausedby everydayactivities suchas eating.smoking.andselecting
radio stations.At the otherextreme,distractionalsoresultsfrom drivers’ interactions
with advancedin-vehicleinfotmationsystems(IVIS). which delivertraffic information
andotherformsof driver support.Accurateandtimely traffic inforniationcandecrease
travel timesandcostsas well as distractionif the driverdoesnot haveto divert attention
to obtainthe information. However,thereexiststhe significantpotentialfor distraction
associatedwith theseinformationsystems.The responsibilityfor managingdistractionis
complicatedby the fact thatthecapabilitiesof suchsystemsappearindependentof whether
the systemsexistas original equipment,add-on,or arebroughtinto the vehiclesby drivers.
Indeed.Stuttset al. (2001)concludedthat as the proliferationof wirelesscommunication,
entertainmentanddriver assistancesystemscontinues,it is likely thatthe rateof distraction-
relatedcrasheswill escalate.

The objectiveof thisreport is to consolidatecurrentknowledgeon driverdistraction
to helpstateand local governmentsformulateeffectivepolicies,regulationsandlaws,
In addition.this reportidentifiesareasin which scientific evidenceis weakor lacking,
thus providing informationnecessaryto focusthe Federalresearcheffort in the most
productivedirections.The documentbeginsby discussingthe definition of distraction
andthe approachesandchallengesinvolved in measuringdistraction.Next, we consider
the specific behaviorsthat comprisedistractionandsummarizewhat is knownabout
their incidenceand influenceon crashinvolvement.This is followed by a discussionof
the effectsof cell phoneson driving behaviorandcrashrisk. We thenconsiderin-vehicle
technologicaladvancements,suchas navigationsystems.andtheirpotentialfor distraction.
Next.we discussthe effectivenessof countermeasuresthat havebeendeveloped,including
laws restrictingcell phoneuse.Finally, we identify researchneededto betterunderstand
and addressthe problemof driver distraction.



2.0 METHODOLOGICAL CONSIDERATIONS

Numerousresearchstudieshaveaddresseddriver distraction.Most of thesestudiesaddress
issuesrelatingto the distractioneffectsof cellularphones.The relevantliteraturehas
grown to the point that severalcomprehensivereviewshaverecentlybeenpublished.One
study(McCarttet al.. 2006)reviewed 125 studiesrelatingto cell phonesanddriving. For
this report,we thereforeusethesesecondarysourceswherepossible,supplementedwith
primary sourceswherenecessaryforcompleteness.

2.1 Definitionsof Distraction

Consolidatingthe existingknowledgeaboutdriver distractionruns into difficulty from the
outsetwith the realizationthat thereis no generallyaccepteddefinition of driverdistraction
(Treziseet aI., 2006).The InternationalStandardsOrganizationdevelopedthe following
rudimentarydefinition: Distractionis “attentiongivento a non-driving-relatedactivity,
typically to the detrimentof driving performance”(Pettitt,Burnett.& Stevens,2005). Stutts
andcolleaguesdistinguisheddistractionfrom otherformsof driver inattention(Stuus,
Reinfurt,Staplin.& Rodgman.2001).They defineddistractionas a form of inattention in
whicha driver “is delayedin the recognitionof informationneededto safelyaccomplish
the driving taskbecausesomeevent,activity object.or personwithin or outsidethe vehicle
compelsor inducesthe driver’s shifling attentionaway from the driving task.”

Attemptsto createa morecomprehensivedefinition havefocusedon severalissues.The
first issueis whetherdriver distractionrequiresan identifiablesource,including either
an observableevent(e.g.,unexpectedmovementof an animal inside the vehicle) or an
activity in which the driver choosesto engage(e.g., insertinga CD or eating).Thereis
generalagreementthatthe existenceof a triggeringactivity is acritical part of thedefinition
(Treziseet aI., 2006; Pettitt et al.. 2005);however,thereis alsoa growingrealizationthat
‘tognitive distraction” is a significantcomponentof driver distraction(Young, Regan,&
Hammer,2003).Cognitive distractionrefersto the mentalworkloadassociatedwith a task
andis generallynot observable.Moreover,oneagency—, The New ZealandMinistry of
Transport— included“emotionallyupset/preoccupied.”amongthe categoriesof driver
distraction.

A secondissueconcernsthe questionof how muchcontrol the driver hasoverthe triggering
activity. Oneanalysisproposedthreecategories:(I) purposeful (e.g.. insertinga CD); (2)
incidental (e.g.,answeringa phoneor eating):and(3) uncontrolled(e.g..movementof
animalor child inside the vehicle) (Treziseet al.. 2006).The distinctionbetweenthe first
two categoriesseemsweak:howeverthe importanceof this dimensionis underscoredby
onereportingauthority’sinclusionof sneezing/coughing/itchingas a categoryof distraction,
While it is generallyagreedthatactivitiesin all threecategoriesrelate appropriatelyto
driver distraction,inclusionof the latter groupof involuntaryresponsesseemsbeyondthe
focusof contemporaryconcernaboutdriver distraction.
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A third issue is whetherdistractionsshouldinclude eventsor activitiesexternalto the
vehicleas well as thoseinside the vehicle. Sudden,unexpectedmovements,for example
by wild animalsoutsidethe vehicle, maybe examplesofexternaldistractions.l-Iowever.
the inclusionof relatively commondriving situations(e.g.. driverblinded by sun or by
oncomingheadlights,sirensof policeemergencyvehicles)in onestudyseemsinconsistent
with the notionof distractionas involving unusualor unexpectedevents.In contrast,a
potentially importantsourceof distractioninvolvesadvertisingsignage.which is becoming
bothmoreprevalentand moredynamicandthuspotentiallymoreeffectiveat capturing
drivers’ attentionin certainareas(Wallace.2003).Typically, categorizationsallow external
sources(e.g..“Outsidepersonobjector event”) andit is generallyfound that thesesources
are associatedwith approximately20 to 30 percentofthe crashescausedby distraction.
(Treziseet aI., 2006)

Basedon considerationof theseissues,theAustralianRoad Safety Board(2006) presented
the following comprehensivedefinition:

Driver distractionis the voluntaryor involuntary diversionof attentionfrom the
primarydriving tasksnot relatedto impairment(from alcohol,drugs, fatigue,or a
medicalcondition)wherethe diversionoccursbecausethe driver is performingan
additionaltask (or tasks)andtemporarilyfocusingon an object,event,or person
not relatedto the primarydriving tasks.The diversionreducesadriver’s situational
awareness,decisionmaking.and/orperformanceresulting,in someinstances,in a
collision or near-missor correctiveactionby the driver and/orotherroaduser.

Restrictingdistractionto situationsin which a secondarytask,event,or objectcanbe
identified createsa cleanboundarybetweenthis andotherformsof inattention.This
criterion thusservesto maximizethe objectivity of reporting,which is essentialgiven that
the datasourcesare primarily administrativedocuments(e.g.,policecrashreports)rather
thanresearch-qualitydata.The main weaknessof this definition is that it allowscognitive
distractiononly as part of the driver’s performanceof an identifiablesecondarytaskandnot
alone(asin beinglost in thotight or emotionallyupset).However, as detailedin the next
section,datacollectioncapabilitiesareexpandingto the point thatvideo dataof drivers’
pre-crashbehaviorsmaysoonbe available.Thesedataare expectedto provideinsights into
the visual behaviorsassociatedwith episodesof cognitivedistraction,which mayfacilitate
abroadeningof the definition of distractionto includesomebehaviorsnot associatedwith
an identifiablesecondarytask.

2.2 Measurementof Driver Distraction

Distractioncontributesto motorvehicle crasheswhena drive(sattentionis divertedaway
from the driving taskat a time whenthe driver is requiredto identi~’andrespondto an
unexpectedhazardor a changingdriving situation(e.g., leadvehiclebraking). Distraction
mayalso be associated\vith lapsesof vehiclecontrol, resultingin unintendedspeedchanges
or allowingthe vehicleto drift outsidethe laneboundaries.Becauseof the significant
difficulties inherent in measuringdriver attention,the magnitudeandparticularlythe
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safety implicationsof driverdistractionhavebeenvery difficult to determine.Indeed,as
pointedout by Stunset al. (2005a).unlike seatbeltuse.the driver’s attentionstatuscannot
be categorizedas “yes” or “no.” andit cannotbe quantifiedin the samemanneras blood
alcohol level.

The effectsof distractionhavebeenmeasuredin severaltypesof studies,including:

• Observationalstudies;
• Crash-basedstudies;and
• Experimentalstudiesof driving perfbrmance.

Observationalstudiesprovidedirect informationaboutthe typesandincidenceof secondary
tasksthat driversattemptwhile driving. Two typesof observationalstudieshavebeen
conducted,including fixed-siteobservationsandnatitralistic in-vehicleobservations.In
the former,astationaryobsen~errecordsthe activitiesanddemographiccharacteristicsof
drivers as theypassaselectedlocation.The information obtainedis limited by the time
availableandthe fidelity of the discriminationsthat can be madeby observersas vehicles
movepasta fixed location. In naturalisticstudies,volunteerparticipantsdrive vehicles
instrumentedwith sensorsandvideo cameras,which allowsdriving behaviorto be recorded
at all times. Instrumentationis generallyunobtrusiveanddoesnot damagethe driver’s
vehiclewhenremoved.Advancesin datastorageand remotecommunicationtechnologies
allow researchersto accessvehicles infrequentlyand oftenremotely.A completevideo
recordprovidesvalid dataconcerningthe incidenceof potentiallydistractingactivitiesin
whichthe sampleddriversengage.Thesestudiesare limited by the possibility thatdrivers
will not behavenaturally if theyknow their vehiclesareinstrumented,as well as the
relatively smallsamplesof driverswho can be includeddueto the expenseassociatedwith
instrumentingeachvehicle.Another limitation is that the vastmajority of everydaydriving
behavioris uneventfulandthusthe costof continuouslyrecordingand examiningall driver
activity relativeto the numberof resultingcrashesis high. given the low probability thata
given driverwill be involved in a crash in a givenyear. Theresult is thatvety largenumbers
of driversare neededto obtaina usefulnumberof crashes.

Crash-basedstudiesprovidethe mostdirect informationaboutthe safety implications
of performingsecondarytasks.Unfortunately,it is vety difficult to accuratelydetermine
whetherdriver distractionor anyother form of inattentionwas a contributingfactor in a
crash.Investigatingofficers typically do not report the occurrenceof a distractingactivity
unlessthereis direct evidenceand driversareunderstandablyreluctantto admit that they
wereengagedin a secondarytask,particularly if that involvementmayhavecontributed
to thecrash.Therefore,it is generallythought thatthe incidenceof distractionamong
crash-involveddrivers is underestimatedin crashstudies(Treziseet al., 2006; Stuttset
a!.. 200!: McCarttet al.. 2006).Crashstudiesarealso limited by theabsenceof matched
exposuredata, whicharenecessaryto determinethe relativecrashrisksassociatedwith
distractingsecondarytasks.In the absenceof exposuredata.crashdataanalysesare
limited to reportingthe incidenceof distractingactivities amongcrash-involveddrivers.
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Thus.when crashandexposuredataareusedtogether.it is possibleto determinewhich
secondaryactivitiesaremorelikely to resultin crashes.However, crashdataaloneprovide
no informationaboutcrashcausation.Naturalisticobservationa!studiesoffer the promiseof
providingboth detailedcrashand matchedexposuredata.

Experimentalstudiesare conductedin controlledsettings,including driving simulator
laboratoriesandclosed testtracks.The researchmethodologiesarederivedfrom
laboratorystudiesof attention,which havedemonstratedthat certaincombinationsof tasks
cannotbe performedtogetherwithout interference.This finding appliesdirectly to driving.
For example.secondarytasksthat requiredrivers to look awayfrom the roadway(e.g.,
to view a navigationmap display)arelikely to interferewith drivers’ abilities to visually
monitor the roadwayahead.Moreover,theeffort devotedto interpretingthe mapdisplay is
likely to interferewith drivers’ ability to interpretanemerginghazardoussituationahead.
Becausealmostall secondarytasksinvolve someperceptual-cognitivecomponents,it is
likely that sonicinterferencewith driving will be observed(Wickens.1999).

Experimentalstudiesmeasurethe potentialfor distraction,which is a relativeassessment
of the level of primaty-task(driving) degradationassociatedwith a given secondary
task. Participantsare typically instructedconcerningwhenandhow often to engagein
secondarytaskswhile driving. Experimentalstudiesdo not incorporatemotivationalfactors
that influencedrivers’ willingnessto engagein secondarytasks in real-world driving.
Experimentalstudiesthusdo not providedirect informationaboutthe real-worldrisk of a
given secondarytask,only the level of primary (driving) taskdegradationwhenperformed
in agiven setting.The real-worldrisk associatedwith a secondarytaskrelatesto the priority
given by the driver to this taskandthe driving situationsin whichthe driver is willing to
engagein the task.

Drivers willingnessto engagein secondai-ytasksis relatedto the benefitstheyassociate
with the secondarytasks.Secondarytasksmay beperceivedasbeneficialbecausethey
provideentertainment,counteractthe effectsof boredomor fatigue,or becausetheyallow
the driver to accomplish“work.” suchas making businesscalls or schedulingappointments
while driving. It is alsolikely that over timedriversbecomesoaccustomedto driving while
performingsecondarytasks(e.g., listeningto the radio)that the combinationof primary and
secondarytaskbecomesthe rule ratherthanthe exception.

Difficulties characterizingfactorsthat contributeto drivers’ willingnessto engagein
secondarytaskshaveraisedquestionsaboutthe ability to generalizeexperimentalresultsto
real-worlddriving. For example.two secondarytasksmay be equivalentin their potential
for distractionwhentestedusingan experimentalprotocol in which taskpriorities are
set andthe driving taskdemandsarefixed. However, if onetask is perceivedto be more
essentialto real-world users,this taskwill likely be performedmoreoftenwhile driving and
in more-dangerousdriving situations.The real-world resultwould be that the moreessential
taskposesa significantly greaterrisk, eventhoughthe laboratoryexperimentsfoundthem
to haveequalpotentialfor distraction.



A relatedobstacleto the measurementof distractionis thatthe level of distraction
associatedwith a givensecondarytaskdependson the extentto which a driver is engaged
in the task. Considerthe diftèrencebetweena casualphoneconversationanda complex
conversationof significantimportanceto the driver. The latter will typically demandmore
concentrationresulting in a higherlevel of engagementthanthe former.Factorssuchas
engagementandconcentration,while not observable,contributeto the level of cognitive
distractionassociatedwith a secondarytask.Similarly. individual differencesin drivers’
abilitiesto switchbetweenprimaryand secondarytasks,andotherfactorsincluding
intelligence,will determinehow difficult a giventask is for agivendrivei. Thus,a task
maybe relativelyeasyand lessdistractingfor oneindividual thanfor another.Thesefactors
contributeto the difficulty of measuringdistractionandare typically not addressedin
experimentalstudies.

The measurementof distractionwas the focusof severallarge scaleresearchprojects
conductedby consortiaof researchers,governmentagencies,andautomotive
manufacturers.The consortiaincludethe recentlycompletedEuropeanproject HASTE
(HumanmachineinterfaceAnd the Safetyof Traffic in Europe)(Carsten& Brookhuis,
2005a),the Dt-iver WorkloadMetrics (DWM) Consortiumof the Collision Avoidance
MetricsPartnership(CAMP) (Angell etal.. 2006) andthe GermanAdvancedDriver
Attention Metrics (ADAM) program(Mattes.2003).The projectsadoptedslightly
differentapproachesand cameto slightly differentconclusionsabouthow bestto measure
driverdistraction.

The HASTE programwasundertakenby eightEuropeanpartnersandCanada.The goal
was to developmethodologiesandguidelinesfor theassessmentof In-Vehicle Information
Systems(IVIS). NumerousexperimentswereconductedacrossEuropeandCanada
usinga varietyof testvenues.HASTE researchersfounddifferencesbetweenthe testing
venues.Specifically, theyfoundthat driving was degradedmoreon real roadsthanin
simulatorswhendrivers performedthe samesecondarytasks.They speculatedthat the
relatively limited fidelity of existingsimulatorsmayhavebeenthe main reasonfor this
discrepancy.However,emphasizingthe efficiencyandreproducibilityofthe assessment
environmentthatcan beobtainedin driving simulatorsoverthe realismof real-road
driving, theyconcludedthat an assessmentregimethat usesa reasonablyadvanceddriving
simulator, incorporatingscenariosthat requirerural roaddriving, can provide meaningful
andpotentially reliableresults(Carstenetal.. 2005a;Carstenet al.. 2005b).They also
concludedthat betweenfour and six behavioralparameterswould be sufficientto evaluate
anysystemofferedfor assessment.

Onemajor finding of thiswork was that the effectsof cognitivedistractiondiffer
considerablyfrom thoseof visual distractionon driving performance.Secondarytasksthat
were mostlyvisual led to decrementsin steeringandlateral vehiclecontrol. In contrast,
secondarytasksthatweremostlycognitiveled to decrementsin longitudinal vehicle
control,particularlycar-following(Carstenet al., 2005a).Oneapparentlyanomalous
finding was thatwhensecondarytaskcognitivedemandsincreased,drivers’ lateral
control was found to improve.Analysisof drivers’ eyeglancepatternsrevealedthat when
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cognitivedemandsincreased,drivers increasedtheir concentrationon theroadcenterand
decreasedlooking atthe periphen~Although the underlyingbehavioralmechanismis not
well understood,it is thoughtthatthe increasingdemandsof the secondarytaskcause
drivers to simpli~’their driving by focusingon what is immediatelyin fi’ont of them. The
“improvement” in lateral control is thusanunintendedconsequenceof this simplification
as lateralvehiclecontrol becomesguidedby centralratherthanby peripheralvision. The
costto driversis thattheyno longer havethe ability to monitortheir peripheryandthuswill
not detecthazardsuntil theyare immediately in front of the vehicle.Theseresultsreveal
the importanceof analyzingdrivers’ eyeglancepatternsfor understandingthe attentional
mechanismsinvolved in distraction.

The Driver WorkloadMetrics Projectwasconductedby the CAMP consortium,which
includedresearchersfrom Ford, GM, Nissan.andToyota.Themain objectivewasto
developperformancemetricsandtest proceduresthat could be usedto assesshow the
distractionassociatedwith an in-vehicle systemmight degradeor interferewith driving
performance.They alsosoughtto developa toolkit of evaluationmethodsthat would allow
developersto minimize the workload implicationsof future in-vehiclesystemsduring the
designprocess.Theyconductedexperimentsin threetestvenues,including laboratory,test
track,and on-roaddriving. Their focuswason the selectionof driving performancemetrics
obtainedin anexperimentalcontextthat can be usedto predictthe safetyimplicationsof
distractionin i-cal driving.

Fourcategoriesof driving performancemetricswereidentified ashavingdirect
implicationsfor safety. Theseincludeddrivereye-glancepatterns,lateralvehiclecontrol.
longitudinalvehiclecontrol,andobject-and-eventdetection.The researchersalso
identified anumberof potentialsurrogates,which includedlaboratorymeasures,ratings,
andanalyticalmethodsthoughtto have.predictivevalueswith respectto the above-
mentionedperformancemeasures.They performeda seriesof analysesto determinewhich
of their performancemetricsdiscriminateddriving with a secondarytaskfrom driving
alone.They alsodeterminedwhich metricsdiscriminatedhigh- front low-workload
secondarytasks.The majority of metricsthat passedoneor bothof thesetestswereeye-
glancemeasures.In addition,theyfound thatmeasuresgenerallydiscriminatedhigh- from
low-workload tasksmuch betterfor visual-manualthan for auditory-vocalsecondarytasks.
Visual-manualtasksaffecteddriving performancemorethanauditory-vocaltasks.

The main conclusionof the CAMP projectwas that the interferenceto driving causedby
in-vehiclesecondarytasks was multidimensionaland no singlemetric could measureall
effects. In agreementwith the HASTE results,CAMP researchersfoundthatvisual-manual
secondarytasksexhibiteddifferentperformanceprofiles thanauditory-vocaltasks.They
concludedthat eye-glancedatacontainsimportantinformationfor assessingthe distraction
effectsof both auditory-vocalandvisual-manualtasks.Basedon the secondarytasks
theyused,theyconcludedthat cognitivedistractionplaysa muchsmallerrole thanvisual
distraction.Finally, becausethey found somedegradationin the laboratorythat was not
found in the driving behavior,theyconcludedthat the laboratotyresultsalonewerenot
sufficient to assessthe distractionpotentialassociatedwith secondarytasks.
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The ADAM projecthasfocusedon the developmentof a lanechangetask(LCT). This task
requiresdriversto respondto a sequenceof lane-changeassignmentswhile performing
secondarytasks(Mattes,2003).The summarymeasurederivedfrom the LCT hasbeen
shownto he sensitiveto differenttypes of secondarytasksand is beingpromotedas a
standardizedmeasureof distractionpotential.

Theseprojectswereambitiousattemptsto selectdriving performancemetricswith some
knownrelationshipto on-roadsafety.However,as theyprogressedit becameclearthat it is
virtually impossibleto useexperimentalresultsto predictreal-worldrisksassociatedwith
differentsecondarytasks.Thus.while the metricsidentified in thesestudiesmaybe very
helpful for assessingthe relativepotentialfor distractionassociatedwith in-vehiclesystems
duringtheir development,the ultimate safetyeffectsof new in-vehicle technologiescannot
be knownuntil the technologiesareused in real-worlddriving, anddatapertainingto
drivers’ willingnessto engagein the secondarytasksareobtained.
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3M INCIDENCE AND SAFETY CONSEQUENCESOF DISTRACTION

With thesemethodologicalconsiderationsas background,we now considerwhat is know-n
aboutthe incidenceof potentiallydistractingsecondarytasksandtheir effectson safety.
First.we summarizethe resultsof observationalstudiesthatdocumentthe incidence
of varioussecondarytasks.Next, we considerwhat is knownaboutthe involvement
of distractionin crashes.We thendiscussthe strengthsandweaknessesof naturalistic
observationalstudiesfor providingdetailedinformationaboutdistracteddriving and its
consequences.

3.1 What Activities CompriseDistraction?

In 2001,the Highway Safety ResearchCenteratthe University of 1’ orth Carolina
conducteda “naturalistic”observationalstudyto determinethe typesof activitiesdriver~
attemptwhile driving andtheirpotentialconsequences(Stuttset al.. 2005a).Seventy
driversdrove their own vehiclesfor aweekduringwhichapproximately10 hourswere
video-recordedand analyzedto identify the incidenceof variousdistractingsecondary
tasks.They found that driversspentapproximately15.3 percentof the time the vehicles
were movingengagedin conversationwith passengers.Driversengagedin someother
activity 14.5 percentof thetotal driving time. Percentagesof timesfor specificactivities
included:preparingto eat,eatingor spilling (4.6%); reachingfor somethingor leaning,plus
other internaldistractions(3.8%); cell phoneuse(including dialing, answering,andtalking)
(1.3%); manipulatingaudiocontrols(1.4%); andsmoking(1.6%).

Sayer,Devonshire,and Flannagan(2005)observedsamplesof 5-secondvideo clips
obtainedfrom 36 driversduring routinedriving.Theiranalysiswas basedon approximately
l20 hoursof driving. They found that 34 percentof the 5-secondepisodesinvolveda
secondarytask. Mostcommonwasconversationwith anotherpassenger,which occurredin
IS percentof the samples,followed by grooming(6.5%),useof a hand-heldcellularphone
(5.3%).andeatingordrinking (I .9%). They found that the occurrenceof secondary-task
engagementdecreasedwith driver age. Samplestakenfrom youngerdrivers(meanage
25) weremorethantwice as likely to involve secondaryactivitiesas werethoseof older
drivers(meanage 64). For this study,driversusedborrowedvehicles,which wereequipped
with lane-departurewarningsystemsas well as dataacquisitioninstrumentation.Thus,the
behaviorobservedwasnot fully natural.

Thesetwo studiesarefairly consistentin their finding that driversspendapproximately
IS percentof theirtotal driving time engagedin conversationwith passengersandan
approximatelyequalamountof time engagedin other identifiableactivities.
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3.2 Incidenceof DistractionAmongCrash-InvolvedDrivers

Using 1995-1999CrashworthinessData System(CDS)data.which only includecrashes
seriousenoughthat onevehicle wastowedfrom the scene.Stuttset al. (200I) reported
that 8.3 percentof the crash-involvedvehicleshaddistracteddrivers. Driver attention
statuswasnot recordedfor 36 percentof the drivers. If the distributionof driverattention
statusamongthe unknownswas similar to that for theknowncases,thenthe incidence
of distractionamongdriversinvolved in crasheswould increasefrom 8.3 percentto 12.9
percent.However,the evidencein supportof thisassumptionis equivocal(Stunsetal..
2001).Therefore,if oneadoptsa moreconservativeassumptionthat the incidenceof
distractionamongdrivers with unknownattentionstatusis half the incidenceof distraction
amongdriverswith knownattentionstatus,thenthe overall incidenceof distractionamong
crash-involveddriversis approximately10.6 percent.Stutts et al. (2005b)performed
similar analysesusingthe 2000-2003CDS data.They foundthat6.6 percentof crash-
involved driversweredistracted;ho\vever,the attentionstatuswas unknownfor 46 percent
of the drivers. If one appliesthe sameconservativeassumptionconcerningthe incidence
of distractionamongthe unknowns,the overall percentageof distractedcrash-involved
driversbecomesapproximately10.4 percent.Thus,while therearevariationsbetween
years,it appearsthatover the period from 1995 to 2003,approximately10.5 percentof
driversinvolved in crashesseriousenoughto requireat leastonevehicleto betowedfrom
the sceneweredistractedat thetime of their crashinvolvement.Moreover,the fact that the
estimatedpercentagesfor the two datacollection intervalsarevirtually identical indicates
that therewas no discernibleincreasein thepercentageof distracted,crash-involveddrivers
over this period.

In the 1995-1999analysis,approximately70 percentof the reporteddistractionswereinside
the vehicle,with the remaining30 percentoccurringoutsidethevehicle. Passengersand
audiodeviceswerethe mostprevalentreporteddistractions.Among the specific sources
cited in the 2000-2003analysiswerean outsideobject/person/event(23.7%)andanother
vehicleoccupant(20.8%).Thesewere followed by using or reachingfor anobject(5.2%),
a movingobjectinsidethe vehicle(3.7%),cell phone(3.6%),adjustingradio/cassette/CD
(2.9%),eating/drinking(2.8%),adjustingclimatecontrol (1.5%),andsmoking(1%).

Contextualfactorswerefound to he importantin the earlier study.Specifically, Stuns
et al. (200!) reportedthat crashesassociatedwith adjustingaudiodevicesweremore
likely at night. movingobjectsinside the vehicleweremorelikely on non-levelgrades,
anddistractionsinvolving communicationwith otheroccupantsweremore likely at
intersections.The later study includedmoredetail on the circumstancesandconsequences
of collisions involving driver distraction(Stuttset al.. 2005b).Younger (under20)and
older (70+) crash-involveddriversweremorelikely than driversof otheragesto havebeen
distractedat the time of their crashes(12to 14% versus6 to 9%). Distracteddriverswere
50 percentmore likely to havebeenseriouslyinjured or killed in theircrashes,relative
to attentivedrivers. Distracteddriversweremorelikely thanattentivedriversto have
beeninvolved in non-collision(i.e.. single-vehicle)or rear-endcrashes.Approximately
70 percentof the distracteddrivercrashesinvolvedoneof thesetwo events,with the
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remainderbeingprimarily anglecollisions.Comparedto the crashesof attentivedrivers,
the crashesof distracteddriversweremore likely to occurduringeveningor nighttime
hoursand lesslikely to occuron high-speedroadways,multi-laneroadways,curves,and
intersections.The analysesalsorevealeddifferencesbetweencollisions involving distracted
driversandthoseinvolving driverswith otherforms of inattention.Specifically.82 percent
of the crashesinvolving inattentivedriversw’ho “looked but did not see”wereangle
collisions,with the vastmajority of theseinvolving turns.Almost 78 percentof the crashes
sustainedby drowsydriversweresingle-vehiclenoncollisioncrashes.Thesedifferences
underscorethe importanceof consideringdistractionasadistinctproblem,different from
othercategoriesof inattention.

Naturalisticobservationalstudiesareemergingas oneapproachto solvethe problemof
determiningexactly whatthe driverwasdoing immediatelyprior to a crash.Naturalistic
studiesalsoprovidethe potential for combiningexposuredatawith crashdatato allow
computationof oddsratiosor othermeasuresof the relativecrashrisk associatedwith
varioussecondarytasks.In the absenceof largenumbersof crashes,naturalisticstudies
havefocusedon the precursorsof ‘-near-crashes,”on theassumptionthatthe typesof
precipitatingerrors, including the incidenceof distraction,would be similar for near-crashes
andcrashes.However, thisassumptionhasnot beenadequatelyvalidated.

Onesuchstudymeritsconsideration(Klauer,Dingus,Neale.Sudweeks,& Ramsey,2006).
The 100-CarNaturalisticDriving Studywas performedby Virginia TechTransportation
Institute (VTTI) for NHTSA. Onehundreddriverswho commutedinto or aroundthe
northernVirginia/Washington,DC, metropolitanareawererecruited.They usedeither
their own vehiclesor leasedvehicles.The samplewas restrictedto six passengervehicle
types,due to instrumentationfeasibility issues.The driver samplewasselectedto include
disproportionatenumbersofyounger(18 to 25 yearsold) driversanddriverswith high
annualmileage.This wasintendedto maximizethe potentialfor recordingcrashesand
near-crashevents.Datawererecordedovera 12- to 13-monthperiod. In all, therewere
2 million vehicle milesandapproximately43,000hoursof datafrom 241 drivers.

Datawereobtainedfrom 69 crashes,761 near-crashes,andapproximately20,000baseline
segments,selectedrandomlyto representnormal uneventfuldriving. Distractiondueto a
secondaiytaskwas reportedin 33 percentof the crashesand27 percentof the nearcrashes.
Usingthe crashandnear-crashdatatogetherwith the baselinedata,the authorscomputed
oddsratios,which representthe relativerisk associatedwith a given secondarytask. They
definedthreecategoriesof secondarytasks,basedon the numberof buttonpressesand/or
glancesawayfrom theforwardroad.Complextasksrequiredmorethantwo buttonpresses
or eye-glancesawayfrom the roadandincludedapplyingmakeup,reachingfor amoving
objector hand-helddevice,anddialing a hand-helddevice.Moderatesecondatytasks,
definedas requiringat most two button pressesor eye-glances,includedtalking or listening
to a hand-helddevice, insertingaCD or cassette.or eating,amongothers.Simple tasks
requiredat mostonehuttonpressor eyeglanceand includedadjustingthe radio,drinking,
or smoking.The oddsratiossupporttheconclusionthat secondary-taskcomplexity,as
definedabove,influencescrashandnear-crashrisk. Specifically, computedoddsratios
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were3.1 for complexsecondarytasks.2.1 for moderatesecondarytasks,and 1.0 for simple
secondarytasks.This meansthatwhenperforminga complexsecondarytask, driverswere
exposedto approximatelythreetimes the risk of involvementin acrashor near-crashas
weredriverswhowerenot engagedin a secondarytask. For moderatesecondarytasks,
therewas approximatelytwice the risk as driving with no secondarytaskand for simple
secondarytaskstherewas no appreciableincreasein risk.

Additional analyseswereconductedto identil\ theenvironmentalconditionsassociated
with distraction-relatedcrashesandnear-crashes.For theseanalyses.only the complex
secondarytaskswereassociatedwith elevatedoddsratios, indicativeof elevatedrisk.
Specifically. for driversperformingcomplexsecondarytasks,elevatedoddsratioswere
found for the following conditions:duskandunlighteddarkness,rain,divided roads.and
roadswith grades(straightor curved).Thus with the exceptionof divided roads,which
arenormallyconsideredsaferthanundividedroads,theresultssupportthe conclusionthat
engagingin a complexsecondarytaskis morelikely to result in acrashor near-crashin
relatively difficult driving situations.

Thereareseveralcaveatsthat mustbe consideredin the interpretationof this data. First, 90
percentof theoutcomeeventswerenear-crashes,not crashes.Furthermore,the definition
of a crashallowedinclusionof eventsthatwould not havereachedthe damagecriterion
for policereportingof crashes.Thus the elevatedoddsratios indicatethatdriverswere
more likely to be involved in relatively minor events,mostof which did not result in a
crash.Second.the inclusionof multiple crashor near-crasheventsfrom eachdriver creates
statisticalproblems,which raisequestionsabouthow well the studyresultsrepresentthe
experienceof the driving populationmore generally.Third, the baselinesampleswere
selectedrandomlyandwerethus not matchedin termsof anydescriptors(e.g..time of
da~clocation,environmentalconditions)to the crashor near-crashevents.McCarttetal.
(2006)concludedthat naturalisticstudieshavethepotential for providingusdlil datawhen
adequateandrepresentativesamplesof driversarecombinedwith exposureor control-
groupdata. Thispotentialwas recognizedby the StrategicHighway ResearchProgram
(SHRPII). which is planningto fund a naturalisticstudyof muchlargerscalethanthe 100-
carstudy. It is expectedthatthe dataobtainedin that studyw-ill be more representativeof
the entire country andwill contain significantly largernumbersof crashesso that estimates
of crashrisk associatedwith various secondarytaskscanbe morepreciselycomputed.
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4.0 TECHNOLOGY-BASEDDISTRACTIONS

4.1 Mobile Telephones

Cell phonesarethe contemporaryicon of driverdistraction.The fact that their use among
driversin the UnitedStatesis steadilyincreasinghasbeendemonstratedby four daylight
surveysconductedby NHTSA (Glassbrenner,2005a;Glassbrenner,2005b:Glassbrenner,
2005c;Utter, 2001).Accordingto thesesurveys,the incidenceof handheldphoneuse
amongdrivers hasincreasedfrom 3 percentin 2002.to 4 percentin 2003,5 percentin
2004,and6 percentin 2005.In the mostrecentsurvey. therewas wide variationamongage
groups.with 10 percentof 16- to 24-year-oldsholdingphonesversus 1 percentof drivers
over age70. Femalesweremorelikely to he holdinga phone(8% versus5% for males).
Using additionaldata,NHTSA estimatedthat in 2005 approximately10 percentof drivers
in a typical daytimemomentwereusingsometypeof phone.w-hetherhand-heldor hands-
fl-ce (Glassbrenner.2005c).Roadsidesurveysconductedin the UnitedKingdom revealed
that phoneusedeclineswith increasingageand,in contrastto the U.S. results,that men
wereslightly morelikely to usephonesthanwomen(Treziseet aL, 2006).

A considerablebody of researchhas beenpublishedin an attemptto understandthe effects
of cellularphoneuseon driving behaviorandsafety as well as the effectsof attempts
to limit cellularphoneusewhile driving. McCarttandcolleagues(2006)haverecently
publishedacomprehensivereview- of thisliterature, in which theysynthesizedthe results
of 125 studies.Over50 of thesewere experimentalstudiesin which volunteerdrivers
weretestedon driving simulatorsor instrumentedvehicleson testtracksor public roads.
Accordingto their review, experimentalstudiestypically find that performanceon driving
simulatorsin instrumentedvehiclesis compromisedby tasksthat attemptto replicatethe
demandsof phoneconversation.Slowed reactiontime is the mostconsistentfinding and
degradedperformanceis morepronouncedamongolderdrivers (age50 to 80) thanamong
youngerdrivers. More difficult phonetasks.which may involve complexcomputationalor
recall tasks,producegreaterperformancedecrements.McCarttet al. (2006) presentsome
evidencethat phoneconversationsaremoredisruptivethanconversationswith passengers
ormanipulatinga radio, CD, orcassetteplayer.

Despitethe fact that the preponderanceofexperimentalevidenceconsistentlyreveals
driving perfonnancedegradationassociatedwith phoneuse,McCarttet a!. (2006)question
the usefulnessof the experimentaldata for assessingthe safetyimplicationsof phoneuse
while driving. They referto a lack of “operationalclarity,” whichrefersto the difficulties
involved in comparingresultsfi-om studiesthatuseddifferentmethods.This raisesconcerns
aboutthe reliability of the findingsas well as their ecologicalvalidity, which refersto how
well the experimentsrecreatethe real-worldchallengesof phoneusewhile driving. This
areaof researchhasbeencriticizedfor usingartificial phonetasksandhashad considerable
difficulty characterizingthe contentand level ofdriver involvementin phoneconversations.
Clearly. the level of distractionandcorrespondingprimarytaskdegradationarelikely to
be muchhigherwhena driver is heavily engagedin a meaningful,seriousconversation
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thanwhen engagedin a superficialmeaninglessconversation.The sameis true for complex
versussimpleconversations.Thesetwo dimensions,the level of driver engagementand
conversationcomplexity,combineto influencethe amountof mentalworkload oreffort
that a driverdevotesto a phoneconversationwhile driving. This level of effort translates
directly into the level of cognitivedistraction.The inability to characterizethe dynamics
of naturalisticphoneconversationsis one problemthat hasraisedconcernsaboutthe
ecologicalvalidity of this research(Haigney& Westermen,2001).

Horrey andWickens (2006)conducteda meta-analysisusingpublisheddatafrom 23
experimentalstudiesof distractioneffectsof phoneuse.They found thatphoneusewas
associatedwith definitecosts to driving performance,but that thesecostswere to measures
of responsetime andnot for measuresof lane-keepingor trackingperformance.On
average,the decrementin responsetime associatedwith phoneusewhile driving was 130
milliseconds.They found thathands-freephoneusedid not reducethesecosts,which led
them to the conclusionthatthe main effect of phoneusewas the cognitivedistraction.
They alsofound that conversationswith passengerswerejustas detrimentalto driving
performanceas cell phoneconversations.

McCarttet al. (2006)reviewedover 20 studiesthat assessedthe crashrisk associatedwith
cell phoneusewhile driving. They notedthatmoststatesdo not providedataelementson
policereport forms to record drivers’ phoneuse.Moreover,as notedabove,evenwhen
dataelementsareavailable,phoneusedataobtainedfrom crashrepoitsare unreliable.
They concludedthat for accuratelyassessingcrashrisk, it is essentialthatphoneuseamong
crash-involveddriversbe establishedindependently.Severalstudieshavebeenconducted
usingcell phonecompanybilling recordsfor thispurpose,howeverthesehaveall been
conductedin othercountriesbecausecell phonebilling recordshavenot beenavailablein
the UnitedStates.Onesuchstudywas conductedin Toronto(Redelmeier& Tibshirani,
1997). Researchersobtainedcell phonecompanybilling recordsfrom approximately700
Canadiandriversto establishphoneuseat thelime of the crash.Crash-involveddrivers
wereusedas their own controlsin a case-crossoverdesign.Phoneuseat the time of the
crashwascomparedwith phoneuseamongthe samedriversat a comparabletime of day
during the weekprior to the crash.They found thatdrivers’ useof a cell phoneup to 10
minutesbeforethe crashwas associatedwith afourfold increasedlikelihood of being
involved in a crash,Hands-freephonesdid not appearto help,howeverthe studymaynot
havehadsufficient statisticalpowerto assessthis effect.

A similar studywas undertakenin Perth.WesternAustralia(McEvoy et al.. 2005),in which
phonerecordswereobtainedfor approximately500driversinvolved in crashesthat required
hospitaltreatment.Usingthe sametypeof design,they foundafourfold increasein the risk
of seriouscrashinvolvementamongdriversusinga phoneat the time of the collision.

Despitetheir concernsaboutexistingmethods,McCarttet al.. (2006)concludedthat phone
use representsasignificantdriving hazard.Moreover,becausephoneusemay involve a
relatively extendedperiod of exposurerelativeto other shorter-durationdistractionssuch
as eating,drinking, or radio-tuning.it likely representsa biggerproblemthantheseother
commonin-vehicletasks.
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4.1.1 FutureProblemsWith Cell PhoneUse

While phoneusemayrepresenta relatively smallproportionof the currentincidenceof
distractingactivities,two trendscombineto suggestthat the associatedproblemsmay
increase.First is thecontinually increasingnumberof cell phoneusers.Secondis the fact
that phonesarenow beingusedfor manymoreactivitiesthanfor talking. Specifically, they
are beingusedfor text messagingandto downloadaudioor video from the Internet,to
play gamesandin somecountriesto paybills (Treziseet al., 2006).Moreover, it is younger
peoplewho areleadingthe way in thesesecondaryusesof mobile phones(Treziseetal.,
2006).To the extentthatsuchauxiliary usesof cell phonesarebeingperfbrmedlargely
by driverswithout fully-developeddriving skills, wemayexpectto observea synergistic
accelerationin the resultingsafetyproblem.Hosking.Young. andRegan(2006)examined
the effectsof text messagingon the driving performanceof youngnovicedriversin a
driving simulator.Driverswereinstructedto initiate textmessagingto coincidewith
programmedscenarioevents.They foundthat retrievingand sendingtext messageshad
a detrimentaleffect on driving performance.Specifically.whentext messaging,drivers
weremore likely to drive outsidethe lane boundariesandwereless likely to respond
appropriatelyto traffic signs.Driving while text messagingwasalsoassociatedwith a 400
percentincreasein the amountoftime spentlookingawayfrom the road,relativeto driving
without text messaging.In particular,driversspentapproximately10 percentof thetime
looking awayfrom the roadwhendriving normally,versus40 percentwhentext messaging.
Theseauthorsreportedthe resultsof a separateAustralianstudy in which it wasfound that
30 percentof driverssurveyedhadsenttextmessageswhile driving. Theyconcludedthat
mobile phonesafetyeducationandadvertisingcampaignsshouldbetargetedheavily to
youngerdrivers.

4.2 In-Vehicle RouteGuidanceSystems

In-vehicleroute-guidanceor navigationsystemsaredesignedto guidedriversto a
specifieddestination.Driversentera destinationandthe systemprovidesa routefrom
the vehicle’spresentlocationto the destination.While suchsystemsmaybe helpful to
driversin unfamiliar locations,theyhavethe potentialto distractdriversin severalways.
Theseincludethe physicaldistractionassociatedwith manualdestinationentry, which
typically usesa keyboard:the visual distractionwhen looking atthedisplaywhile entering
a destinationor viewing amapor directions;the auraldistractionwhen listeningto auditory
turn-by-turninstructions;andalsothe cognitivedistractionwhenthe driver thinksabout
the informationpresentedby the system.Thereis also someevidenceto suggestthatthe
merepresenceof a navigationsystemin avehicle might encourageincreasinglyfrequent
andunnecessaryuseof the system,including browsingthrough listsof attractions(Burnett,
Summerskill,& Porter,2004).

Destinationentry canbe a time-consumingprocessandis consideredthe mostdistracting
componentof using in-vehiclenavigationsystems(Young et al., 2003).Tijerinaet al.,
(1998)examinedthe effectsof destinationentryusingfour routeguidancesystemson
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closed-coursedriving perfonnance.Threesystemsrequiredmanualentry while the fourth
usedvoicecommands.Theyfound thatdestinationentry usingthe visual/manualsystems
hada generallyhigherpotential for distractionthanthe voiceactivatedsystem.This was
evidencedas longercompletiontimes, morefrequentglancesat the device,longereyes-
off-roadtimes.anda greaternumberof laneexceedances.They concludedthat destination
entryusingvoicerecognitiontechnologywas lessdistractingthanmanualentry (Tijerina,
Parmer,& Goodman,1998).

Navigationsystemshaveseveralwaysof presentingrouteguidanceinformation, including
visual displaysandaudiomessages.Visual displayscan be eithermapsor turn-by-turn
instructions.Becausemost informationneededfor driving is obtainedvisually, it has
beenassumedthat audiomessageswould be lessdistractingthan informationpresented
on visualdisplays.SrinivasanandJovanis(1997)useda driving simulatorexperiment
to comparedifferentmethodsof informationpresentation,which includeda mapdisplay
alone,mapplus visual turn-by-turndisplays,mapplus voiceguidance,anda papermap.
The voice guidancesystemwas associatedwith the bestdriving performance.definedas
the fewestnavigationalerrors. lowestworkload,and fastestspeeds.Becausedriverswere
instructedto maintainpostedspeeds,slowerspeedswere interpretedas indicatinggreater
distraction.Useof thepapermapresultedin the slowestspeeds,highestworkloadandmost
navigationalerrors.Basedprimarily on theseresults,voice instructionsareconsideredto be
less distractingthan avisual displayandturn-by-turninstructionsare lessdistractingthan
maps(Youngetal., 2003; Treziseet al.. 2006).

4.3 In-Vehicle InternetandE-mail Capabilities

The availability of in-vehicle Internetand e-mailaccessis predictedto becomean
importantcomponentof new infotainmentsystems(Youngetal., 2003). Driverswill be
able to downloadtraffic updatesandweatherieports,amongotherthings, andto access
e-mailandweb capabilitiesmoregenerally.As the functionality of in-vehiclecomputing
capabilitiesapproachesthat of desktopor portablecomputers,secondarytaskpossibilities
will proliferateandit will becomeincreasinglydifficult not only to definesecondarytask
boundariesbut alsoto determinewhichtasksmaybe acceptableto performwhile driving
andwhichmay not. Moreover,givendrivers’ freedomto determinewhenandhow- much
attentionto divert fi-om driving to performsecondarytasks.it is likely that somedrivers
maychooseto switch betweenmultiple secondarytaskswhile driving. muchas theydo
whenusinga personalcomputer.This scenariocould createsignificantchallengesfor
interfacedesignersand for thosewho seekto developmethodsfor assessingthedistraction
potential of secondarytasks.
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4.4 RadioTuning/CDPlayers

Fewstudieshaveconsideredthe distractingeffectsof operatingvehicleradiosor other
entertainmentsystems(e.g..cassette,CD) becausethesesecondarytasksaregenerally
consideredto poseacceptablelevelsof distraction. Severalstudieshavedemonstrated
that tuning or evensimply listeningto a radio while driving candistracta driver and
degradedriving performance(Young et al., 2003). Researchhasalso suggestedthat
operatinga CD playerwhile driving is moredistractingthandialing a mobile phoneor
eating(Younget al., 2003).
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5.0 COUNTERMEASURESFOR DISTRACTED DRIVING

5.1 BehavioralStrategies

Developingeffectivecountermeasuresfor distracteddriving is hamperedby the
abovementioneddifficulties in defining, observing,andmeasuringdriver distraction.
This alsoholdstrue for measuringcountermeasureeffectiveness.The standardbehavioral
countermeasuresof laws,enforcement,andsanctions,which havebeenusedsuccessfully
for alcohol impairment,safetybelt use,aggressivedriving, andspeeding,areconsidered
unlikely to beeffectivefor distracteddriving (NHTSA. 2006).The main reasonis that
distracteddriving is morethana driving or transportationsystemissue.Rather,it is a
societalissue,resultingin part from lifestyle patternsandchoices.This point is also made
by Lee and Strayer(2004), who suggestthat socialnormsgovernwhatconstitutesan
acceptablerisk. For example,if it is socially acceptableto useacell phonewhile driving,
then it may be verydifficult to influencethis behavior.The sameis truefor othermore
commonlyaccepteddistractionssuchas eatingordrinking, andlisteningto music.

Accordingto NHTSA, the obviousway to reducedistracteddriving is to convinceor
requiredriversto payattentionto their driving. Behavioralstrategiesto reducedistracted
driving includeatteniptingto removeunderlyingcausesandpromotingawarenessof the
risks (NHTSA. 2006).Removingthe underlyingcausesof distractionmay beextremely

difficult dueto the lifestyle componentmentionedabove.However,onenotedexceptionis
thatsomegraduateddriver licensing(CDL) provisionsmayhelp reducedistractionamong
youngerdrivers.CDL is athree-phasesystemfor new driversthat consistsof a learner’s
permit,a provisional license,anda full license.CDL helpsnew- driversacquire experience
graduallyby limiting exposureto higher-risksituationssuchas nighttimedriving.As of
August2004,47Statesand the District of Columbiahad someCDL components.CDL
componentsthat mayhavean impacton driverdistractioninclude limiting the numberof
passengersandprohibitingcell phoneuseby driverswith learner’spermits,provisional
licenses,or by driversunder 18. Therehavebeenno evaluationsof the CDL distraction
provisions;howeverthereis evidencesupportingthe overall effectivenessof CDL in
reducingcrashesand injuries amongteenagedrivers(Baker.Chen,& Li, 2007;NHTSA.
2006).

5.1.! Cell Phoneand RelatedLaws

The useof hand-heldphonesby drivers is illegal in mostEuropeanUnion countries,in all
Australianstates,andin the Canadianprovinceof NewfoundlandandLabrador.Japanese
driversarenot permittedto useanytypeof phone;howeverenforcementonly occurswith
anothertraffic violation. In the UnitedStates,useof hand-heldphonesis not permittedin
Connecticut.~‘ewJersey,New York, andthe District of Columbia.California’s banon hand-
heldphoneswill beginin 2008.Severaladditionalcommunitiesprohibithand-heldcell
phoneuse while driving. TwelveStatesprohibitall cell phoneuseby driversunder 18 or
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21 andseveral Statesprohibit useamongdrivers with CDLs and school bus drivers.Other
Statesdo not allow communitiesto restrictcell phoneuse.Legislaturesin overtwo-thirds
of the Stateshaveconsideredbills relatedto cell phoneusein recentyears.TheNational
Conferenceof StateLegislaturesmonitorsdevelopmentsin legislationpertainingto
distracteddriving andmaintainsa Driver FocusandTechnologyDatabasethat summarizes
the currentstatusof existingor pendingrestrictionson wirelessor cellularphones.This
information is availableat: www.ncsl.org/programs/transportation/DRFOCUS.htm

The effectivenessof NewYork State’scell phonelaw hasbeenevaluated.Initially, there
was significantcompliance,but 18 monthslater phoneusehadincreasedto a level thatwas
not significantly different from that observedbeforethe law took effect. It wasconcluded
thata drop-off in publicity andthe lack of a publicizedenforcementcampaignmay have
combinedto reducecomplianceto this law(McCartt etal., 2006). Severaleconomic
analyseshavebeenconductedto comparethe costsandbenefitsassociatedwith cell phone
userestrictions.Thesestudiesdo not provideaclearconsensuson the net effectsof these
laws (McCarttetal., 2006).

Otherthancell phonelaws,thereareno law’s thataddressdriver distractionexplicitly.
However,recklessdriving laws implicitly prohibitdriving while significantly distracted.No
studieshaveevaluatedwhethersuchlaws affectdistracteddriving, howeverit is expected
that anysuchlaw svill havelittle or no effect unlessit is vigorouslypublicizedand enforced
(NHTSA, 2006).

5.1.2Communications-andOtttreachon DistractedDriving

Developingefl’ective communicationsandoutreachprogramsfor the generalpublic is
difficult dueto the w-ide rangeof possiblesourcesof distraction.Somedistractionsoccur
outsidethe vehicleandare thusnot underthe driver’s control.Otherdistractions,suchas
listeningto the radio. inusic,or eating.are intentional andmayhelp keepdriversalerton
a long trip (NHTSA. 2006). SomeStates(California. New York) haveconducteddriver
alertnesscampaignsfor the generalpublic, but thereareno knownstudiesof the effectsof
thesecampaignson driver knowledge,attitudes,or behavior(NI-ITSA, 2006).

Tb the extentthat distractionis a problemfor commercialdrivers,employerprogramsmay
be a viableapproach;however,to dateemployershavedevelopedor implementedprograms
to combatemployeedrowsinessbut not driverdistraction(NHTSA, 2006).

The NationalCooperativeHighway ResearchProgram(NCF-IRP)of theTransportation
ResearchBoardundertooka studyto identiI~countermeasuresfor reducingcrashesof
drowsyanddistracteddrivers(Stunsetal., 2005b).As part of this study.the authors
describeda datacollection initiative in Virginia aimedat improving the reliability of
reportingassociatedw-ith distractionandotherformsof driver inattention.In addition to the
improvementin the qualityof reporting.they arguedthatsuchactivitiesalsohelp increase
awarenessof distractionby law enforcementofficials.
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5.2 EnvironmentalStrategies

The NCHRPreport(Stuttset al.. 2005h) identifiestwo broadobjectivesrelatingto the
environment,including(1) making roadwayssaferfor drowsyanddistracteddrivers,
and(2) providingsafestoppingandrestingareas.Two specificstrategieswerejudgedby
Stunset al, (2005b)as havingthehighestpotential effectiveness.Theseincludedinstalling
shoulderand/orcenterlinerumblestripsand improvingaccessto stoppingandresting
areas.The main weaknessof this report is thatno distinction is madebetweenapproaches
to addressdistraction-relatedproblemsandthe broaderproblemsof inattentionanddriver
fatigue,which havedifferentcauses.Countermeasuresthat addressinattentionin realtime
maybe useful both for inattentiongenerallyandfor distractionin particular,however
countermeasuresthataddressthe underlyingcausesmaynot work equallywell for all
categoriesof inattention.For example,rumblestripsmayhavethe potentialfor improving
the alertnessof driverswhoallow their vehicles to wanderfrom the travel lanefor whatever
reason:howeverthe placementof andaccessto restareasarenot likely to addressdistracted
driving unlesstheyincludeofferingservicessuchas wirelessInternetaccess,which might
encouragedriversto deferengagementin secondarytasksuntil theyan-iveat the restarea.

5.3 Vehicular Strategies

5.3.1 Guidelinesfor InterfaceDesign

Vehicularstrategiesfor mitigationof driver distractionat-c focusedprimarily on the design
of interfacesassociatedwith in-vehiclesystemsthat havethe potentialfor distraction.
Considerableeffort hasbeendevotedby the autoniotivemanufacturers,not only in North
America but alsoin EuropeandJapan,to the developmentof designguidelinesto optimize
the interfacecharacteristicsassociatedwith in-vehicletechnologies.Specifically,during the
pastdecade,therehavebeenthreemajor FIMI guidelinesdeveloped,including oneeachin
Europe,the United States,andJapan(Eckstein& vanGijssel.2006). In the UnitedStates,
the Alliance of AutomobileManufacturersdraftedasetof voluntarydesign, installation,
anduseguidelinesfor telematicsystems.Theseguidelineswerebasedon the European
Statementof Principleson Human-MachineInterfaceandcompriseda “bestpractices”
documentto addressthe safetyaspectsof driver interactionswith future in-vehicleand
communicationssystems(Eckstein& vanCijssel,2006).TransportCanadahasfflnded
researchto assesstheseguidelines.Resultsof this work haveconcludedthatwhile the
principlesaregenerallyvalid, theyaredifficult to apply and the resultsdifficult to interpret
(Morton & Angel, 2005).

Bums(2007)assessedthe effectivenessof the variousguidelinesmore generally.He
concludedthat despitethe existenceof numerousstandardsandguidelinesanddespitethe
significant improvementsin telematicsinterfacesin the past10 years,designersarenot
consistentlyapplyingprinciplesof good ergonomicdesign.Burns arguesfor a mechanism
within the productdevelopmentprocessthat would allow the risksof driver distraction
to be routinelyand systematicallyconsideredduringthe productdesign,development,
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andtesting (Bums.2007). 1-lowever, it is increasinglydifficult to focus exclusivelyon the
auto manufacturersbecausetechnologieswith significantdistractionpotentialmayalsobe
purchasedas aftermarketdevicesor as devicesbroughtby drivers into thevehicle.

Improvementsto humanmachineinterfacedesignthat improveusabilitymayalso have
unintendedeffects. Lee andStrayer(2004)discussedthe “usability paradox,”which
occurswhenthe improveddesignof an in-vehicledevicemakesit easierto useandthus
lessdistracting.Whendriversbecomeawareofthe increasedeaseof use,theymayuse
the devicemorefrequently.thus increasingtheir overall exposureto risk. The “usability
paradox”is one form of behavioraladaptationor risk compensation,which hasbeen
proposedto explainwhy highway andvehiclesafety improvementsmayhaveshort-lived
effects (Smiley.2000; Wilde, 1982).Accordingly,such improvementsas clearerroadway
delineation.wider lanes.andevensuchsafetyfeaturesas air bagsmayeventuallyleadsome
driversto feel saferandthereforedrivefaster,thuspossiblyreducingsomeof the safety
benefitsassociatedwith the improvements.

5.3.2AdvancedDriver AssistanceTechnologies

A few new vehiclesarebeingsold with in-vehicletechnologiesthat can detectdriver
distractionby monitoringdriverperformanceandeye-glancedirections.They mayalso
be ableto warndriversofrisky situationsandcontrol their useof distractingdevices,such
as wirelessphones.For example,someVolvo vehicleshavea systemcalledthe Intelligent
Driver Information System,whichdelays incomingphonecallsor othernonessential
infot-mation if thedriving situationis busy(e.g.,duringacceleration).Toyotarecently
announcedthat its 2008 LexusLS600hIwill be equippedwith acamerato monitor the
driver’s face. If the glance-monitoringsystemdetectsthat the driver is not looking ahead
whentheradardetectsa potential crash,the driverwill receivea warning.

In anticipationof the emergenceof multiple,distractingtechnologies.NHTSA has
undertakena researchprogramwith Delphi Electronicsto determinethe safetybenefits
associatedwith a systemthatemploysin-vehicleanalysisof drivers’ glancedirections
to monitorandmanagedriver distraction.The systemintegratesdriver dataandtraffic
datacollectedfrom radarandothersensorsto control the informationflow to the driver.
The goal is to developandtest a prototypeadaptiveinterfacethat incorporatesdecision
rules to prioritize informationflow to the driver, to alert distracteddrivers,andto improve
the performanceof collision warningsystems.Theprogramis called SAVE-IT (SAfety
VEhicle usingadaptiveInterfaceTechnology(www-nrd.nhtsa.dot.gov/departnients/nrd-13/
newDriverDistractionhtml).
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6.0 RESEARCHDIRECTIONS

Naturalistic studiesproviding incidencedataon distractingactivitieshavetypically
beensmall-scalestudies.A larger,morerepresentative,study of the incidenceof
distractingactivities is plannedas partof the SHRPII program.Thedesignof this
programshouldgive a high priority to driver distractionto ensurethat appropriatedata
areobtainedto betterunderstandtrendsin driverdistraction.

2. Betterreportingof driverattentionstatusfor crash-involveddriversis neededto
providebetterestimatesof the incidenceof distractionin crashes.Researchis needed
to identit~’waysto reducethe percentageof unknownattentionstatusamongcrash-
involveddrivers.

3. rn-vehicleandportable informationandentertainmenttechnologiesareemerging
rapidly. making it increasinglydifficult to determinethe scopeof the potential
distractionproblem.An effort is neededto developan inventoryof existingand
emergingtechnologiesandservicesaccessibleto drivers. Fromthis, researchis needed
to definea taxonomyofdriver distractionsandspecificsources.

4. The extentof distractionamongdrivers is determinedby drivers’ willingnessto
engagein potentiallydistractingsecondarytaskswhile driving. Analysisof naturalistic
datais neededto understandthe factorsthat contributeto drivers’ willingnessto
engagein potentiallydistractingtaskswhile driving. Informationis neededto
determinethe extentto which thepresenceof in-vehicletechnologiesencourages
unnecessaryor incidentalusewhile driving.

5. An assessmentof potentiallydistractingeventsandobjects.suchas dynamic
advertisements,thatoccuroutsidethe vehicleis neededto betterunderstandthis part
of the distractionproblem.

6. Work shouldcontinueon the developmentof objective,standardizedmeasuresof
distraction.Emphasisshouldbe given to improvingthe reliability andvalidity of eye-
glancemeasures.

7. Methodsmusthe determinedto estimatethe benefitsas well asthe costsof various
distractingactivities.

8. To helpanticipatefuture distractionproblems,an effort shouldbe undertakento
identify segmeutsof the driving populationor othertransportationsystemusers
who mayhave future potentialfor increasedincidenceof distraction,Possible
examplesincludepoliceofficers, emergencyresponders.pedestriansusingportable
communicationor entertainmentdevices,andyoungdrivers.

9. Evaluationof the effectivenessof Statedistraction-relatedlaw-s is needed.
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EXECUTIVE SUMMARY

INTRODUCTION
The purposeof this reportwas to conductin-depthanalysesof driver inattentionusingthe
driving datacollectedin the 100-CarNaturalisticDriving Study. Thesedata provideunique
opportunitiesfor transportationresearchersas datawerecollectedoveran 18-monthperiodand
representnormal,daily driving with all the stressandpressuresthatoccurin a metropolitan
envtronment.

This analysisalsodemonstratesone of the primarystrengthsof large-scalenaturalisticdriving
datain that analyticalmethodsfrom epidemiology,empirical research,andqualitativeresearch
can all be employedto answerresearchquestions.FigureES.1 showsthe relationshipof
naturalisticdatato empiricaland epidemiologicaldata. Naturalisticdatacanhelpcompletegaps
in the transportationresearchbetweenepidemiologyandempiricalmethodsby collectingenough
datato conductepidemiologicalanalyseswhile still collectingdetaileddriver behaviorand
driving performancedata.

Precise
• Proactive knowledge about
• Provides crash risk

important Large-Scale information about
ordinal crash Naturalistic important
risk info Data Collection circumstances and

scenarios that lead
to crashes

• Detailed pre-crash/crash
4emiologicalinfo

• DistractionData I Data
• Drowsiness

Collection~~ica1 “Natural” driver behavior ~hdatab:sesCollectiO
• Aggressive driving

~ (testtracks & I
• Driver errors
* Vehicle dynamics\simulatoEs)~l~to~9/’

Potential validation of
surrogate measures

Imprecise, relies
on unproven • Reactive
safety surrogate

• Very limited
• Experimental pre-crash

situations
modii~’driver
behavior

FigureES.1. The relationshipbetweenempirical, naturalistic,andepidemiological
methodsin driving safetyresearch.

The following analysesareableto establishdirectrelationshipsbetweendriving inattentionand
crashandnear-crashinvolvementbecauseof the extensivereal-world observationsof drivers’
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behavior. Relativenear-crashlcrashrisk wascalculated(odds ratios)usingboth crashandnear-
crashdatacomparedto normal,baselinedriving datafor varioussourcesof inattention. Crashes
and near-crasheswereusedbecauseit was foundthat the kinematicsignaturesof botharesimilar
and usingboth increasedstatisticalpower. The correspondingpopulationattributablerisk
percentagecalculationswereusedto determinewhatpercentageof crashesandnear-crashes
occurring in the populationareattributableto inattention. The relativenear-crash/crashrisk and
populationattributablerisk percentagecalculationsprovide usefulcounterpointassessmentsof
the crash-riskproblem. The oddsratio providesthe increasedrisk of eachsourceof inattention
per individual whereasthe populationattributablerisk percentageprovidesan assessmentof how
this individual risk translatesto a percentageof crashesand near-crashesin the populationat-
large.

METHOD
For theseanalyses,two reduceddatabaseswereused: the 100-CarStudyeventdatabasethat
consistsof the reducedcrashes,near-crashes,andincidents;andthe baselinedatabase.The
baselinedatabasewascreatedspecificallyfor this analysisby stratif~’ingthe entire datasetbased
upon the numberof crashes,near-crashes,andincidentseachvehiclewas involved in andthen
randomlyselecting20,0006-secondsegmentsfrom the 6.3 terabytesof driving data. For
example,a vehicle involved in over 3 percentof all the total crashes,near-crashes,andincidents
would alsorepresent3 percentof the baselines.Vehiclesthatwerenot involved in anycrashes,
near-crashes,or incidentswerenot representedin the baselinedatabase.Thisstratificationof the
baselineepochswasperformedto createa case-controldatasetwheretherearemultiple baseline
epochsper eachcrashor near-crasheventto allow for more accuratecalculationof oddsratios.

The variablesthat were recordedfor the 20,000baselineepochsincludedthe vehicle,
environmental,andmostdrivers’ statevariables. In addition,eyeglanceanalyseswere
performedfor 5,000of thesebaselineepochs.The eventvariableswerenot recordedfor the
baselineepochsasthesevariables(e.g.,precipitatingfactor,evasivemaneuver)werenot present
whenan incident,near-crash,or crashdid not occur. Table ES-I showsthe breakdownof the
typeof datathat currentlyexists as partof the original 100-CarStudy eventdatabaseandthe
baselinedatabase.

Table ES.i. Descriptionof theDatabasesCreated for the DistractionAnalysis

—~ 100-Car StudyEventDatabase

...L.i Vehicle variables

BaselineDatabase(epochs)
Vehicle variables

2. Eventvariables N/A
3. EnvironmentalVariables

Driver’s StateVariables
Environmental_Variables
Driver’s StateVariables4.

Eyeglancedata(crashes,near-
~es,ap4Jp2jf!ei~t~)~..
ObserverRatingof Drowsiness
(ORD) for crashesandnear-
crashes

Eyeglancedataon 5,000randomly
selectedbaselinedistractionevents.
Drowsinesswasmarkedyes/nowith
“yes” = ORDof 60 or above.

5. Driver/Vehicle2 N/A
10. Narrative N/A
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The questionnairedatacollectedduringthe 100-CarStudywasalsoused in theseanalyses.
TableES.2presentsa list of all the surveysandtest batteriesthat wereadministeredto the
primarydrivers.

Table ES.2. Description of questionnaire and computer-basedtests usedfor the 100-Car

MAJOR CONCLUSIONS

Study.

List of questions ranging from
seatbelt use, driving under the
influence, and administration of
experiment.

The analysesreportedin this documentarederivedfrom directmeasurementsof driver
inattention immediatelypriorto a crashor near-crash.The analyticalmethodsthatwereusedin
this reportwereborrowedfrom epidemiology,empiricalresearch,andqualitativeresearch.The
applicationof theseanalyticalmethodsdemonstratesthe powerof naturalisticdriving dataand
its importancein relatingdriving behaviorto crashandnear-crashinvolvement.

Driver inattentionwas definedfor this reportasone of the following:

[ Name of Testing Type of Test
Procedure
Driver demographic Paper/pencil
information

Time test was
administered

Brief description

I. Tn-processing General information on driver
age, gender, etc.

2. Driving History Paper/pencil In-processing General information on recent
traffic violations and recent
collisions.

3. Health assessment
questionnaire

Paper/pencil in-processing List of variety of
illnesses/medical conditions/or
any prescriptions that may affect
driving performance.

4. Dula Dangerous
Driving Index

Paper/pencil in-processing One score that describes driver’s
tendencies toward aggressive
driving.

5. Sleep Hygiene Paper/pencil in-processing List of questions that provide
information about driver’s
general sleep habits/substance
use/sleep disorders.

6. Driver Stress Inventory Paper/Pencil In-processing One score that describes the
perceived stress levels drivers
experience during their daily
commutes.

7.

~.

Life Stress Inventory

Useful Field-of-View

Paper/pencil In-processing/Out-
processing

In-processing

One score that describes drivers
stress levels based upon the
occurrence of major life events.

8. Computer-
based test

Assessment of driver’s central
vision and processing speed,
divided and selective attention.

9. Waypoint Computer-
based test

In-processing Assessment of the speed of
information processing and
vigilance.

10. NEO-FFI ~gpg~pgj~ci~ in-processing Personality test.
11. General debrief Paper/pencil

questionnaire
Out-processing
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I) Driver engagementin secondarytasks(thosetasksnot necessaryto the primarytask
of driving)

2) Driver drowsiness
3) Driving-relatedinattentionto the forwardroadway
4) Non-specificeyeglanceaway from the forward roadway

Thesefour typesof inattention,singly or in combination,were usedto answerthe research
questionsaddressedin thisreport. Someof the importantfindings arepresentedbelow:

• This studyallowedfor the calculationof relativenear-crashlcrashrisk of engagingin
varioustypesof inattention-relatedactivities. Someof the primaryresultswerethat
driving while drowsyincreasesan individual’s near-crash/crashrisk by four to six times,
engagingin complexsecondarytasks increasesrisk by threetimes,andengagingin
moderate secondarytasks increasesrisk by two timesthatof normal,baselinedriving.
Driving-related inattentionto theforward roadwaywasactuallyshownto be saferthan
normal,baselinedriving (oddsratio of0.45). This wasnot surprisingasdriverswho are
checkingtheir rear-viewmirrors aregenerallyalertandengagingin environmental
scanningbehavior.

• This studyalsoallowed for the calculationof populationattributablerisk percentages.
This calculationproducesan estimateof the percentageof crashesandnear-crashesin the
population where the specific inattention-related activity was a contributing factor. The
resultsof this analysisindicatedthat driving while drowsywasa contributingfactor for
22 to 24 percentof the crashesandnear-crashesandsecondary-taskdistraction
contributedto over 22 percentof all crashesandnear-crashes.This is ausefulmetric
sinceodds ratios estimate risk on a per-task (or drowsinessepisode)basiswhile the
populationattributablerisk percentageaccountsfor the frequencyof occurrence.Thus,
someinattention-related activities that indicated high relative near-crashlcrash risk had
correspondingpopulationattributablerisk percentagesindicating low total percentages.
This wasdue to lower frequency of occurrence. Conversely,other more frequently
performed inattention activities, while obtaining lower relative near-crash/crashrisks,
obtainedhigherpopulationattributablerisk percentages.

• The prevalenceof driving inattention wasanalyzedby using normal, baselinedriving
(i.e., no eventcrash,near-crash,or incident present)as establishedby the baseline
distraction database. The four types of inattention were recorded alone and in
combinationwith the othertypesof inattention. The percentof the total baselineepochs
in which driverswereengagedin eachtypeof inattentionis as follows:

secondarytasks—54 percentof baselineepochs
driving-related inattention —44 percentof baselineepochs
drowsiness—4 percent of baselineepochs
non-specificeyeglance—2 percent of baselineepochs

Notethat the total is higherthan100 percentsincedriversengagedin multiple typesof
inattention activities at one time. Non-~spec~ficeyeglancewasmostfrequentlyrecorded
asassociatedwith the other typesof inattention but accountsfor only 2 percent of the
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baselineepochs,singularly.Giventhat the baselineepochsmostclosely represent
“normal,baselinedriving,” theseresultssuggestthat drivers frequentlyengagein
inattention-relatedtasks.

• The analysisof eyeglancebehaviorindicatesthattotal eyes-off-roaddurationsof greater
than2 secondssignificantly increasedindividual near-crash/crashrisk whereaseyeglance
durationsless than2 secondsdid not significantly increaserisk relative to normal,
baselinedriving. The purposebehindan eyeglanceawayfrom the roadwayis important
to consider.An eyeglancedirectedata rear-view mirror is a safety-enhancingactivity in
the largercontextof driving while eyeglancesat objects inside the vehicleare not safety-
enhancing.It is importantto rememberthatscanningthe driving environmentis an
activity that enhancessafety as long as it is systematicandthe drivers’ eyesreturn to the
forward view in under2 seconds.

• The resultsfor the analysisinvestigatingthe impactof driver drowsinesson
environmentalconditionsresultedin manyinterestingresults. First,driver drowsiness
may vary dependingon time of dayor ambientlighting conditions. Drowsinesswas also
seento slightly increasein the absenceof high roadwayor traffic demand.A higher
percentageof drowsiness-relatedbaselineepochswerefoundduring free-flowtraffic
densitieson divided roadwaysandareasfree of roadwayjunctions.

• The resultsof the analysisinvestigatingthe impactof complexor moderatesecondary
taskengagementon variousenvironmentalconditionsweremorevaried. Eachof the
eight environmentalconditionsresultedin oddsratios greaterthan 1.0 whenengagingin
complexsecondarytasks. Engagingin moderatesecondarytasksrarely resultedin odds
ratiossignificantly greaterthan1.0 which indicatesthatthesebehaviorsarenot as risky
as driving while engagingin complexsecondarytasks.

• The most frequenttypeof secondarytaskengagement,hand-helddeviceuse,also
obtainedoddsratiosgreaterthan 1.0 for both dialing hand-helddevice(OR = 2.8; CL =

1.6—4.9) andtalking/listeningto a hand-helddevice(OR = 1.3; CL = 0.9— 1.8).
Talking/listeningto a hand-helddevicewas not significantly different than 1.0, indicating
that thistaskwasnot as risky as dialing a hand-helddevice. Despitethe differencesin
theseoddsratios,the hand-held-device-relatedsecondarytaskshadnearlyidentical
populationattributablerisk percentages(eachcontributingto 3.6 percentof crashesand
near-crashes).This is becausedrivers weretalking/listeningto hand-helddevicesa much
largerpercentageof timethantheyweredialinghand-helddevices. Thus,the percentage
of crashesand near-crashesthatwereattributableto thesetwo actionswas similar dueto
the fact that dialing was more dangerousbut wasperformedlessfrequentlywhereas
talking/listeningwas lessdangerousbut performedmore frequently.

• The resultsfrom the surveyandtestbatteryresponseanalysesindicatedthatdriverswith
high involvement in inattention-relatedcrashesandnear-crasheswere significantly
youngerandpossessedlessdriving experiencethanthedrivers who were involved in
fewer inattention-relatedcrashesandnear-crashes.The high-involvementdriversalso
self-reportedsignificantly more traffic violations andbeinginvolved in moreaccidents
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prior to the beginningof the study. Othertestscoresdemonstratedthatthe high-
involvementdriversweremoreoftendrowsyand scoredsignificantly lower on selected
personalityinventoriesthan did the driversthat wereinvolved in fewer inattention-related
crashesandnear-crashes.

• A clearrelationshipbetweeninvolvement in inattention-relatedcrashesandnear-crashes
andengagingin inattention-relatedactivitiesduringbaselinedriving wasobserved.A
correlationof 0.72 was obtainedsuggestingthat thosedriverswho arefrequently
involved in inattention-relatedcrashesandnear-crashesarenot simply getting“caught”
at inopportunemoments. Thesedriversengagein inattention-relatedactivities
frequently. Thosedriverswho arenot frequentlyengagingin inattention-relatedtasksare
thereforenot involved in as many inattention-relatedcrashesandnear-crashes.
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GLOSSARYOF TERMS

ANOVA — Analysisof variance.

Additional driver — Family or friendsof the primarydriverwho drove the subject’svehicleand
werenot involved with the in-processing.

AssociativeFactors— Any environmentalor vehicularfactorwheredirect causationto crashes,
near-crashes,or incidentsis not possibleto attainbut correlationmaybe determined.

Backingcrash— A crashthat occurswhile the driver’svehicleis in reversegear.

Chasevehicle — Vehicle designatedfor locating (throughGPSor othermeans)anddownloading
datafrom subjectvehicles.

Contributingfactors— Any circumstancethat leadsup to or hasan impacton the outcomeof
the event.This term encompassesdriverproficiency,willful behavior,roadwayinfrastructure,
distraction,vehiclecontributingfactorsandvisual obstructions.

Crash— Any contactwith an object,eithermovingor fixed, at anyspeedin which kinetic energy
is measurablytransferredor dissipated. includesothervehicles,roadsidebarriers,objectson or
off the roadway,pedestrians,cyclists,or animals.

Crash-RelevantEvent— A subjectivejudgmentof anycircumstancethat requires,but is not
limited to, a crashavoidanceresponseon the part of the subject-vehicledriver, anyothervehicle,
pedestrian,cyclist, or animalthat is lessseverethana rapidevasivemaneuver(asdefinedin
near-crashevent),but greaterin severitythana “normal maneuver”to avoid a crash. A crash
avoidanceresponsecanincludebraking,steering,accelerating,or anycombinationof control
inputs. A “normal maneuver”for the subjectvehicleis definedas a control input that falls
outsideof the 95 percentconfidencelimit for control input asmeasuredfor the samesubject.

Conflict Type— All crashes,near-crashes,crash-relevantconflictsandproximity conflictswere
categorizedbasedon the initial conflict that leadto thecrashthat occurredor would have
occurredin the caseof near-crashesand incidents. Therewere20 typesof conflicts usedwhich
areas follows: conflict with leadvehicle,following vehicle,oncomingtraffic, vehiclein adjacent
lane,mergingvehicle,vehicleturningacrosssubject-vehiclepath(samedirection), vehicle
turningacrosssubject-vehiclepath(oppositedirection), vehicleturning into subjectvehicle path
(samedirection),vehicleturning into subject-vehiclepath(oppositedirection),vehiclemoving
acrosssubject-vehiclepath(throughintersection),parkedvehicle,pedestrian,cyclist, animal,
obstacle/objectin roadway,single-vehicleconflict, other, no knownconflict, unknownconflict.
This list wasprimarily from NationalAutomotive SamplingSystem(NASS) GeneralEstimates
System(GES)AccidentTypes.

DAS — DataAcquisition System.
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Data Reduction— Processby which trainedVirginia TechTransportation Institute (VflI)
employeesreviewedsegmentsof driving videoandrecordeda taxonomyofvariables that
provide information regarding the sequenceofeventsleadingup to the crash,near-crash,
incident, as well asenvironmental variables, roadway variables,anddriver-behavior variables.

Driver distraction - When a driver haschosento engagein a secondarytaskthat isnot
necessaryto performthe primary driving task.

Driver Impairment — The driver’s behavior,judgment,or driving ability is alteredor hindered.
This includes drowsiness,useofdrugs or alcohol, illness, lack ofor incorrectuseofmedication,
or disability.

Driver Proficiency — Whether the individual’s driving skills, abilities, or knowledgeare
inadequate. This specifically refersto whetherthe driverappearedto be aware ofspecifictraffic
laws(i.e., no U-turn), whetherthe driver was incompetentto safelyperforma driving maneuver
(i.e.,checkfor traffic beforepulling out on aroadway), unawareofthe vehicle’sturning radius,
or performsdriving maneuversunder the incorrect assumptionthat it is safe,(i.e., drivesover a
concretemedian).

Driver-Related Inattention to the Forward Roadway— Inattention due to a necessaryand
acceptabledriving taskwherethesubject is required to shift attention awayfrom the forward
roadway. (e.g.,checkingblind spots,centermirror, instrument panel).

Driver Reaction— The evasivemaneuverperfonnedin responseto the precipitating event

Driver SeatBelt Use— Variable indicating if the subject is wearing a seatbelt duringanevent.

Drowsiness— Refersto a driver who is either moderately to severelydrowsy,as defined by
Wierwille andEllsworth (1994). A driverwho ismoderatelydrowsy will exhibitslack
musculature in the facial musclesandlimited overall body movementaswell as a noticeable
reduction in eyescanningbehaviors. A severelydrowsydriver will exhibit all the above
behaviors aswell as extendedeyelid closuresand will havedifficulties keepinghis/her headin a
lifted position.

EDR - Electronic data recorder.

Epoch — Typically, a 6-secondperiodoftime that wasselectedrandomly to allow for the
observation ofnormal,baselinedriving.

Event — A term referring to all crashes,near-crashes,and incidents. The “event” beginsat the
onsetof theprecipitating factorand endsafter the evasivemaneuver.

Event Nature — Classification ofthe typeofconflict occurring in the event(tg., conflict with
lead vehicle,conflict with vehiclein adjacent lane).
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Event Severity — Classificationof the level of harm or damageresultingfrom an event. The five
levelswere crash,near-crash,crash-relevant,proximity, andnon-conflict.

FARS — FatalityAnalysis ReportingSystem.

FOV — Fieldof view.

FV — Following vehicle.

GPS — Global PositioningSystem— usedby datareductioniststo locate participantvehicle for

information on an event.
Inattention — Any eventor epochwheredrowsiness,driver-relatedinattentionto the forward
roadway, driver secondarytasks,or non-specificeyeglanceawayfrom the forwardroadwaywere
identified as acontributingfactorsto the event.

Incident — Encompassesthe eventseventiesof crash-relevantconflictsandproximity conflicts.

IVI — Intelligent Vehicle Initiative.

JR LEDs — Infrared light-emitting diode.

Invalid Trigger — Any instancewherea prespecifiedsignaturein the driving performancedata
streamis observedbut no safety-relevanteventis present. SeeAppendix C for a more complete
definitionof triggers.

LV — Leadvehicle.

MVMT — Million vehiclemilestraveled.

NHTSA — National Highway Traffic SafetyAdministration.

Naturalistic — Unobtrusiveobservation.Observationof behaviortakingplacein its natural
setting.

Near-crash— A subjectivejudgmentof any circumstancethat requires,but is not limited to, a
rapid, evasivemaneuverby the subjectvehicle,or anyothervehicle,pedestrian,cyclist, or
animalto avoid a crash. A rapid, evasivemaneuveris definedas a steering,braking,
accelerating,or anycombinationof control inputsthat approachesthelimits of the vehicle
capabilities.

Non-Conflict — Any incidentthat increasesthe level of risk associatedwith driving, but doesnot
result in a crash,near-crash,or incidentas defined. Examplesincludedriver-controlerror
without proximal hazardsbeingpresent,driver-judgmenterror suchasunsafetailgatingor
excessivespeed,or casesin which driversarevisually distractedto an unsafelevel.
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Non-SubjectConflict — Any incident,crash-relevantconflict, near-crash,or crashthat is
captured on video but doesnot involve the subjectdriver. Labeledas a non-subjectconflict but
data reductionwasnot completed.

Onset of Conflict - Syncnumberdesignatedto identify the beginningof a conflict; also known
as the beginningof the precipitatingfactor.

ORD — ObserverRatingof Drowsiness;measuredon a scalefrom 0 to 100 in increasingseverity
of drowsiness. Basedon Wierwille andEllsworth (1994),who developedthis procedurewhere
observablebehaviors were identified to allow datareductioniststo reliably andconsistentlyrate
the drowsinessof drivers usingpost-hocvideo datareduction.

Precipitating factor — The driver behavioror stateof the environmentthat initiatesthe crash,
near-crash,or incident,andthe subsequentsequenceof actionsthat result in an incident,near-
crash, or crash.

Primary Driver — The recruitedparticipantdesignatedas the main driver of his or her own
vehicle or a leasedvehicle

Proximity Event — Any circumstanceresultingin extraordinarilycloseproximity of the subject
vehicle to any other vehicle, pedestrian, cyclist, animal, or fixed object where, dueto apparent
unawarenesson the part ofthe driver(s), pedestrians,cyclists,or animals, there is no avoidance
maneuveror responseattempted.Extraordinarily closeproximity is defined asa clearcase
where the absenceofan avoidancemaneuver or responseis inappropriate for the driving
circumstances(including speed,sight distance,etc.).

Pre-Incident Maneuver — The maneuver that the driver was performing immediately prior to
the event. The importance ofthis is to record what the driver was doing beforethe precipitating
eventoccurred.

Precipitating Factor — The actionof a driver thatbeginsthe chain of eventsleading up to the
crash, near-crash, or incident. For example, for a rear-end striking collision, the precipitating
factor most likely would be lead vehicle beginsbraking (or lead vehicle brake lights illuminate).

SecondaryTask — Task, unrelated to driving, which requires subjectsto divert attention
resourcesfrom the driving task, e.g., talking on the hand-held device,talking to passenger,
eating, etc.

Rear-endstriking — Refersto the subject vehicle striking a lead vehicle.

Rear-end struck - Refers to the subject vehicle being struck by a following vehicle.

Sideswipe— Refers to either a vehicle in the adjacent lane changing lanes into the subject vehicle

lane or the subject vehicle changing lanes into an already occupiedadjacent lane.

SV — Subject vehicle.
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Time-to-Collision (TTC) — A calculation that estimatesthe moment of impact. This calculation
usesradar data (either forward or rear) to obtain measuresof range and range-rate.

Trigger/Trigger Criteria — A signature in the data stream that, when exceeded,90 secondsof
video data (60 secondsprior and 30 secondsafter the data excedence)and the corresponding
driving performance data are copied and savedto a database. Trained data reductionists assessed
thesesegmentsof video and driving performance data to determine whether this segmentofdata
contained a safety-relevantconflict (i.e.,crash, near-crash, or incident) or not. Examplesof
triggers include a driver braking at 0.76 g longitudinal decelerationor swerving around an
obstacle,obtaining a 0,8 g lateral acceleration. For a more completedescription of triggers, see
AppendixC.

US DOT — UnitedStatesDepartmentof Transportation.

Valid Event or Valid Trigger — Thoseeventswhere a specificsignature in the data stream was
identified and viewed by a data reductionist and deemedto contain a safety-relevantscenario.
Data reductionists recorded all relevant variables and stored this data in the 100-Car Study
database.

Vehicle Run-Off-Road — Describesa situation when the subject vehicle departed the roadway.

VDOT — Virginia Department of Transportation.

Virginia Tech Motor Pool — An extensionofthe Virginia Tech Office of Transportation.

VTTI — Virginia Tech Transportation Institute.

Visual Obstruction — This variable refers to glare, weather, or an object obstructing the view of
the driver that impactsthe event in any way.

Willful Behavior — The driver knowingly and purposefully drives in an unsafeor inappropriate
manner. Includes aggressivedriving, purposeful violation oftraffic laws, useof vehicle for
improper purposes(i.e., intimidation).
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CHAPTER1: INTRODUCTIONAND METHOD

BACKGROUND

Transportationresearchershave long beenawareof thenegativeeffectsof driver distractionand
inattentionon driving performance.Researchershavedevisedcleverexperimentaldesignson
testtracksandsimulatorsto gaingreaterunderstandingof the effectsof varioussourcesof driver
inattentionon reactiontime, lateraldeviations,time-to-collision (TTC), etc., in both normaland
unexpecteddriving environments.While this researchis importantand useful to understanding
whetherthesebehaviorsimpactdriving performance,it is largely unknownwhetherdriver
inattentionactuallydecreasessafetyand relativecrashrisk on roadways(Hancock,Lesch,and
Simmons,2003;Dingus, 1995).

Crashdatabaseresearchhasfoundthatdriver inattentionis a contributingfactor in
approximately25 to 30 percentof all actualcrasheson roadways(Wang, Knipling, and
Goodman,1996). Unfortunately,this statistic is baseduponpoliceaccidentreportsthatwere
completedat thesceneofcrashes.The investigatingpolice officer would only markdistraction
or inattentionif the driveradmittedguilt or an eyewitnessobservedthat the driver was
inattentive. Giventhe sourceof this informationandthe potential for inaccurateinformationto
be recorded,most transportationresearchersbelievethat theactualpercentageis muchhigher.
Regardlessof beliefs,the trueeffectsofdriving inattentionon crashratesare unknown.

While both empiricalandepidemiologicalresearchareuseful to understandingaspectsofthe
problemofdriving inattention,thereare significantquestionsthatstill needto be addressed.The
100-CarNaturalisticDriving Study (Dinguset al.,2005)providesthe typeof pre-crashdriver
behaviordatathat is necessaryto take initial stepsat calculatingmeasuressuchas:

• The increasedrelativenear-crash/crashrisk for varioustypesof driver inattention
• The frequencyand prevalenceofdriver inattentionin a normalroadwayenvironment
• The typesof environmentalconditions in which driverschooseto engagein driving

inattention
• The impactof eyeglancebehavioron near-crash/crashrisk

Also, usingquestionnairedatafrom theparticipatingdrivers, initial attemptsto characterize
thosedriverswho areinvolved in inattention-relatedcrashesversusthosedriverswho are not
involved in inattention-relatedcrashescanalso beperformed.

Thepurposeofthis reportwasto conductin-depthanalysesofdriver inattentionusing the
driving datacollectedin the 100-CarStudy. Thesedataprovide uniqueopportunitiesfor
transportationresearchers,as datawerecollectedin 109 carsfor a periodof 12 to 13 monthsper
car. The datarepresentnormal,baselinedriving with all thenaturalstressandpressuresthat
occurin an urban environment.

For theanalysesconductedin this report,two reduceddatabaseswere used:the 100-CarStudy
eventdatabaseandthe baselinedatabase.

For theoriginal 100-CarStudy analyses,theeventdatabaseconsistedofcrashes,near-crashes,
and incidents,which weredefinedasfollows:



• Crash: Any physical contact betweenthe subject vehicle and another vehicle, fixed
object, pedestrian, cyclist, animal, etc.,as assessedby either the lateral or longitudinal
accelerometers.

• Near-crash: A conflict situation requiring a rapid, severe,evasivemaneuverto avoid a
crash.

• Incident:A conflict requiringan evasivemaneuver,but of lessermagnitudethana near-
crash.

The baselinedatabasewascreated specifically for this analysisby randomly selectinga
stratified sample of 20,0006-secondsegments,referred to asbaselineepochs.The methodused
to randomly stratify this samplewill be discussedin detail below.

This report will use the eventdatabase,the baselinedatabase,and the questionnaire data to
answerthe following six researchobjectives:

Objective 1. What are the prevalenceas well as the typesof driver inattentionin whichdrivers
engageduring their daily driving? What is the relative risk of a crash or near-crash while
engagingin an inattentive task? Doesthe relative risk differ for different typesof secondary
tasks?

Objective 2. What are the environmental conditions associatedwith a drivers’ choiceof engaging
in secondarytasksor driving while drowsy? What are the relative risks of a crashor near-crash
while engagingin driving inattention while encountering theseenvironmental conditions (e.g.,
time of day, road type, weatherconditions, passengersin the vehicle, etc.)?

Objective 3. Determine the differences in demographicdata, test battery results, and
performance-basedmeasuresbetween inattentive and attentive drivers? How might that
knowledge be used to mitigate the potential negative consequencesof inattentive driving
behaviors? Could this information be used to improve driver educationcoursesor traffic
schools?

Objective 4. What is the relationship betweenmeasuresobtained from pretest batteries (e.g.,a
life stresstest) and the frequency of engagementin distracting behaviorswhile driving? Does
there appear to be any correlation betweenwillingness to engagein distracting behaviors and life
stressscores,personality characteristics, or ability to focus attention?

Objective 5. Are there differences in driving performance for drivers who are engaging in an
inattentive task versusthosedrivers who are attending solely to the forward roadway?

Objective 6. Are there differences in driving performance for drivers who are engaging in a
distraction task versusthosedrivers who are attending to driving? Are someof the safety
surrogate measuresmore sensitiveto driving performance differenceswhen driving while
distracted versusother safety surrogate measures?
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Eachof thesesix researchobjectiveswill be presentedin a separatechapterwith resultsfrom the
dataanalysisandconclusions.The last chapterof the reportwill summarizeall key resultsand
conclusionsfrom this analysisandoutlinefuture directionsfor this research.

For a completedescriptionof the 100-CarStudy method,instrumentation,anddatacollection
procedure,refer to Dingusetal. (2005). In orderto providean abbreviateddescription,the
following descriptionis providedfrom the Neale,Klauer, Dingus, andGoodman(2005)report.

METHOD

Instrumentation

The 100-CarStudy instrumentationpackagewasengineeredby the Virginia TechTransportation
Institute (VTTI) to be rugged,durable,expandable,and unobtrusive.It constitutedthe seventh
generationof hardwareandsoftwaredevelopedovera IS-yearperiod that hasbeendeployedfor
a variety of purposes.The systemconsistedof a Pentium-basedcomputerthat receivesand
storesdatafrom a networkof sensorsdistributedaroundthe vehicle. Datastoragewasachieved
via the system’sharddrive, which was largeenoughto storedatafor severalweeksof driving
beforerequiringdatadownloading.

Eachof the sensingsubsystemsin the car was independentso anyfailuresthatoccurredwere
constrainedto a singlesensortype. Sensorsincluded:a vehiclenetworkbox that interactedwith
the vehiclenetwork,an accelerometerboxthatobtainedlongitudinalandlateral kinematic
information,a headwaydetectionsystemto provideinformation on leadingor following
vehicles,sideobstacledetectionto detectlateralconflicts, an incidentbox to allow driversto flag
incidentsfor the researchteam,a video-basedlane-trackingsystemto measurelane-keeping
behavior,andvideo to validateany sensor-basedfindings. The video subsystemwasparticularly
importantas it provideda continuouswindow into the happeningsin andaroundthe vehicle.
This subsystemincludedfive cameraviewsmonitoringthe driver’s faceanddriver sideof the
vehicle,the forwardview, the rearview, the passengersideof the vehicle,andanover-the-
shoulderview for the driver’s handsandsurroundingareas.An importantfeatureof the video
systemis that it wasdigital with software-controllablevideo compressioncapability. This
allowedsynchronization,simultaneousdisplay,andefficient archivingandretrievalof 100-Car
Studydata. A frameof compressed100-CarStudy videodatais shownin Figure 1.1.

The modularaspectof the data collectionsystemallowedfor integrationof instrumentationthat
was not essentialfor datacollection, but providedthe researchteamwith additional and
importantinformation. Thesesubsystemsincluded:automaticcollision notificationthat
informed the researchteamof the possibilityofa collision; cellularcommunicationsthat were
usedby the researchteamto communicatewith vehicleson the roadto determinesystemstatus
andposition;systeminitialization equipmentthat automaticallycontrolledsystemstatus;anda
GlobalPositioningSystem(GPS)subsystemthat collectedinformationon vehicleposition. The
GPSsubsystemandthe cellularcommunicationswere oftenusedin concertto allow for vehicle
localizationandtracking.



The systemincludedseveralmajorcomponentsand subsystemsthatwereinstalledon each
vehicle. Theseincludedthe maindataacquisitionsystem(DAS) unit thatwasmountedunder
the packageshelffor the sedans(Figure 1 .2) andbehindthe rearseatin the SUVs.

Doppler radarantennasweremountedbehindspecialplasticlicenseplateson the front andrear
of the vehicle(Figure 1.3). The locationbehindthe platesallowedthe vehicleinstrumentationto
remain inconspicuousto otherdrivers.

Figure 1.1. A compressedvideo imagefrom the100-CarStudydata. The driver’s face
(upperleft quadrant)is distortedto protectthe driver’s identity. The lower right quadrant

is split with the left-side (top) and the rear (bottom) views.
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Figure 1.2. The main DAS unit mounted under the “package shelf’ of the trunk.

Figure 1.3. Doppler radar antennamounted on the front of a vehicle, covered by a mock-
up of oneof the plastic licenseplatesusedfor the study.

The final major componentsin the 100-Car Study hardware installation were mounted aboveand
in front of the centerrear-viewmirror. Thesecomponentsincludedan “incident” pushbutton
box which houseda momentary pushbutton that the subject could presswheneveran unusual
event happenedin the driving environment. Pressingthe incident button would open an audio
channel which recorded the driver’s voiceexplaining the nature of the incident. Also contained
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in the housingwasan unobtrusiveminiaturecamerathat providedthe driver face view. The
camerawas invisible to the driver sinceit wasmountedbehinda “smoked”Plexiglascover.

Mountedbehindthe centermirror werethe forward-viewcameraandthe glaresensor(Figure
1.4). This locationwasselectedto be as unobtrusiveas possibleanddid not occludethe driver’s
normal field of view.

One-hundreddriverswho commutedinto or out of theNorthernVirginialWashington,DC,
metropolitanareawereinitially recruitedasprimarydriversto havetheir vehiclesinstrumented
or to receivea leasedvehiclefor this study. Driverswererecruitedby placingflyers on vehicles
as well as by placingannouncementsin the classifiedsectionof local newspapers.Driverswho
hadtheir privatevehiclesinstrumented(78) received$125 permonth andabonusat the endof
the studyfor completingnecessarypaperwork. Driverswho receiveda leasedvehicle (22)
receivedfree useof the vehicle,including standardmaintenance,andthesamebonusat the end
of the studyfor completingnecessarypaperwork.Driversof leasedvehicleswereinsuredunder
the Commonwealthof Virginia policy.

As somedrivers hadto be replacedfor variousreasons(for example,amovefrom the studyarea
or repeatedcrashesin leasedvehicles), 109 primarydriverswereincludedin the study. Since
otherfamily membersand friendswould occasionallydrive the instrumentedvehicles,datawere
collectedon 132 additionaldrivers.

Figure 1.4. The incident pushbutton box mounted abovethe rear-view mirror. The
portion on the right contains the driver-face/left-vehicle side camerahidden by a smoked

plexiglass cover.

Subjects
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A goalof this studywas to maximizethe potentialto recordcrashandnear-crasheventsthrough
the selectionof subjectswith higherthanaveragecrashor near-crashriskexposure.Exposure
wasmanipulatedthroughthe selectionof a largersampleof driversbelowthe ageof 25, andby
the selectionof a sampleof driverswho drovemore thanthe averagenumberof miles. The age
by genderdistributionof the primarydriversis shownin Table 1.1. The distributionof miles
driven by the subjectsduring the studyappearsas Table 1.2. As presented,thedataare
somewhatbiasedcomparedto the nationalaveragesin eachcase,basedon TransStats,2001.
Nevertheless,the distribution wasgenerallyrepresentativeof nationalaverageswhenviewed
acrossthe distributionof mileageswithin the TransStatsdata.

One demographicissuewith the 100-CarStudy datasamplethat needsto be understoodis that
the data werecollectedin only oneregion (i.e., NorthernVirginialWashington,DC, metropolitan
area). Thisarearepresentsprimarily urbanandsuburbandriving conditions,often in moderateto
heavytraffic. Thus,rural driving, aswell as differing demographicswithin the UnitedStates,are
not well represented.

Table 1.1. Driver ageand gender distributions.

Gender

Age
~I~T79~lT

Percent Percent

Grand
Total

18-20 9
8.3%

7
6.4%

16
14.7%

21-24 11
10.1%

10
9.2%

21
19.3%

25-34 7
6.4%

12
11.0%

19
17.4%

35-44 4
3.7%

16
14.7%

20
18.3%

45-54 7
6.4%

13
11.9%

20
18.3%

ss+ 5
4.6%

8
7.3%

13
11.9%

109
100.0%

Total N
Total %

43
39.4%

66
60.6%
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Table 1.2. Actual miles driven during the study.

Actual
miles
driven

Number
of

Drivers

Percent
of

Drivers
0-9,000 29 26.6%
9,001-
12,000

22 20.2%

12,001-
15,000

26

11

23.9%

15,001-
18,000

10.1%

18,001-
21,000

8 7.3%

More
than
21,000

13 11.9%

A goalof the recruitmentprocesswas to attemptto avoidextremedrivers in eitherdirection (i.e.,
very safeor very unsafe).Self-reportedhistorical dataindicatethatareasonablydiverse
distributionof driverswasobtained.

Vehicles

Sinceover 100 vehicleshad to be instrumentedwith a numberof sensorsanddatacollection
hardwareandthe complexityof the hardwarerequireda numberof custommountingbracketsto
be manufactured,the numberof vehicle typeshadto be limited for this study. Six vehicle
modelswereselectedbasedupontheir prevalencein the NorthernVirginia area. Theseincluded
five sedanmodels(ChevroletMalibu andCavalier,ToyotaCamryandCorolla, andFordTaurus)
andone SUV model(Ford Explorer). Themodel yearswerelimited to thosewith commonbody
typesandaccessiblevehicle networks(generally 1995 to 2003). The distributionof these
vehicletypeswas:

• ToyotaCamry— 17 percent
• ToyotaCorolla— 18 percent
• ChevyCavalier— 17 percent
• ChevyMalibu —21 percent
• FordTaurus— 12 percent
• FordExplorer— I 5 percent

PROCEDURE FOR DATA REDUCTION: 100-CARSTUDY EVENT DATABASE

Datareductionfor the 100-CarNaturalisticDriving Studyaswell as for thesecurrentanalyses
refersto a processof recordingspecificvariablesbasedupon reviewof the video. This data
reductionprocesswill be discussedin detail in the following sections.
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SensitivityAnalysis
As statedin Dinguset al. (2005), datawerecollectedcontinuouslyon boardthe instrumented
vehicles. As projectresourcesdid not allow for the reviewof all the data, a sensitivityanalysis
wasconductedto establishpost-hoc“triggers.” A post-hoctrigger useseitherasinglesignature
(e.g., anylateralaccelerationvaluegreaterthan±0,6g) or multiple signatures(e.g., forwardTTC
value> 3 secondsplus a longitudinaldecelerationvalue> -0.5 g) in the driving performancedata
streamto identilS’ thosepointsin time whenit was likely thata driver was involved in an
incident,near-crash,or crash.

Figure 1.5 showsthe datareductionplanin a
savedon the networkattachedstorage(NAS)
datawascollected. At that time, a sensitivity
triggercriteria.

flow chartformat. Rawdatafrom eachvehiclewas
unit at VTTI until approximately10 percentof the
analysiswasperformedto establishpost-hoc

The sensitivityanalysiswasperformedby settingthe trigger criteriato a very liberal level,
ensuringthat thechanceof a missedvalid eventwasminimal while allowing a high numberof
invalid events(falsealarms)to be identified (seeFigure 1.6). Datareductioniststhenviewedall
of the eventsproducedfrom the liberal trigger criteria andclassifiedeacheventas valid or
invalid. The numbersof valid eventsandinvalid eventsthatresultedfrom this baselinesetting
were recorded.

Figure 1.5. Flow chart of the data reduction process.
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The trigger criteriafor eachdependentvariablewas thensetto a slightly moreconservativelevel
andthe resultingnumberof valid andinvalid eventswascountedandcomparedto the first
frequencycount. The triggercriteria weremademoreandmoreconservativeandthe numberof
valid and invalid triggerscountedandcompareduntil an optimumtrigger criteria valuewas
determined(a level which resultedin a minimal amountof valid eventslost andareasonable
amountof invalid eventsidentified). The goal in this sensitivityanalysiswas to obtaina miss
rateof lessthan 10 percentanda false-alarmrateof lessthan30 percent. Therefore,the data
reductionistswould be presentedwith nearlyall valid eventsbut would haveto rejectlessthan
30 percentof the eventsthatthey reviewed. The list of dependentvariablesultimately usedas
triggersusedto identify crashes,near-crashes,andincidentsis presentedin Table 1.3.

Figure 1.6. Graphical depiction of trigger criteria settingsfor PhaseII and PhaseIV using
the distribution of valid events. Note that this distribution andcriterion placementis

unique for eachtrigger type.

10



Table 1.3. Dependentvariables usedasevent triggers.

TRIGGER DESCRIPTION
TYPE

1. Lateral
acceleration

• Lateral motion equalto or greaterthan0.7 g.

2. Longitudinal
acceleration

• Accelerationor decelerationequalto or greaterthanO.6g.
• Accelerationor decelerationequal to or greaterthan 0.5 gcoupledwith aforward TTC of

4 secondsor less.
• All longitudinal decelerationsbetween0.4g and0.5 g coupledwith a forwardTTC value

ofs4 secondsandthatthecorrespondingforward rangevalue at theminimum TTC is
not greaterthan 100 ft.

3. Eventbutton • Activatedby the driver by pressingabuttonlocatedon thedashboardwhen anevent
occurredthathe/shedeemedcritical.

4. Forwardtime-
to-collision

• Accelerationor decelerationequalto or greaterthan0.5 g coupledwith aforward‘FTC of
4 secondsor less.

• All longitudinal decelerationsbetween0.4 g and0.5 gcoupledwith aforward TTC value
of s4 secondsandthatthe correspondingforward rangevalue at theminimum TTC is
not greaterthan 100 ft.

5. Reartime-to-
collision

• Any rearTTC triggervalueof 2 secondsor lessthatalso hasacorrespondingrearrange
distanceof s50 feetandany rearTTC triggervalue in which theabsoluteaccelerationof
the following vehicle is greaterthan0.3 g.

6. Yaw rate • Any valuegreaterthanor equalto aplus andminus4-degreechangein heading(i.e.,
vehiclemustreturn to the samegeneraldirectionoftravel)within a3-secondwindowof
time.

Basedon datafrom pastVTTI studies,it wasoriginally hypothesizedthat as many as 26 crashes,
520 near-crashes,andover25,000incidents(crash-relevantconflictsandproximity conflicts)
would be collected. Howevermanyof theseearlyestimateswerebasedon long-haul-truck-
driving data. It wassoondiscovered,afterthe sensitivity analysisprocessbeganthat the
variability in light-vehicledrivers’ braking,acceleration,andsteeringbehavioris much larger
than with truck drivers. Thesedifferencesin variability areprimarily dueto the differencesin
vehicledynamicsandthe moreuniformdriving skill of commercialtruck drivers. Whilegreater
variability wasexpectedfor light-vehicledrivers, the highdegreeof variability that wasobserved
was a very interestingresult.

Giventhe variability in light-vehicledriving performance,the sensitivityanalysisprovedto be
challenging. VTTI researchersdeterminedthat the bestoption was to accepta very low miss
ratewhile acceptinga fairly highfalse alarmrateto ensurethatfew valid eventsweremissed.
This resultedin viewing over 110,000triggers in orderto validate9,125events.The distribution
of thetotal numberof reducedeventsby severityis shownin Table 1.4.

Table 1.4. The total number of eventsreducedfor eachseverity level.

EventSeverity Total Number
Crash 69

(plus 13 without completedata)

Near-crash 761
Incidents(Crash-relevantConflicts andProximity 8,295
Conflicts)
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Oncethe triggercriteria wereset,datareductionistswatched90-secondepochsfor eachevent
(60 secondsprior to and30 secondsafter), reducedandrecordedinformationconcerningthe
natureof the event,driving behaviorprior to the event,the stateof the driver, the surrounding
environment,etc. The specificvariablesrecordedin the datareductionprocessaredescribedin
detail in the datareductionsoftwareframework sectionof thischapter.

Recruiting and Training Data Reductionists

Basedupon pastexperience,it wasestimatedthat reductionistswould be ableto completean
averageof four eventsperhour. Fourteendatareductionistswererecruitedby postingflyers and
sendingnoticesto variousgraduatestudentlistservson the Virginia Techcampus.The data
reductionmanagerinterviewed,hired,andtrainedthe datareductionistson how to accessthe
datafrom the serverandoperatethe datareductionsoftware.Trainingwasalsoprovidedon all
relevantoperationalandadministrativeprocedures(approximately4 hours). Themanagergave
eachdatareductionistadatareductionmanualto guidehim or her in learningthe softwareand
reductionprocedures.All analysttraineespracticeddatareductionprocedureswith another
trainedanalystprior to reducingdata independently.After eachtraineefelt comfortablewith the
process,the traineeworkedaloneunderthe supervisionof the data reductionmanager.Oncethe
traineeandmanagerfelt confidentof the analyst’sabilities, the analystbeganworking
independentlywith “spot check” monitoringfrom the projectleaderandotherreductionists.The
data reductionistswereresponsiblefor analyzinga minimumnumberof eventsper weekand
wererequiredto attendweeklydata reductionmeetingsto discussissuesthataroseduring the
data reductionprocess.

The datareductionistsperformedtwo generaltaskswhile creatingthe eventdatabase. On the
first 10 to 15 percentof thedata,theyperformeda preliminarydata-reductiontask in which they
viewedeventsto determinewhetherthe eventwasvalid or invalid. If invalid, theythen
determinedthe severityof the event. After thetrigger criteria was setusingthe resultsfrom the
sensitivityanalysis,the datareductionistsvalidatedthe data,determinedseverity,andperformed
a full datareduction. For the full data-reductionprocess,theyrecordedall of the required
variables(discussedbelow) for the eventtype.

Event DatabaseReduction Software Framework

The datareductionframeworkfor the eventdatabasewasdevelopedto identify variousdriving
behaviorandenvironmentalcharacteristicsfor four levels of eventseverity:crashes,near-
crashes,crash-relevantconflicts,andproximity conflicts. The operationaldefinitions for these
severitylevelsarepresentedin Table 1.5. The variablesrecordedwere selectedbaseduponpast
instrumented-vehiclestudies(Hanowskiet al., 2000;Dingusci al., 2002),nationalcrash
databases(GeneralEstimatesSystem[GES] andFatalityAnalysisReportingSystem[FARS]),
andquestionson Virginia State Policeaccidentreports. Using this technique,the reduced
databasecanbe usedto directly comparecrashdata from GESandFARSto thosecrashes,near-
crashes,and incidents(crash-relevantconflictsand proximity conflicts) identified in this dataset.
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Table 13. Operational Definitions for All Event Severity Levels

Severity Level Operational Definition
Crash Any contact with anobject, eithermovingor fixed, at anyspeed

in which kineticenergyis measurablytransferredor dissipated.
Includesothervehicles,roadsidebarriers,objectson or off of the
roadway,pedestrians,cyclists,animals,etc.

Near-Crash Any circumstancethat requiresarapid, evasivemaneuverby the
subjectvehicle,or anyothervehicle,pedestrian,cyclist, or animal
to avoida crash. A rapid,evasivemaneuveris definedasa
steering,braking, accelerating,or any combinationof control
inputsthatapproachesthe limits of the vehiclecapabilities.

Crash-Relevant
Conflict

Any circumstancethat requiresa crash-avoidanceresponseon the
part of the subjectvehicle,anyothervehicle,pedestrian,cyclist,
or animalthat is lessseverethana rapidevasivemaneuver(as
definedabove),but greaterin severitythana “normal maneuver”
to avoid a crash.A crashavoidanceresponsecaninclude
braking,steering,accelerating,or anycombinationof control
inputs. A “normal maneuver”for the subjectvehicleis definedas
a control input that fallsoutsideof the 95 percentconfidencelimit
for control input as measuredfor the samesubject.

Proximity Conflict Any circumstanceresultingin extraordinarilycloseproximity of
the subjectvehicleto anyothervehicle,pedestrian,cyclist,
animal,or fixed objectwhere,dueto apparentunawarenesson the
part of thedriver, pedestrians,cyclists,or animals,thereis no
avoidancemaneuveror response.Extraordinarilycloseproximity
is definedas a clearcasewherethe absenceof anavoidance
maneuveror responseis inappropriatefor the driving
circumstances(including speed,sight distance,etc.).

The generalmethodfor datareductionwas to havetraineddatareductionistsview thevideo data
andrecordthe batteryof variablesfor all valid events.The datareductionmanagerandproject
managerperformedall datareductionon the near-crashesandcrashes.Varying levelsof detail
were recordedfor eachtypeof event. Crash-relevantconflictsandproximity conflictshavethe
leastamountof informationrecordedandnear-crashesandcrasheshavethe mostinformation
recorded. A total of four areasof datareductionwererecordedfor eacheventtype. Thesefour
areasinclude: vehiclevariables,eventvariables,environmentalvariables,anddriver state
variables. Table 1.6 defineseachareaof data reduction,providesexamples,anddescribes
additional featuresof the data reduction. The completelist of all variablesreducedduring data
reductionis shownin AppendixC.
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Table 1.6. Areas of data reduction, definition of the area, and examples.

Area of Data
Reduction

Definition Example

Vehicle
Variables

All of thedescriptivevariablesincluding the vehicle
identificationnumber,vehicletype,ownership,andthose
variablescollectedspecifically for thatvehicle,suchas
vehiclemiles traveled(VMT~

VehicleID, Vehicletype, Driver type
(leasedor private), andVMT.

Event
Variables

Descriptionof thesequenceof actionsinvolved in each
event,list of contributing factors,andsafetyor legality of
theseactions.

Natureof Event!Crashtype,Pre-event
maneuver,PrecipitatingFactors,
Correctiveaction/Evasivemaneuver,
Contributing Factors,Typesof
Inattention,Driver impairment,etc.

Environmental
Variables

Generaldescriptionof the immediateenvironment,
roadway,andany othervehicleat themomentof the
incident, near-crash,or crash- Any of thesevariablesmay
or maynot havecontributedto theevent,near-crashor
crash.

Weather,ambientlighting, roadtype,
traffic density, relation to junction,
surfacecondition, traffic flow, etc.

Driver’s State Descriptionofthe instrumented-vehicledriver’s physical
state.

Handson wheel,seatbelt usage,fault
assignment,eyeglance,PERCLOS,
etc.

Driver/Vehicle
2

Descriptionof the vehicle(s)in thegeneralvicinity of the
instrumentedvehicleandthevehicle’s action.

Vehicle2 body style,maneuver,
correctiveactionattempted,etc.

Narrative Written descriptionof theentireevent.
Dynamic
reconstruction

Creationof an animateddepictionof theevent.
I

BaselineDatabaseFramework

The baselinedatabasewascomprisedof approximately20,0006-secondsegmentswherethe
vehiclemaintaineda velocity greaterthan5 mph(referredto asan epoch). Kinematictriggers
on driving performancedatawerenot usedto selectthesebaselineepochs. The epochswere
selectedat randomthroughoutthe 12- to 13-monthdatacollectionperiodper vehicle. A 6-
secondsegmentof timewas usedas thiswasthe time frameusedby datareductioniststo
ascertainwhetheraparticularsecondarytaskwasa contributingfactorfor eachcrash,near-crash,
and incident. Forexample,a driver hadto takea biteof a sandwich5 secondsprior to or I
secondafter the onsetof the conflict for the activity to be considereda contributingfactorto the
crash,near-crash,or incident.

Eachbaselineepochwas randomly selectedfrom the 12-13monthsof datacollectedon each
vehicle. However,the numberof baselineepochsselectedper vehiclewas stratified as a
proportionalsamplebasedupon vehicle involvementin crashes,near-crashes,andincidents.This
stratification,basedon frequencyof crash,near-crash,and incidentinvolvementwas conducted
to createa case-controldatasetin which multiple baselineepochsarepresentto compareto each
crashandnear-crash.Case-controldesignsareoptimal for calculatingoddsratios(alsoreferred
to as relativenear-crash/crashrisk) dueto the increasedpowerthata case-controldataset
possesses.Greenberget al. (2001)arguethat usinga case-controldesignallows for an efficient
meansto studyrareevents,suchas automobilecrashes,eventhoughsmallersamplesizesare
used.Giventhat relativenear-crash/crashrisk calculationswereanobjectiveof the following
analyses,the creationof a case-controldataset wasdeemedimportant.
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Consideringthat the numberof baselineepochswasdependentuponthe numberof crashes,
near-crashes,and incidentsof vehicleinvolvement,not driver involvement,an analysiswas
conductedto determinethe percentageof eventsandbaselineepochsthat wereattributableto the
primarydriver andsecondarydriver. Theresultsindicatedthat 89.6 percentof all eventsand
88.2 percentof all baselineepochswereprimarydrivers. Therefore,eventhoughthe baselines
wereselectedbaseduponvehicleinvolvement,the vastmajority of crashesandnear-crashesas
well as baselineepochswereprimary drivers.

Fourvehiclesdid not haveanycrashes,near-crashes,or incidentsandwerethereforeeliminated
from the baselinedatabase.The reasonsthat thesefour vehiclesdid not containa singlecrash,
near-crash,or incident includedvery low mileagedueto driver attrition (2 vehicles),frequent
mechanicalmalfunctions(I vehicle),andexcellentdriverperformance(I vehicle).

Figure 1.7 showsthe numberof eventsthateachvehiclewas involved(y-axis)andthe
correspondingnumberof baselineepochsthat wereidentified forthat vehicle(x-axis).Note that
the vehiclesthatwereinvolved in multiple crashes,near-crashes,andincidentsalsohada larger
numberof baselineepochs.

Therearetwo datapointson the far right sideof the figure. Thesetwo datapointsrepresenttwo
femaledrivers, 18 and41 yearsof age,respectively.The 18-year-oldfemalewas involved in 3
crashes,53 near-crashes,and401 incidents. The 41-year-oldfemalewas involved in 4 crashes,
56 near-crashes,and449 incidents. Both driverswereover-representedin their crash,near-crash
andincidentinvolvement.

Figure 1.7. The frequency of eachvehicle’s involvement in crash, near-crash,and incident
eventsversusthe number of baselineepochsselectedfor eachvehicle.
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Thebaselinedatabasewill be usedin the assessmentof the prevalenceof varioustypesof
inattentivedriving. This will determinethe relativenear-crash/crashrisk for eachof thesetypes
of inattentionas well as the percentageof crashesandnear-crashesin the populationthat are
attributableto thesetypesof inattention. While the readershouldkeepin mind thatthe baseline
epochswerestratified, this doesnot reducethe generalizabilityof the dataanalysisfor the
following reasons:

1) 99 of 103 vehiclesare represented in the 20,000baselineepochs;
2) 101 out of 109primarydriversarerepresentedin the baselineepochs;
3) multiple driversdroveeachvehicle;and
4) no environmentalor driverbehaviordatawasusedin the stratification.

The variablesthat wererecordedfor the20,000baselineepochsincludedvehicle,environmental,
andmostdriver-statevariables. In addition,eyeglanceanalyseswereperformedfor 5,000
randomlyselectedbaselineepochsfrom the 20,000baselineepochs.These5,000baseline
epochsalso representdatafrom all 99 vehiclesand 101 primarydrivers.

The eventvariables (number 2 in Table 1 .7) were not recorded for the baselineepochsas these
variables(e.g.,precipitatingfactor, evasivemaneuver)werenot presentwhenan incident,near-
crash,or crashdid not occur. Table 1.7 showsthe breakdownof the typeof datathat currently
exists as part of the original 100-CarStudyeventdatabaseand the baselinedatabase.

Table 1.7. Description of the databasescreatedfor the inattention analysis.

fl
1.

100-Car Study Event Database
Vehiclevariables

BaselineDatabase(epochs)
Vehicle variables

2. Event variables N/A
3. EnvironmentalVariables EnvironmentalVariables
4. Driver-state Variables Driver-state Variables

Eyeglancedata(crashes,near-
crashes,and incidents)

Eyeglancedataon 5,000randomly
selectedbaselineinattentionevents.

ObserverRating of Drowsiness
(ORD) for Crashesand Near-
crashes

Drowsinesswasmarkedyes/nowith
“yes” = ORD of 60 or above.

5. Driver/Vehicle2 N/A
10. Narrative N/A

Data Reduction Inter- and Intra-Rater Reliability for the 100-Car Study Event Database

Training procedureswere implemented to improve both inter- and intra-rater reliability given
that data reductionistswere askedto perform subjectivejudgments on the video and driving data.
Reliability testing was then conducted to measurethe resulting inter- and intra-rater reliability.

First, data-reductionist managersperformed spot checksof the reductionists’ work, monitoring
both event validity judgments as well as recording all databasevariables. Reductionistsalso
performed 30 mm of spot-checksof their own or other reductionists’ work every week. This was
done to ensure accuracy but also to allow reductioniststhe opportunity to view- other
reductionists’ work. It wasanticipated that this would encourageeach reductionist to modify his
or her own work and to improve consistencyin decision-makingtechniquesacrossall
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reductionists.Mandatoryweeklymeetingswere heldto discussissuesconcerningdatareduction
techniques.Issueswereusuallyidentified by thespot-checkingactivitiesof the reductionist
managersandthe reductionists,or specificdifficult eventsthat the reductionistshadencountered.
Thesemeetingsprovidediterativeandongoingreductiontraining throughoutthe entiredata
reductionprocess.

To determinehow- successfulthesetechniqueswere,an inter- and intra-raterreliability testwas
conductedduring the last 3 monthsof datareduction. Threereliability testsweredeveloped
(eachcontaining20 events)for which the reductionistwas requiredto makevalidity judgments.
Threeof the 20 eventswerealsocompletelyreducedin that the reductionistrecorded
informationfor all reductionvariables(i.e.,eventvariables,driver-statevariables,and
environmentalvariablesas opposedto simply markingseverityof event). Threeof the test
eventson TestI wererepeatedon Test2 andthreeothereventswereduplicatedbetweenTests2
and3 to obtaina measureof intra-raterreliability.

Using the expertreductionists’evaluationsof eachepochas a “gold” standard,the percent
correctwascalculatedfor eachrater’s test. The measuresfor eachrater for eachtestingperiod,
alongwith a compositemeasure,canbe found in Table 1.8.

Table 1.8. Percentageagreementwith expert reductionists.

Rater Test 1 Percent Test 2 Percent Test 3 Percent

1 78.3 87.5 91.3

2 65.2 70.8 78.3

3 tOO 91.7 95.7

4 100 91.7 87.0

5 100 83.3 87.0
6 95.7 87.5 91.3

7 91.3 87.5 91.3

8 91.3 91.7 91.3

9 95.7 70.8 91.3

10 95.7 91.7 87.0

II 95.7 87.5 100
12 78.3 87.5 87.0

13 87.0 83.3 96.0
14 78.3 83.3 91.3

Average
(acrossall tests) 88.4

The Kappastatisticwasalsousedto calculateinter-raterreliability. Althoughthereis
controversysurroundingthe usefulnessof the Kappastatistic, it is viewedby many researchers
as the standardfor raterassessment(e.g.,CicchettiandFeinstein,1990). The Kappacoefficient
(K = 0.65, p <0.0001) indicatedthatthe associationamongratersis significant. While the
coefficient value is somewhatlow, given the highly subjectivenatureof the task,the numberof
ratersinvolved,andthe conservativenatureof this statistic,the Kappacalculationprobablyerrs
on the low side.

‘7





A tetrachoriccorrelationcoefficient is a statisticalcalculationof inter-raterreliability basedon
the assumptionthatthe latenttrait underlyingtherating scaleis continuousandnormally
distributed. Basedon this assumption,the tetrachoriccorrelationcoefficient can be interpreted
in the samemanneras a correlationcoefficient calculatedon a continuousscale. The averageof
the pair-wisecorrelationcoefficientsfor the inter-rateranalysisis 0.86. The coefficientsforthe
intra-rateranalysiswereextremelyhigh with nineratersachievinga correlationof 1 .0 amongthe
threereliability testsandfive ratersachievinga correlationof 0.99.

Giventhesethreemethodsof calculatinginter-raterreliability, it appearsthat the datareduction
training coupledwith spot-checkingandweekly meetingsprovedto be an effectivemethodfor
achievinghighinter- andintra-raterreliability.

BaselineDatabase
Inter-raterreliability testswere alsoconductedfor the baselineevents.All traineddata
reductionistsweregiven a randomsampleof 25 baselineepochsto view andrecordthe
secondarytasks,driving-relatedinattentionbehaviors,and moderateto severedrowsiness.The
reductionists’responseswerethencomparedto an expertdata reductionist’sresponses.The
resultsindicatedan averageof 88 percentaccuracyamongall the datareductionists.Giventhat
the Kappacoefficient andthe tetrachoriccorrelationcoefficientdid not provideadditional
information,thesetestswerenot conductedon the baselineinter-raterreliability test.

SURVEYS, QUESTIONNAIRES AND PERFORMANCE-BASED TESTS
As partof the 100-CarStudy,the primarydrivers wereadministeredquestionnairesand
performance-basedtestseitherprior to data collectionor postdatacollection(dependentupon
the typeof test). Table 1.9 providesa list anddescriptionof eachtypeof questionnaireand
performance-basedtest that was completed.A copy of all questionnairesandsurveysis located
in Appendix B.
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Table 1.9. Description of questionnaireand computer-basedtestsusedfor the 100-Car
Study.

1.

2.

Nameof Testing
Procedure

Typeof Test Time test was
administered

Brief description

Driver demographic
information

Paper/pencil In-processing Generalinformationon drivers
age,gender,etc.

Driving History Paper/pencil In-processing General informationon recent
traffic violations andrecent
collisions.

3. Healthassessment
questionnaire

Paper/pencil In-processing List of varietyof
illnesses/medicalconditions/or
anyprescriptionsthatmayaffect
driving performance.

4. Dula Dangerous
Driving Index

Paper/pencil In-processing Onescorethatdescribesdriver’s
tendenciestowardaggressive
driving.

5. SleepHygiene Paper/pencil In-processing List of questionsthat provide
informationaboutdriver’s
generalsleephabits/substance
use/sleepdisorders.

6. Driver StressInventory Paper/Pencil In-processing Onescorethat describesthe
perceivedstresslevelsdrivers
experienceduring their daily
commutes.

7. Life StressInventory Paper/pencil In-processing/Out-
processing

Onescorethatdescribesdrivers
stresslevelsbaseduponthe
occurrenceof majorlife events.

8.

9.

Useful Field-of-View Computer-
basedtest

In-processing Assessmentof driver’scentral
vision andprocessingspeed,
divided andselectiveattention.

Waypoint Computer-
basedtest

In-processing Assessmentof thespeedof
informationprocessingand
vigilance.

10. NEO-FFI Paper/pencil In-processing Personalitytest.
II. Generaldebrief

questionnaire
Paper/pencil Out-processing List of questionsrangingfrom

seatbeltuse,driving under the
influence, and administration of
experiment.
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CHAPTER 2: OBJECTIVE!, WHAT IS THE PREVALENCE AS WELL AS THE
TYPES OF DRIVER INATTENTION IN WHICH DRIVERS ENGAGE DURING THEIR
DAILY DRIVING? WHAT IS THE RELATIVE NEAR-CRASH/CRASH RISK OF
DRIVING WHILE ENGAGING IN AN INATTENTIVE TASK? IS THE RELATIVE
NEAR-CRASH/CRASH RISK DIFFEREST FOR DIFFERENT TYPES OF
SECONDARY TASKS?

During data reduction it becameapparentthat thereweremanyrear-endandrun-off-road
collisions that occurred primarily becausethe driver looked away from the forward roadwayat a
critical point. In order to conduct defined analyseson theseevents,separatecategoriesof driver
inattentionweredeveloped.Throughoutthis document,driver inattention is broadly definedas
anypoint in time thata driverengagesin a secondarytask,exhibitssymptomsof moderateto
severedrowsiness,or looksawayfrom the forwardroadway.Thesecategoriesof driver
inattentionareoperationallydefinedas follow-s.

• Secondatytaskdistraction— driver behaviorthatdivertsthe driver’s attentionaway
from the driving task. This mayincludetalking/listeningto hand-helddevice,eating,
talking to a passenger,etc. A completelist of all secondarytaskdistractionsis
provided in AppendixA.

• Driving-related inattentionto theJ’orwardroadway— driver behaviorthat is directly
relatedto the driving taskbut divertsdriver’s attentionawayfrom the forwardfield of
view. This includesreductionistsobservingdriverscheckingthe speedometer,
checkingblind spots,observingadjacenttraffic priorto or duringa lanechange,
looking for aparkingspot,andcheckingmirrors.

• Drowsiness— driverbehaviorthat includeseyeclosures,minimal body/eye
movement,repeatedyawning, and/orotherbehaviorsbasedupon thosedefinedby
Wierwille andEllsworth(1994).

• Non-spec~fIceyeglanceawayfrom theforward roadway driver behaviorthat
includesmomentswhenthe driver glances,usuallymomentarily,awayfrom the
roadway,but at no discernableobject,person,or unknownlocation. Eyeglance
reductionandanalysisof theseeventswas donefor crashes,near-crashes,incidents,
and5,000of the baselineevents.

Thetermsdriver inattentionand driverdistractionhavebeenusedthroughoutthe transportation
literatureseparatelyat timesandinterchangeablyat othertimes,referringto different typesof
driver inattention. In this report, the term driver inattentionwill refer to a broaderscopeof
behaviorsas definedabove. The term driverdistraction,whenused,will referonly to
secondary-taskengagement.

The frequencyof occurrence,the relativenear-crash/crashrisk, andpopulationattributablerisk
percentagefor eachof theseassociatedtypesof inattentionwill be determinedin this chapter.

Driver DataIncludedin the Analysis

For the analysesin this chapter,crashesandnear-crashesonly will be used(incidentswill be
excludedfrom the analyses).In Chapter6, Objective2 of the 100-CarStudyFinal Report,the
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analysesindicatedthat the kinematicsignaturesof both crashesandnear-crasheswerenearly
identical; whereasthe kinematic signatureof incidentswasmorevariable. Giventhis resultand
the needto increasestatisticalpower,the datafrom both crashesandnear-crasheswill be usedin
thecalculationof relativerisk.

Pleasenotethat secondarytasks,driving-relatedinattentionto the forwardroadway,and
drowsinesswereall recordedfor crashandnear-crasheventsas well as baselineepochs.
Eyeglancedata,on the otherhand,was recordedfor all eventsand 5,000of the baselineepochs
(25 percentof the baselineepochs).Therefore,all analysesthatareconductedrequiring
eyeglancedatawill useonly the 5,000baselineepochs. All otheranalysesutilize the entire
baselinedatabase.Pleasenotethat the5,000baselineepochsthatcontaineyeglancedataalso
represent99 vehiclesand 101 primarydriverswhich is identicalto the numberof vehiclesand
primarydrivers representedin all 20,000baselineepochs.

Recall from Chapter1 thatthe baselinedatabaseconsistedof a stratifiedrandomsampleof
epochs.This stratificationwasperformedto providea case-controldatasetwhich possesses
greaterstatisticalpowerfor the calculationof relativenear-crashlcrashrisk.

QUESTION 1. WHAT IS THE RELATIVE FREQUENCY OF A DRIVER BEING
LABELED INATTENTIVE VERSUS ATTENTIVE?

To determinethe relativefrequencyof inattention,the baselineepochswereanalyzedto assess
the frequencyin which driverswereengagingin inattention-relatedtasksduring normal,baseline
driving. While taskdurationwas not recorded,the fact that 73 percentof all 6-secondsegments
containedat leastoneform of driving inattentionindicatesthatdriversareengagingin secondary
tasks,driving while drowsy,or looking awayfrom the forwardroadwayvery frequently.

QUESTION 2. WHAT IS THE RELATIVE FREQUENCY OF EACH TYPE OF
DRIVER INATTENTION BEING LABELED AS A CONTRIBUTING FACTOR FOR
CRASHES,NEAR-CRASHES, AND/OR PRESENT IN BASELINE EPOCHS?

Two comparisonswereperformedon differentsubsetsof data. First,acomparisonwas
conductedof the four typesof inattentionfor the crashesandnear-crashesversusthe 5,000
baselineepochs. Second,a separatecomparisonof threetypesof inattention,secondarytask
drowsiness,and driving-relatedinattentionto theforward roadway,for all 20,000baseline
epochsandcrashesandnear-crasheswasconductedto assessthefrequencyanalysisfor the
entiredataset.

Figure2.1 showsthe percentageof the total numberof crashes,near-crashes,andbaseline
epochsthat wereinattention-related.Pleasenotethat 78 percentof all crashes,65 percentof all
near-crashes,and73 percentof all 20,000baselineepochscontainedat leastoneof the four types
of inattention. Therefore,thesumof all of the barsrepresentingcrashesis equalto 78.

Eacheventandepochis presentedin the figure by typeof inattentionand/orcombinationof
inattentionbecausemanyof the eventsandepochscontainedmultiple typesof driving
inattention. Pleasenotethatsecondarytaskdriving-relatedinattention,and driver drowsiness
werethe most frequentcontributingfactorsfor the crashesandnear-crashes.Alsonotethat
secondarytaskandcombinationsthereofwere the mostfrequenttypesof inattentionobserved
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for baselineepochs. Drowsinessoccurredfar lessfrequentlyfor the baselineepochsthan for the
crashesandnear-crashes.The non-specUiceyeglancecategoryoccurredmostfrequentlyin
donjunctionwith secondarytasksanddriving-relatedinattention,and only accountedfor an
additional2 percentof the baselineepochsby itself

Figure2. I showsthatnon-spec~1iceyeglancemostcommonlyoccurredin conjunctionwith other
sourcesof driver inattentionfor the baselineepochs.For crashesandnear-crashes,therewere
higherpercentagesof eventswherenon-spec~ticeyeglance,by itself, was a contributingfactor.
Thisresult will be morefully analyzedlater in thischapter.

lype of Inattention

Figure 2.1. The percentageof the total number of crashesand near-crashesidentified in
the 100-Car Study and the percentageof the total number of baselineepochsin which these
four types of inattention were identified asa contributing factor (N = 69 crashes,761 near-

crashes,and 4,977baselineepochs).

Comparisonswerethen conductedwithout the non-spec~Iceyeglanceinattention category for
crashes,near-crashes,and baselineepochsto obtain a complete picture of the frequency of
inattention categoriesfor all 20,000baselineepochs. Without non-spec(JIceyeglance,the
combinationsof inattention-typearefewer. Forexample,the secondarytaskplus non-specQ’Ic
eyeglancecategoryin Figure2.1 is now includedwith thesecondarytaskcategoryin Figure 2.2.
Secondarytasksarestill the most frequenttypeof inattentionfor crashesandnear-crashes,
followed by driving-relatedinattentionto theforwardroadwayand drowsiness.

Note that the baselineepochsaresimilarto crashesandnear-crashesin that secondarytasksare
againthe most frequent;followed by driving-relatedinattentionto theforward roadwayand
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combinationsof thesetwo typesof inattention. Drowsiness,however,wasobservedin lessthan
2.2 percentof all baselineepochs.This is avery interestingfinding whencomparing
drowsinessis low baseline-epochpercentageto the muchhigherpercentagein crashesandnear-
crashes.Thismay indicatethat driver drowsinessmaysignificantly increasenear-crash/crash
risk. Also of interestis the high frequencyof driving-relatedinattentionto theforward roadway
for the baselineepochs. This categoryis presentin 27 percent(summedacrosscategories)of the
baselineepochsbut only 14 percentof the crashesandnear-crashes.In thiscase,relativenear-
crash/crashrisk due to driving-relatedinattentionto theforwardroadwaymaybe very low.
Oddsratioswill bepresentedfor all typesof inattention in the nextsection.

Figure 2.2. The percentageof crashesand near-crashesin which three types of inattention
were identified asa contributing factor (N = 69 crashes,761 near-crashes,and 19,827

baselineepochs).

QUESTION 3. DETERMINE THE RELATIVE NEAR-CRASHJCRASH RISK AND THE
POPULATION ATTRIBUTABLE RISK PERCENTAGE FOR EACH TYPE OF
INATTENTION. WHAT IS THE RELATIVE RISK FOR DIFFERENT TYPES OF
SECONDARY TASKS?

Using the baselinedataas a measureof non-eventexposure,odds ratios were calculated to obtain
anestimateof relativenear-crash/crashrisk for eachof the four typesof inattention. In addition,
populationattributablerisk percentageswerecalculatedto determinethe percentageof crashes
andnear-crashesthat occurin the generaldriving populationwheninattentionwasa contributing
factor.
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Both statisticsareusedbecauseof the complementaryinformationthatboth provide. While the
oddsratio, or relativerisk calculationfor a crashor near-crash,providesinformationregarding
individual near-crash/crashrisk when engagingin aparticularbehavior,thepopulation
attributablerisk percentagecalculationprovidesanestimateof the percentageof crashesand
near-crashesin the studypopulationthat canbe attributedto eachtypeof behavior. Therefore,
while an individual’s near-crash/crashrisk may increasewhile performinga particulartask,
driversmaynot engagein this behaviorvery oftenor the behaviorrequiresabrief duration
thereforevery few crashesin the populationarein fact causedby this behavior. On the other
hand,if a specific typeof behaviordoesnot increaseindividual near-crash/crashrisk greatlyin
isolation,this behaviormayin fact occurfrequentlyand/orfor long durationswhile driving and
thereforedoesaccountfor manycrashesin the population.

The following oddsratiosarecalculatedfor threelevelsof secondarytasks,two levelsof
driving-relatedinattention,two levelsof non-specificeyeglances,andonly onelevel of
drowsiness.The threelevelsof secondarytasksarecomplexsecondarytasks,moderate
secondarytasks,and simplesecondarytasks. The complexsecondarytasksaredefinedasatask
thatrequireseithermultiple steps,multiple eyeglancesawayfrom the forwardroadway,and/or
multiple buttonpresses(Dingus,Antin, Hulse, andWierwille, 1989). Moderatesecondarytasks
arethosethat require,at most, two glancesawayfrom the roadwayand/oratmosttwo button
presses.Simplesecondarytasksarethosethat requirenone or onebuttonpressand/orone glance
awayfrom the forwardroadway. Table 2.1 presentsthe tasktypesthatwereassignedto each
level of complexity. For operationaldefinitionsand examplesfor eachof thesetasks,please
refer to AppendixC.

Table2.1. Assignmentof secondarytasksinto threelevelsof manuallvisualcomplexity.

Simple SecondaryTasks Moderate Secondary
Tasks

Complex SecondaryTasks

I. Adjusting radio I. Talking/listeningto
hand-helddevice

1. Dialing a hand-helddevice

2. Adjusting otherdevices
integral to the vehicle

2. Hand-helddevice-other 2. Locating/reaching/
answeringhand-helddevice

3. Talking to passengerin
adjacentseat

3. Inserting/retrievingCD 3. Operatinga PDA

4. Talking/Singing:No
passengerpresent

4. Inserting/retrieving
cassette

4. Viewing a PDA

5. Drinking 5. Reachingfor object(not
hand-helddevice)

5. Reading

6. Smoking 6. Combing or fixing hair 6. Animal/object in vehicle
7. Lost in Thought 7. Otherpersonalhygiene 7. Reachingfor a moving

object
8. Other 8. Eating 8. Insectin vehicle

9. Looking at external
object

9. Applying makeup

Thereis considerableautomotiveresearchindicating thatdriversgenerallydo not look away
from the forwardroadwaygreaterthan 1.0 to 1.5 secondsper glance(Wierwille, 1993). Tasks
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that requirelongerandmorefrequentglancesdecreasesafedriving performance.Therefore, the
driving-relatedinattentionto theforward roadwaycategory,which is operationallydefinedas
dyeglancesto oneof the rear-view mirrorsor windows,wasseparatedinto two categories:total
timeeyesoff theforward roadway:greaterthan 2 secondsandless than 2 seconds.The same
distinctionwasusedfor non-specificeyeglancesawayfrom theforward roadway. Thesetwo
inattentioncategorieswereseparatedin this mannerto differentiatethoseshort,quick glances
thatarecharacteristicof an alertdriver scanninghis or herenvironmentcomparedto those
driverswho are looking awayfrom the forward roadwaylonger thana short-durationglance.

This separationof the generalcategoriesof inattentionwasperformedsincetherearemany
factorspresentwithin thesecategoriesandan odds-ratiocalculationfor the entirecategoryof
secondarytask,all durationsof driving-relatedinattentionto theforward roadway,or all
durationsof non-specificeyeglancewould providemisleading informationandwould not be as
useful.

Thebaselinedatawas categorizedin the samemanner,usingthreelevels of secondarytask,two
levels of driving-relatedinattention,andtwo levels of non-spec~iceyeglancedata. Due to the
importanceof glancelength,eyeglancedata wasrequiredfor the separationof driving-related
inattentionto theforward roadwayandnon-specificeyeglance.Therefore,only the 5,000
baselineepochsthatcontainedeyeglancedatawereusedto calculatetheseoddsratios.

Whenthe frequencycountswereconductedfor thebaselinedata,76 combinationsemergedfrom
theseeight levelsof inattention. Thesecombinationsemergedbecausedriverswereeatingchips
(moderatesecondarytask) andwould checktheir left rear-viewmirrors for 0.5 seconds(driving-
relatedinattentionlessthan 2 seconds),for example. Very few combinationsemergedfor the
crashandnear-crashevents.Odds ratioswerenot calculatedfor eachcombinationof inattention
type as the frequencycountswerevery low in mostinstances(resultingin wideconfidence
limits). Oddsratioswerecalculatedfor drowsinessaswell asdrowsinesscombinedwith other
typesof inattentionas the correlationsbetweendrowsinessand other types of inattentive
behaviorarelesscompellingthanthe correlationsbetweensecondarytaskengagement,driving-
relatedinattentionto theforward roadway,andnon-specjfic eyeglance.

Definition of an OddsRatio Calculation. A commonly usedmeasureof the likelihood of event
occurrenceis termedas the odds. The oddsmeasurethe frequencyof eventoccurrence(i.e.,
presenceof inattentiontype)to thefrequencyof eventnon-occurrence(i.e., absenceof
inattentiontype). That is, the oddsof eventoccurrencearedefinedas the probability of event
occurrencedivided by the probability of non-occurrence.The 2x2 contingencytable in Table2.2
will be usedto illustratethis and relatedmeasures.

Table2.2. An exampleof a 2x2 contingencytablethat would beusedto calculate
inattention-related odds ratios.

Inattention No Inattention
Present Present

I
ReducedEvent n1~ n,2 n,

BaselineEvent n,1 n,, n,

n, n~ n
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If the probability of success(inattentionpresent)for the first row of the tableis denotedby it1 =

n11/n1 andthe probability of failure (no inattentionpresent)is definedas (1 —it1) = n12/nl., then
the oddsof successis definedas it1/( 1-ni) = ni l/n12. The oddsof successfor the secondrow are
definedsimilarly with the correspondingsuccessprobability, 7t2.

The ratio of the oddsis acommonly employedmeasureof associationbetweenthe presenceof
cases(crashandnear-crashevents)andthe controls(baselinedriving epochs).Oddsratios are
usedas an approximationof relativenear-crash/crashrisk in casecontrol designs.This
approximationis necessarydueto the separatesamplingemployedfor theeventsandbaselines
and is valid for evaluationsof rare events.(Greenberget al., 2001). Referringto Table2.2, the
oddsratio would be definedas:

~ /(1—~) ~ n11n22 Equation2.1

n21 n12n21/(1—2r2)

andis a comparisonof the oddsof successin row 1 versusthe oddsof successin row 2 of the.
table.

Algebraically,this equationcanbe rewrittenasshownbelow. Basicoddsratiosare calculatedas
shownin Equation2.2.

OddsRatio= (A x D)/(B x C) Equation2.2

Where:
A = the number of at~fault*eventswhere<inattentiontype>waspresentwithout any
othertypeof inattention
B = the numberof at~fau1t*eventswheredriverswereattentive
C = the numberof baselineepochswhere<inattentiontype> waspresentwithout any
othertypeof inattention
D = the numberof baselineepochswheredriverswereattentive

~At-faultwasassessed by the data reductionists to indicatewhetherthedriver’sactionswereprimarily the
cause of the crashor near-crash or whether the driver was simply reactingto anothervehiclespoordriving
performance. Only thosecrashesandnear-crashes thatthe reductionists deemed to be thefault ofthe
driver of the instrumented vehiclewere included in theseanalyses.

To interpretoddsratios, a valueof 1 .0 indicatesno significantdangerabovenormal,baseline
driving. An oddsratio lessthan 1.0 indicatesthat this activity is saferthannormal,baseline
driving or createsa protectiveeffect. An oddsratio greaterthan 1 .0 indicatesthatthis activity
increasesone’srelativerisk of a crashor near-crashby the valueof the oddsratio. Forexample,
if readingwhile driving obtainedan oddsratio of 3.0, thenthis indicatesthatadriver is three
timesmore likely to be involved in a crashor near-crashwhile readinganddriving than if he or
shewas just driving normally.
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Resultsof Odds Ratio Calculations. The odds ratio calculations were initially conducted for
driving-relatedinattentionto determinewhetherthis behaviorincreasesnear-crash/crashrisk or
is a typicalbehaviorof an alert driver (i.e., doesnot impactnear-crash/crashrisk). The odds
ratios for driving-relatedinattentionto theforward roadwaylessthan 2 secondsandgreater
than 2 secondsare presentedin Table2.3. Notethat bothoddsratios aresignificantly lessthan
1 .0 suggestingthat this behavior is actually protectivein that driverswho areengagingin this
behavioraresaferthanthosedriverswho aresimply driving (i.e., not engagingin anyextratype
of behavior). Giventhis result,driving-relatedinattentionto theforward roadwaywill no
longerbeincludedin the operationaldefinition ofdriving inattentionfor the remainderofthis
report.

Table 2.3. Odds ratio point estimatesand 95-percentconfidencelimit intervals to assess
likelihood of at-fault-crash (N = 49) or near-crash(N = 439) involvement in driving-related

inattention to the forward roadway.

Type of Inattention Odds Ratio Lower CL Upper CL
Driving-Related Inattention to the
Forward Roadway — Greater than
2 seconds

0.45 0.24 0.83

Driving-Related Inattention to the
Forward Roadway — Lessthan 2
seconds

0.23 0.15 0.34

Table2.4 showsthe oddsratio calculationsas well as the upperandlower confidencelevels for
the remainingthreetypesof inattention:drowsiness,secondarytask, and non-spec~flceyeglance.
Drowsiness,drowsiness(all combinations),moderatesecondarytasks,and complexsecondary
tasksobtainedoddsratiosof 6.2,4.2, 2.1, and3.1 respectively.Thisresultsuggeststhat drivers
who drivewhile severelydrowsyare between4.5 and8.5 timesas likely to be involved in a
crashor near-crashas alertdrivers. Driverswho areengagingin moderatesecondarytasksare
between1.6and2.7times as likely to be involved in a crashor near-crash,anddriversengaging
in complexsecondarytasksare between1 .7 and5.5 timesas likely. The oddsratio for simple
secondarytaskswas alsogreaterthan 1 .0, however,the lower confidencelimit was lessthan1.0,
indicating thesetasksdo not significantly alterthe likelihood of crashor near-crashinvolvement
over that of normal,baselinedriving. Theoddsratiosfor non-specjfic eyeglance- greaterthan 2
secondsandless than 2 secondsobtainedan oddsratioslessthan I (OR = 0.9 and 0.4)but were
alsonot significantly different than 1.0 (asindicatedby the upperandlower confidencelimit
containing 1.0). This result indicatesthat thesetypesof eyeglancebehaviorsareprobablyjust as
safeas normal,baselinedriving. While theymaybejust assafe,theseeyeglancebehaviorsdo
not reducethe likelihoodof being involved in a crashor near-crashasdo eyeglancesto mirrors
or checkingtraffic throughwindows. Notethat all oddsratiosthat aresignificantly different
than 1.0 arein bold font.
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Table 2.4. Odds ratio point estimatesand 95% confidenceintervals to assesslikelihood of
at-fault crash (N = 49) or near-crash(N = 439)involvement when engagingin driving

inattention.

Typeof Inattention Odds Ratio Lower CL Upper CL
Complex SecondaryTask 3.10 1.72 5.47
Moderate SecondaryTask 2.10 1.62 2.72
Simple SecondaryTask 1.18 0.88 1.57
Moderate to Severe
Drowsiness(in isolation from
other types of inattention)

6.23 4.59 8.46

Moderate to Severe
Drowsiness(all occurrenc~L

4.24 3.27 5.50

Non-specific EyeGlance
Away from the Forward
Roadway-Greaterthan2
seconds

0.85 0.20 3.65

Non-specificEye Glance
Away from the Forward
Roadway-Less_than2 seconds

0.43 0.17 1.06

Note:Thesecalculationsincluded frequency of eventslepochsthat included the type of inattention by itselfand not
in combinationwith othertypes of inattention. Only moderate to severe drowsiness (combination) took into account
all events in which drowsiness was a contributing factOrregardless of whether another type of inattention was
present. Five thousand baseline epochs were used along with all crashes and near-crashes where the driver was at
fault.

Table2.5 providesthe oddsratios foreachtypeof secondarytaskseparately.Giventhat these
oddsratiosarenot dependentuponglancelength, all 20,000baselineepochswereusedfor these
calculations. Also, frequencieswerecountedwheneachtypeof secondarytaskwaspresent,
eitheraloneor in combinationwith othertypesof inattention. Thismodification wasconducted
dueto low statisticalpowerassociatedwith breakingdatainto smallersubsets.While therewere
over40 secondarytasksthat were identified by the datareductionists,only thosesecondarytasks
that wereobservedfor crashesandnear-crashesas well as baselineepochswill be presentedin
the table. In otherwords,somesecondarytaskswerenot observedfor either theeventsor
baselineepochs,thereforeit was not possibleto calculatean oddsratio. Thoseoddsratiosthat
aresignificantly different than 1.0 areshownin bold font.

As canbeviewed from this table,half of the secondarytaskshaveoddsratiosgreaterthan 1.0.
Reachingfor a movingobjectwas shownto havethe highestoddsratio followed by external
distraction, reading,applyingmakeup,and dialing a hand-helddevice. Pleasenotethat
handlinga CD, talkingor listeningto a hand-helddevice,an insectin the vehicle,and reaching
for an object (not moving)alsohadoddsratiosgreaterthan 1.0 but their lower confidencelimits
went below 1 .0, indicating thatthesesecondarytasksmaynot actually increasethe likelihoodof
crashor near-crashinvolvement.

The oddsratio for passengerin adjacentseatwasalso significantly differentfrom 1.0; however,
it was significantly lower than 1 .0 indicating that it is actuallysaferto havea passengerin the
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vehiclethanto drive alone. This may be kcausepassengersareoften alsoscanningthe
environmentfor hazardsand mayalert the driver to a hazardthathe or shemayhavemissed.

table 2.5. Oddsratiospoint estimatesand95 percentconflict confidenceintervalsto assess
the likelihood of crash (N= 49) or near-crash(N = 439) involvement when engagingin

secondarytasks.

Type of SecondaryTask Odds Ratio Lower CL — Upper CL
Reachingfor a moving 8.82 2.50 31.16
object
Insect in Vehicle 6.37 0.76 53.13
Looking at external object 3.70 1.13 12.18
Reading 3.38 1.74 6.54
Applying makeup 3.13 1.25 7.87

Dialing hand-held device 2.79 1.60 4.87

Inserting/retrieving CD 2.25 0.30 16.97

Eating 1.57 0.92 2.67
Reachingfor non-moving 1.38 0.75 2.56
object
Talking/listeningto ahand- 1.29 0.93 1.80
helddevice
Drinking from open 1.03 0.33 3.28
container
Otherpersonalhygiene 0.70 0.33 1.50
Adjusting radio 0.55 0.13 2.22
Passengerin adjacent seat 0.50 0.35 0.70
Passengerin rearseat 0.39 0.10 1.60
Combinghair 0.37 0.05 2.65
Child in rearseat 0.33 0.04 2.40

Note:Calculation included frequency of events/epochs that included the type of inattention by itselfor in
combinationwith othertypesof inattention. Twentythousandbaselineepochswereusedalongwith all crashesand
near-crasheswherethe driver was at fault.

All drivers in the presentstudywereoverthe ageof 18; however,therewere 16 driversbetween
18 and20 yearsold. A secondoddsratio wascalculatedto assesswhetherthe presenceof
passengerswerenot protectivefor this youngeragegroup. Theseoddsratiosarepresentedin
Table 2.6. The resultssuggestthatthe oddsratiosfor the 18- to 20-year-oldsis nearlythe same
as it is for the driverswho are20 yearsof ageandolder. This result is consistentwith research
findings by Williams (2003)where16- to 17-year-olddrivers’ near-crash/crashrisk increased
with the numberof passengersin the vehicleup to six timesthatof normal,baselinedriving, 18-
to 19-year-olddrivers showedavery slight increasein near-crash/crashrisk, andolderdrivers
demonstrateda protectiveeffect for the presenceof passengers.
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Table 2.6. Odds ratio calculationsand 95 percent confidenceintervals for “Passenger
Present” for drivers who are youngerand older than 20 years of age.

Age Group Odds Ratio for
Passenger_Present

Lower CL Upper CL

18 to 20 Years of
Age

0.53 0.33 0.83

Older than 20 Years 0.58 0.39 0.87

Definition of Population Attributable Risk. For thosetypesof inattentionwith an oddsratio
greaterthan 1.0, populationattributablerisk percentages(PAR%) werealsocalculated. This
calculationprovidesan assessmentof the percentageof crashesandnear-crashesthatare
occurringin the populationat-largethat are directly attributableto the specificbehavior
measured.This is anexcellentcounterpartto theoddsratio calculationin thatthe oddsratio is
measuredat the individual level whereasthe populationattributablerisk percentageis measured
at thepopulation level or for all driversin the population. Pleasenotethatdatawascollectedin
only a metropolitanarea,thus,somedegreeof cautionshouldbe exercisedin the interpretation
of theseresultsto the populationat large.

Populationattributablerisk percentageis calculatedas follows:

PAR% = [(Pe (OR— I ))/(1 + Pe (OR — 1))] * 100 Equation2.3

WhereP~= populationexposureestimate
OR = oddsratio or relativerisk estimatefor a crashor near-crash

For example,to assessa populationattributablerisk percentagefor complexsecondarytasks,the
populationexposureestimatewascalculatedby countingthe numberof baselineepochswherea
complexsecondarytaskwaspresentandcountingthe total numberof baselineepochsin
equation(# of baselineepochswith complexsecondarytaskspresent+ # of baselineepochs
whereno typeof inattentionwaspresent),for example:

= 49 baselineepochswith complexsecondarytasks/2,273total baselineepochs = 0.02

The relativerisk or oddsratio of a crashor near-crash,as shownin Table2.4, indicatedthat the
relativerisk for complexsecondarytaskswas 3.10. Thus, the PAR percentwascalculatedas
follows:

PAR%= [(0.02) (3.10— 1.00)/I.00+ (0.02)(3.10— 1 .00))]* 100 = 4.3

For a morecompletediscussionof the populationattributablerisk percentagecalculations,see
Sahaiand Khurshid(1996),Statisticsin Epidemiology.

Resultsof Population Attributable Risk PercentageCalculations. The population
attributable risk percentagecalculationsare presentedin Table 2.7for all of thosetypesof
inattention and secondarytaskswith an odds ratio greater than 1 .0. A population attributable
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risk percentagecalculationis not applicableto thosesourcesof inattentionwith an oddsratio of
lessthan 1.0.

The resultsindicatethatmoderateto severedrowsinessaccountsfor between22 and24 percent
of all crashesandnear-crashes,andcomplex,moderate,andsimplesecondarytasksaccount for
23 percentof all crashesandnear-crashes.Dialing a hand-helddevice,talking on a hand-held
device,andreadingall contributedto 3.6 percent,3.6 percent,and2.9 percentto all crashesand
near-crashes,respectively.Interestingly,dialing a hand-helddevicehad an odds ratio of 2.8
whereastalking/listeningto hand-helddevicehad an oddsratio of 1.3 andwasnot significantly
different than1.0. Thesetwo secondarytaskshadnearlythe identicalpopulationattributable
risk percentages.One hypothesisfor this is thatdriverswere talking/listeningto hand-held
devicesa muchlargerpercentageof time thantheyweredialinghand-helddevices. Thus,the
percentof crashesandnear-crashesthat wereattributableto thesetwo actionswas similardueto
the fact that dialing wasmoredangerousbut wasperformedless frequentlywhereas
talking/listeningwas lessdangerousbut donemorefrequently. The restof thesecondarytasks
eachaccountedfor lessthan3 percentof all crashesandnear-crashes.In total, drowsinessand
secondarytaskengagementare contributingfactorsin over45percentofall crashesandnear-
crashes.

32



Table 2.7.Population attributable risk percentagepoint estimatesand 95 percent
confidenceintervals for types of inattention and the specificsecondarytasks.

Type of Inattention Population
Attributable

Risk
Percentage
(PAR%)

Lower CL Upper CL

ComplexSecondaryTask 4.26 3.95 4.57
ModerateSecondaryTask 15.23 14.63 15.83
SimpleSecondaryTask 3.32 2.72 3.92
Moderateto Severe
Drowsiness(in isolation
from othertypesof
inattention)

22.16 21.65 22.68

Moderateto Severe
Drowsiness(all occurrences)

24.67 21.12 25.23

Reachingfor movingobject
in vehicle

1.11 0.97 1.25

Insect in vehicle 0.35 0.27 0.44
Reading 2.85 2.60 3.10
Dialing hand-helddevice 3.58 3.29 3.87
Applying Makeup 1.41 1.23 1.59
Looking at externalobject 0.91 0.77 1.05
Inserting/retrievingCD 0.23 0.15 0.32
Eating 2.15 1.85 2.46
Reachingfor non-moving
object

1.23 0.96 1.50

Talking/listeningto hand-
heldDevice

3.56 3.10 4.10

Drinking from open
container

0.04 -0.10 0.18

Pleasenotethat the populationattributablerisk percentagesof the individual secondarytasksdo
not sumto the higher level secondary-taskcategories.Recall thatthereareothertypesof
secondarytasksthat arebeingcalculatedfor eachgenerallevel of secondarytask. For example,
the sumof the populationattributablerisk percentagesfor the individual typesof secondarytasks
will not addup to the populationattributablerisk percentagefor the complexsecondarytask
type.

CONCLUSIONS
Theresultsfrom theseanalysesdemonstratethe powerof large-scalenaturalisticdriving studies
in thatthe prevalenceof driving inattention,the frequencyof occurrence,aswell as the relative
near-crash/crashrisk for varioustypesof driver inattentioncanfinally beassessedusingpre-
crashdriving behaviordata. While relativerisk calculationsfor a crashor near-crashhavebeen
obtainedusingsurveydataand/orpoliceaccidentreports,this studydirectly observeddrivers
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prior to crashesandnear-crashesandcomparethis behaviorto their driving behaviorsduring
normal, routinedriving.

To calculatethe prevalenceandfrequencyof driver inattention,the baselinedriving database
was used. Thisanalysisindicatedthat driversengagedin one of four typesof inattentionin over
70 percentof the 20,000baselineepochs. Interestingly,secondarytaskengagementaccounted
for 54 percent,driving-relatedinattentionto theforwardroadwayaccountedfor 27 percent,and
drowsinessonly accountedfor 4 percentof the baselineepochs.

The resultsof the relativenear-crash/crashrisk calculationsindicatedthat urban driversare
betweenfour andsix timesas likely to be involved in acrashor near-crashwhendriving while
severelydrowsythan if theywereattentive. The oddsratiosfor complexandmoderate
secondarytasktypealsoindicatedthat driverswereat increasedrisk whenengagingin these
typesof taskswhile driving. Drivers aretwo times as likely to beinvolved in a crashor near-
crashwhenengagingin amoderatesecondarytaskandthreetimesas likely whenengagingin a
highly complexsecondarytask.

The resultsof theseanalysesindicatedthatall oddsratiosfor eachof the secondarytasktypes
indicatedthatreachingfor a movingobject, lookingat an externalobject(i.e., longglance).
reading,applyingmakeup,dialing a hand-helddevice,and eatingall hadoddsratiosgreaterthan
1.0. Thissuggestsahigher individual near-crash/crashrisk whena driverengagesin these
activities. Interestingly,driving with apassenger,singingto the radio, andevensome
engagementwith the radio andthe heating/airconditionerunit all resultedin oddsratioslessthan
1.0. Theseresultsmostlikely suggestthat theseactivitiesareindicativeof a relativelyalert
driver. For driversover the ageof 18, havingapassengerin the vehicle is associatedwith less
likelihood of crashor near-crashinvolvementthanif therewas no passengerin the vehicle. A
possibleinterpretationof this result is thatthe passengeris alsoscanningthe environmentand
canwarna driverof an impendingdangeroussituation. Pleasenotethatthereis a substantial
body of researchon drivers underthe ageof 18 indicating that passengersin the vehicleactually
increasenear-crash/crashrisk. Theresultsfrom thisstudyshouldnot beinterpretedas
conflicting with resultsfrom the teen-drivingresearch.Therewereno 16- or 17-year-olddrivers
in this studyandtherefore,thedatacannot be appliedto the teenagedriving population.

Eventhoughthe oddsratiosfor reachingfor a movingobject, externaldistraction, reading,
applyingmakeup,and eatingpresentedgreaterindividual near-crash/crashrisk, thesefactorsdid
not accountfor a largepercentageof actual crashesandnear-crashesin an urbanpopulationas
shownby the populationattributablerisk percentagecalculations.Drowsiness,on the other
hand,attributedto between22 and24 percentof the crashesandnear-crashesin the population,
which is muchhigherthanmostcrashdatabaseresearchhasshown(Campbell,Smith, andNajm,
2003). All complexity levelsof secondarytasksattributedto 22 percentof the crashesandnear-
crashesin an urbanenvironment. In total, inattentioncontributesto over45 percentof all
crashesand near-crashesthatoccur in an urban environment.

Also of interestwas thatdialing a hand-helddevicehad an odds ratio of approximately 3.0
whereastalking/listeningto hand-helddevicehad an oddsratio of slightly over 1.0 andwas not
significantly differentthan 1 .0. Thesetwo secondarytaskshadnearlythe identicalpopulation



attributablerisk percentages(eachattributingto 3.6 percentof crashesandnear-crashes).One
hypothesisfor this is that driversweretalking/listeningto hand-helddevicesa much larger
percentageof timethantheyweredialinghand-helddevices.Thus,the percentof crashesand
near-crashesthatwereattributableto thesetwo actionswassimilar dueto the fact thatdialing
wasmoredangerousbut was performedlessfrequentlywhereastalking/listeningwas less
dangerousbut performedmorefrequently.
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CHAPTER 3: OBJECTIVE2, WHAT ARE THE ENVIRONMENTAL CONDITIONS
ASSOCIATED WITH DRIVER CHOICE OF ENGAGEMENT IN SECONDARY TASKS
OR DRIVING WHILE DROWSY? WHAT ARE THE RELATIVE TUSKS OF A CRASH
OR NEAR-CRASH WHEN ENGAGING IN DRIVING INATTENTION WHILE
ENCOUNTERING THESE ENVIRONMENTAL CONDITIONS?

Thisresearchobjective usedlarge-scalenaturalisticdriving datato determinetheenvironmental
conditionsin which drivers chooseto engagein secondarytasksor to drive while drowsy. The
associatedrelativenear-crash/crashrisks of eitherengagingin complexor moderatesecondary
tasksor driving drowsyduring poorenvironmentalconditionswasalsoassessed.Severaltypes
of environmentalvariableswererecordedduring thedatareductionprocessfor both the 100-Car
Study eventdatabaseandthe baselinedatabase.A list of thesevariables,the respectivelevelsof
each,anda definition of eachvariable is presentedin Table3.1. Pleasenotethatall of these
variableswererecordedbasedsolely upon thevideo observedat thetime of theeventor epoch.
For lighting levels,the correspondingtimestampwas alsousedto distinguishbetweendawnand
dusk.
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Table 3.1. A detailed list of the environmental variable names,levelsof each,and
operational definition.

Variable Name Levels of Variable Definition of Variable

Lighting Daylight
Darkness, lighted
Darkness, non lighted
Dawn
Dusk

Ambient lighting levels
to denote the time of
day.

Weather Clear
Raining
Sleeting
Snowing
Foggy
Misty
Other

Description ofthe
presence of ambient
precipitation and type of
precipitation occurring.

Road Type Divided
Not divided
One-way Traffic
No lanes

Description of the type
of roadway and how
traffic is separated.

Road Alignment/Road
Profile

Straight, level
Straight, grade
Curve, level
Curve, grade

Description of the road
profile at the onset ofthe
conflict.

Traffic Density Free flow
Stable flow, speed restricted
Unstable flow, temporary restrictions
Unstable flow, temporary stoppages
Restricted Flow
Forced flow with low speeds and traffic volumes

Level of service
definitions (NFITSA) to
define six levels of
traffic density ranging
from free flow to stop-
and-go traffic.

Surface Condition Dry
Wet
Snowy
Icy
Other

Description ofthe
resulting condition of
the roadway in the
presence of
precipitation.

Traffic Control Device Traffic signal
Stop sign
Yield sign
Slow, warning sign
Traffic lanes marked
Officer/watchman
Other
Unknown
None

Denotes the presence of
a traffic signal near the
onset of the conflict.

Relation to Junction Intersection
Intersection-related
Interchange area
Entrance/exit ramp
Driveway/alley access
Parking lot
Non-junction
Other

Description of the road
and whether ajunction
was present.
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DATA INCLUDED IN THESE ANALYSES

Two databaseswereusedfor this analysis. The first was the eventdatabase,which consistedof
all the crashes,near-crashes,and incidentsidentified andreducedas part of the 100-CarStudy.
Only the crashesandnear-crasheswereusedin theseanalyses(for a discussionof the reasonsfor
this, pleaserefer to Chapter2, Objective1). Recallthat this datais referredto aseventdata for
this report. The secondwas the baselinedatabase,which consistedof 20,000randomlyselected
6-secondsegmentsof video thatwere viewedby traineddata reductionists.The randomsample
wasstratified to producea case-controldatasetwhich increasedpowerfor oddsratio
calculations.Fora completedescriptionof the variablesthat wererecordedfor the baseline
database,pleaserefer to Chapter1: IntroductionandMethod.

For thefollowing analyses,the term inattention-relatedeventrefersonly to complex-and
moderate-secondary-taskengagement.Simplesecondarytaskengagementand driving-related
inattentionto theforward roadwaywerenot usedin theseanalysis;as shownin the previous
chapter,thesetwo typesof inattentionwereeithernot significantly differentthannormal,
baselinedriving or providedaprotectiveeffect. Also,non-spec~ficeyeglancewasnot
considered,since its inclusionwould havereducedthe numberof baselineepochsavailablefor
analysis,andbecauseit was foundto be arelatively redundantsourceof inattentionfor the
baselineepochs(asshown in the previouschapter).

As the effect of risk factorswereto be comparedacrosslevelsof environmentalvariables,a
different analysismethodwasused. The oddsratio estimatesin the chapterwereobtainedusing
maximumlikelihoodestimatesobtainedfrom logistic regressionmodels. The stratified analysis
or logistic regressionallows for comparableevaluationof risk factorsacrossthe levelsor strata
of an environmentalvariableof interest. To ascertainwhetherit is more risky to engagein
complextaskson a dark roadwayor to drive while alert on a dark roadway,the interactionof
both complex-secondary-taskengagement(inattentiveor attentivedriver) andambientlight
levels(daylight,dusk,dawn,darkness-lighted,darkness-not-lighted)mustbe assessed.Logistic
regressionmodelsprovidea point estimatefor the oddsof a crashor near-crashbasedupon the
driver engagingin a secondarytask(or driving attentively)anddriving environment.

Threeindependentoddsratio calculationswereconductedto assessthe relativenear-crash/crash
risk in variousweather,roadway,andtraffic environments.Thesethreeoddsratio calculations
assessthe following:

I) Is driving drowsy during<environmentalvariablelevel> riskier thandriving alert in
<environmentallevel>?

2) Isengagingin complexsecondarytasksduring < environmentalvariable level>
riskier thandriving alert in <environmentlevel>?

3) Is engagingin moderatesecondarytasksduring<environmentalvariablelevel>
riskierthandriving alertin <environmentlevel>?

Only drowsiness,complex,andmoderatesecondarytaskswereusedin the following oddsratio
calculations.Recall from the previouschapterthat complexandmoderatesecondarytask
engagementswereoperationallydefinedbaseduponthe frequencyof eyeglancesawayfrom the
forwardroadwayand/orbutton pressesthat werenecessaryto completethe task. Complex
secondarytasksrequiredmorethanthreebuttonpressesand/oreyeglancesawayfrom the
forwardroadwayto completethe task,while moderatesecondarytasksrequiredtwo eyeglances
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or buttonpresses.It was alsodemonstratedin the previouschapterthat thesetwo typesof
secondarytasks,aswell as drowsiness,had higherrelativenear-crashlcrashrisks thannormal,
baselinedriving, whereassimple secondarytaskswerefound to not be significantly riskier than
normal,baselinedriving. Therefore,only drowsiness,complex,and moderatesecondarytasks
wereusedin thesecalculations.

AMBIENT LIGHT/WEATHER CONDITIONS

Lighting Level
To recordlight levelsfor thisanalysis,datareductionistsusedthe video footageandthe time
stampcorrespondingto the epochsor eventsto makedeterminationsof the ambientlighting
levels. Table 3.2 presentsthe numberof drowsiness-andsecondary-task-relatedcrashes,near-
crashes,andbaselineepochsobservedfor eachof theselighting levels.

Table 3.2 The frequency of drowsiness-and secondary-task-relatedevents and epochsthat
were recorded for eachtype of lighting level.

Lighting Level Frequencyof
Drowsiness-

Related Crash and
Near-Crash Events

Frequency of
Secondary-

Task-Related
Crash and
Near-Crash

Events

Frequency of
Drowsiness-

Related Baseline
Epochs

Frequency of
Secondary-

Task-Related
Baseline
Epochs

Darkness-
Lighted

27 42 2 13

Darkness-Not
Lighted

18 17 279 3021

Dawn 2 5 51 205

Daylight 52 143 240 571

Dusk 13 20 183 305

Total 308 277 755 4115

Using only the baselinedata,the percentof inattention-relatedepochsandthepercentof the total
numberof baselineepochswereusedto determine:(1) the percentageof baselineepochsthat
driversengagedin secondarytasksor drovewhile drowsyduringeachof theselighting
conditions,and(2) whetherthesepercentagesdifferedfrom the total numberof baselineepochs
thatdrivers encounteredor wereexposedto for eachof theselighting conditions. These
percentageswerecalculatedby dividing the numberof baselineepochswheredriverswere
engagingin a secondarytaskat a particularlighting level by the total numberof epochswhere
thedriversengagedin a secondarytask. For example,the numberof baselineepochswherethe
driverwasengagingin acomplexor moderatesecondarytaskduringdaylight wasdivided by the
total numberof baselineepochswherethe driverwasengagingin a complexor moderate
secondarytask.

Figure3.1 presentsthe baselinedata percentagesfor secondary-task-relatedepochs(N = 4,115),
drowsiness-relatedepochs(N = 755),and total number of epochs(N = 19,467)for eachlevel of
lighting. Themajority of complex-andmoderate-secondary-task-relatedeventsandtotal
baselineepochsoccurredduringdaylight hours; this replicatesfindings from manyprevious
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instrumented-vehiclestudies(e.g.,Lee, Olsen,andWierwille, 2003; Dingusetal., 2001). The
percentagesarevery similar for the secondary-task-relatedepochsandthe total numberof
epochs,suggestingthatdriversarenot selectingto engagein secondarytasksdifferently based
on ambientlighting conditions. Driversareexperiencingdrowsinessdifferently acrossthe
ambientlighting conditions,which is to be expectedas ambientlighting levelsare associated
with time of dayanddaily wake/sleepcycles. Lowerpercentagesof drowsinesswere observed
during the day,whereashigherpercentagesof drowsinesswereobservedat night comparedto
the total baselineepochs.

80

~ 70

~ 60 H~nda~1~-RelatC
so Epochs

40 ~ Drowsiness-Related Epochs

a. 10

0

Dawn Daylight Dusk Darkness- Darkness-
Lighted Not

Lighting Levels

Figure 3.1. Percentageof secondary-task-related,drowsiness-related,and total baseline
epochsfor the different lighting levelsobserved.

As shownin Table3.3, driving drowsy in anyof the ambientlighting levelsis riskierthan
driving while alert duringsimilar lighting levels. However, it appearsthatdriving drowsyduring
the daylight maybe slightly riskier thandriving drowsy in the dark. While it is commonly
thoughtthatmostdrowsiness-relatedcrashesoccuratnight, a majority of the drowsiness-related
crashesin this studyoccurredduringthe daytime in heavytraffic (during morning andevening
commutes).Thus,the risksof driving drowsyduring the daymaybe slightly higherthanatnight
dueto highertraffic density.

Lighted
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Table3.3, Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of drowsinessby type of lighting.

Typeof Lighting Odds Ratio Lower CL Upper CL
Dawn 2.43 0.96 6.17
Daylight 5.27 3.55 7.82
Dusk 6.99 3.82 12.80
Darkness-Lighted 3.24 1.92 5.47
Darkness-NotLighted 3.26 1.82 5.86

Note: numbersin bold font indicate that the point estimate is
anodds ratio of 1.0).

significantly differentthannormal, baselinedriving (or

Relativenear-crash/crashrisks for the complex-andmoderate-secondary-taskengagement
showedthat engagingin complextasksfor all levelsof ambientlighting weresignificantly more
risky thandriving alertatthe samelighting levels(Tables3.4 and3.5). Thiswasespeciallytrue
for engagingin complextasksat night, astheserelativenear-crash/crashriskswerehigher than
duringdawn,dusk,or daylight. The relativenear-crash/crashrisks for engagingin moderate
secondarytaskswereall near1.0, but not significantlydifferent than 1.0, which suggeststhat
engagingin thesetasks is not nearlyas risky as engagingin complextasksor driving while
drowsy.

Table 3.4. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of complex secondarytasksby type of lighting.

Type of Lighting Odds Ratio Lower CL Upper CL
Dawn N/A N/A N/A
Daylight 3.06 1.84 5.06
Dusk 8.91 4.41 18.03
Darkness-Lighted 4.58 2.46 8.52
Darkness-NotLighted 24.43 12.40 48.10

Note: numbersin bold font indicatethatthepoint estimateis significantly differentthannormal,baselinedriving (or
an oddsratio of 1.0).

Table3.5. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of moderate secondarytasksby type of lighting.

Type of Lighting Odds Ratio Lower CL Upper CL
Dawn 0.71 0.21 2.39
Daylight 0.80 0.59 1.08
Dusk 1.55 0.87 2.76
Darkness-Lighted 0.98 0.61 1.56
Darkness-NotLighted 0.98 0.61 1.56

Note: numbersin bold font indicatethat the point estimateis significantly differentthannormal,baseline
an odds ratio of I 0).

Weather
Reductionistsusedthe video to assessthe weatherconditionsoutsidethe vehicle. Table 3.6
presentsthe frequencycountsof the numberof drowsiness-andsecondary-task-relatedevents

driving (or
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andbaselineepochsthat occurredduringthe differentweatherconditions. A majority of events
andepochsoccurredduringclearweather.

Table 3.6. The frequency of drowsiness-relatedand secondary-task-relatedeventsand
epochsthat wererecorded for each type of weather.

Type of
Weather

Frequency of Frequency
Drowsiness-Related of
Crash andNear- Secondary-
Crash Events Task-

Related
Crash and
Near-Crash
Events

Frequency of
Drowsiness-
Related Baseline
Epochs

Frequency of
Secondary-
Task-Related
Baseline
Epochs

1. Clear 92 181 669 3,624
3. Rain 20 45 79 462
4. Sleet 0 0 1 4

5. Snow 0 0 3 12
6. Fog 0 0 2 6
7. Mist 0 0 1 5
8. Other 0 0 0 2

Total [ 112 I 226 755 4,115

Figure3.2 presentsthe percentof drowsiness-related,secondary-task-related,andtotal baseline
epochsfor eachweathertype. Nearlyall of the epochsoccurredduringclearweather,with 11
percentoccurring duringrainy weather. The percentagesarenearlyidentical for secondary-task-
related,drowsiness-related,andtotal baselineepochsfor all weatherconditions,indicatingthat
driverswerenot engagingin secondarytasksor driving drowsysubstantiallymoreoftenduring
anyparticulartypeof weather.The total numberof eventsandepochsthatoccurredduringsleet,
snow,fog,mist, andotherweatherconditionswasvery small (the samplesizewasperhapsnot
large enoughto adequatelyaddressthe issueof secondary-taskengagementduringthesetypesof
weather).
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Figure 3.2. Percentageof secondary-task-related,drowsiness-related,and total baseline
epochsfor eachtype of weather.

Table 3.7 presents the odds ratio calculations for the different typesof weather. Driving while
drowsyduringbothrainy andclear weatheris significantly morerisky thandriving alert during
the sameconditions. Interestingly,the elevatednear-crash/crashrisk is the samefor both,
suggestingthatdriving drowsyis very dangerous,regardlessof roadwayconditions.
Unfortunately,the otherweatherconditionscouldnot be assesseddueto low statisticalpower.

Table3.7. Odds ratio point estimatesand 95
interaction of drowsinessb

percent confidencei
y type of weather.

Lower CL

ntervals for the

Upper CLT e of Weather Odds Ratio
Clear 4.34 3.22 5.86
Rain 4.41 2.41 8.08

baselineNote: numbersin bold font indicatethatthe point estimateis significantly different thannormal,
an odds ratio of 1.0).

The relativerisk calculationsfor a crashor near-crashfor complexsecondarytasksalsosuggest
that engagingin complexsecondarytasksis significantly morerisky thandriving alert in similar
conditions(Table 3.8). The relativenear-crash/crashrisk estimateis higher for rain, suggesting
thatit may beriskier to engagein complexsecondarytasksduring the rain thanin clearweather.
Somecautionis urged in this interpretationbecausethe confidencelimit surroundingthe odds
ratio for engagingin a complextask during the rain is also largerthanit is for clearweather.

o SecondaryTask-Related
Epochs

w Drowsiness-RelatedEpochs

o Total Epochs

1~ .4

driving (or
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Table3.8. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of complexsecondarytasksby type of weather.

Typeof Weather Odds Ratio Lower CL Upper CL
Clear 3.68 2.29 5.92
Rain 5.11 1.86 14.07

Note: numbersin bold font indicatethatthepoint estimateis significantly differentthan normal,baselinedriving (or
an odds ratio of 1.0).

The oddsratio for engagingin moderatesecondarytasks indicatesthat it may be saferto engage
in moderatesecondarytasksthancomplexsecondarytasks(Table3.9). Most of the oddsratios
for moderatesecondarytaskswerenot significantly differentthan 1.0 suggestingthatengaging
in moderatesecondarytasksarenot protectivebut ratheraresimply not riskierthandriving
while drowsyor engagingin complexsecondarytasks.

Table3.9. Odds ratio pointestimatesand95 percentconfidencelimits for the interaction
of moderatesecondarytasksby type of weather.

J
fltype of Weather
Clear

OddsRatio
0.86

Lower CL Upper CL
0.65 1.13
0.37 1.15

differentthannormal,baselinedriving (or
[j~in 0.65

Note: numbersin bold font indicatethatthepoint estimateis significantly
anoddsratio of 1.0).

ROADWAY AND SURFACE CONDITIONS

Road Type

RoadType (called“Traffic Flow” in the GES Database)primarily refersto whetherthereis a
physicalbarrierbetweentraffic. The No Lanescategorywasaddedfor parkinglots andshould
be interpretedas“no barrier.” One-waystreetspossessa barriersinceall traffic is flowing in one
direction. Table3.10 showsthe distributionof drowsiness-andsecondary-task-relatedevents
andepochsthat occurredon eachtypeof traffic-flow roadway. Most secondary-task-related
eventsandepochsoccurredon divided roadways.
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Table 3.10. The frequency of secondary-task-relatedeventsand epochsthat were recorded
for eachroad type.

Road Type Frequency of
Drowsiness-Related
Crash and Near-
Crash Events

Frequency Frequencyof
of Drowsiness-
Secondary Related Baseline
Task- Epochs
Related
Crash and
Near-Crash
Events

Frequencyof
Secondary-
Task-Related
Baseline
Epochs

Divided 64 118 530 2,612
Undivided 43 95 199 1248

One-way 4 11 17 114

No Lanes 1 2 9 141
Total 112 I 226 F 755 4,115

Figure3.3 presentsthe percentof total drowsiness-relatedepochs,secondary-task-related
epochs,andtotal baselineepochsfor thevariousroadtypes. While divided roadwaysweremost
frequentfor all categories,a substantialnumberof epochsalsooccurredon undividedroadways
aswell. One-wayroadwaysand/orparkinglots wererepresentedin a smallerpercentageof
epochs.Therewereno practicaldifferencesbetweenthe percentof secondarytaskor drowsiness
epochsas comparedto totalbaselineepochs,which suggeststhatdriversareengagingin
secondarytasksregardlessof typeof roadwaythattheyhappento benavigatingat the time.
Therewas a slightly higherpercentof occurrencefor drowsiness-relatedepochson divided
roadwaysthanon undividedroadways.Onepossiblehypothesisfor this result is that driversare
morerelaxedandlessactiveon divided roadways(i.e., interstates)becausetheydo not haveto
monitorcrosstraffic as frequentlyas on undividedroadways. This feelingof relaxationmay
result in higheroccurrenceof drowsiness.
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Figure 3.3. Percentageof secondary-task-related,drowsiness-related,and total baseline
epochsby type of roadway.

Eventhoughdriversappearto beengagingin secondarytasksor driving drowsyon thesetypes
of roadwaysequally,thatdoesnot necessarilymeanthat it is equallysafeto do so. Oddsratios
for drowsiness,complex-secondary-taskandmoderate-secondary-taskengagementwere
calculatedfor eachroadtypeandarepresentedin Tables3.11 through3.13. All of theodds
ratiosfor the interactionof drowsinessand roadtypeweregreaterthan3.0, suggestingthat
driving while drowsyon anyof theseroadtypes increasesnear-crash/crashrisk by atleastthree
timesthatof driving alerton the sametypesof roadwayswith the highestrisk associatedwith
undivided roadways.

Engagingin complexsecondarytaskswhile driving on undividedroadwayswasslightly less
dangerousthanengagingin complexsecondarytaskswhile driving on a divided roadway. While
thismaynot makeintuitive sense,this resultmaybe an artifact of the higherpercentageof
driving on divided roadwaysandthe highertraffic densitiesoccurringon theseroadwaysgiven
the metropolitanenvironmentwherethesedatawerecollected. Theoddsratiosfor engagingin
moderatesecondarytaskswerenot significantly different from 1.0 indicating thatengagingin
moderatesecondarytasks is lessrisky thanengagingin complexsecondarytasksor driving
drowsy.
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Table 3.11. Odds ratio point estimatesand 95 percentconfidenceintervals for the
interaction of drowsinessby road type.

Road Type OddsRatio Lower CL Upper CL
Divided 3.73 2.61 534
Undivided 5.54 3.47 8.84
One-Way 3.40 1.76 6.59
Parking Lots F N/A N/A N/A

Note:numbersin bold font indicatethat thepoint estimateis significantly differentthan normal,baselinedriving (or
anodds ratio of 1.0).

Table3.12. Odds ratio point estimatesand 95 percentconfidenceintervals for the
interaction of complex secondarytasksby road type.

Road Type Odds Ratio Lower CL Upper CL
Divided 4.20 2.40 7.33
Undivided 3.60 1.89 6.79
One-Way 3.66 1.63 8.18
ParkingLots N/A N/A N/A

F.

Note: numbersin bold font indicatethatthe point estimateis significantly differentthannormal,baselinedriving (or
anodds ratio of 1.0).

Table 3.13. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of moderate secondarytasksby road type.

Road Type Odds Ratio Lower CL Upper CL
I Divided 0.79 0.57 1.10
Undivided 0.85 0.54 — 1.35
One-Way 0.94 0.48 1.84
Parking Lots 0.68

—

0.25 1.85
Note: numbersin bold font indicatethat thepoint estimateis significantly
anoddsratio of 1.0).

RoadwayAlignment

differentthannormal,baselinedriving (or

Roadwayalignmentis a GESCrashDatabasevariablethat refersto both the curvatureand
percentgradeof the roadway. Bothcurvatureandpercentgradecandramaticallyshortenthe
driver’s sight distanceof the roadwayandtraffic patternsin front of them. Coupledwith driver
inattentionor drowsiness,specific typesof roadwayalignmentmay increasenear-crash/crash
risk. Givenreducedsight distance,do driverstendnot to engagein secondarytasksor attemptto
becomemorealert, if evenfor a brieftime?

Table3.14 presentsthe frequencyof secondary-task-relatedeventsandbaselineepochsthatwere
observedfor eachtypeof roadwayalignment. Most eventsandepochsoccurredon straightand
level roadways.This is mostlikely an artifact of the geographiclocationwherethe datawere
collected(NorthernVirginia/Washington,DC, metroarea).
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Table3.14. The frequency of drowsinessand secondary-task-relatedevents and epochs
that were recorded for eachtype of roadwayalignment.

FType of
Roadway
Alignment

Frequency of
Drowsiness-Related
Crash andNear-
Crash Events

Frequency
of
Secondary-
Task-
Related
Crash and
Near-Crash
Events

Frequency of
Drowsiness-
RelatedBaseline
Epochs

Frequencyof
Secondary-
Task-Related
Baseline
Epochs

Curve Grade 0 6 7 41
CurveLevel 20 31 73 387

~~g~tG~gç 1 4 IS 95
StraightLevel 90 184 659 3,587
Straight Hill
Crest

0 0 0 1

Curve Hill Crest 0 0 0 0
Other 0 [ 0 0 1
Total ill I 225 754 4,112

Figure3.4 comparesthe percentageof drowsiness-related,secondary-task-related,and total
baselineepochsfor different levelsof roadwayalignment. While 90 percentof drowsiness-,
secondary-task-related,andtotal baselineepochsoccuron straightand level roadways,other
roadwayalignmentsdid occurin the dataset.Thepercentagesfor eachtype of alignmentwere
nearly identicalfor all threegroups. This suggeststhat driversarenot selectingto engagein
secondary-task-relatedactivitiesbaseduponthe alignmentof the roadway,nor arethere
differencesin driverdrowsinesson thesedifferent roadwayalignments.
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Figure 3.4. Percentageof secondary-task-related,drowsiness-related,and total baseline
epochsby type of roadway alignment.

To determinewhetherthereis increasedindividual near-crash/crashrisk for driving drowsyor
engagingin secondary-task-relatedactivitiesfor particulartypesof roadwayalignment,odds
ratioswerecalculatedandarepresentedin Tables3.15 through3.17. The oddsratio calculation
for straight,gradehadthe highestnear-crash/crashrisk, suggestingthatdrowsydriversareover
six timesas likely to be involved in a crashor near-crashasanalertdriver on a straight,grade
roadway(Table3.15). The oddsratio for the straight,gradewasnot significantly higherthanfor
curve, level or straight,level (sincethe confidencelimits of all threeroadwayalignments
overlap).

Engagingin complexsecondarytaskson thesefour roadwayalignmentswasalsoshownto be
riskier thandriving alert on the sameroadwaytypes(Table3.16). The oddsratio for curve, level
wasnearlythe sameas the oddsratio for straight,level, suggestingthatthesetwo areequally
riskierthandriving while alert. The oddsratiosfor straight,~radewassignificantly higherthan
theotherroadalignments(exceptfor straight,grade),suggestingthat this roadalignment is a
riskier roadenvironmentfor engagingin complexsecondarytasks. The oddsratio for curve,
gradewasnot significantly differentthancurve, levelandstraight,level. Driving while
performingcomplexsecondarytaskswasat leastthreetimesriskier thandriving while alert for
all of theseroadalignments.

The oddsratiosfor moderatesecondarytasksindicatethat thesetypesof tasksarenot as risky as
engagingin complexsecondarytasksor driving drowsyon theseroadalignments.

Roadway Alignment
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Table 3.15. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of drowsinessand roadway alignment.

Typeof Roadway
Alignment

Odds Ratio Lower CL Upper CL

Straight, Level 3.96 2.93 5.34
Curve, Level 5.81 3.66 9.21
Straight, Grade 6.29 2.20 17.96

Note: numbersin bold font indicatethat the point estimateis significantly differentthan normal,baselinedriving (or
anoddsratio of 1 .0).

Table 3.16.Odds ratio point estimatesand 95 percent confidence intervals for the
interaction of complex secondarytasksand roadway alignment.

Typeof Roadway OddsRatio Lower CL Upper CL
Alignment

I Straight, Level 3.59 2.20 5.84
Curve,Level 3.58 1.95 6.60
Straight, Grade 26.00 7.31 92.53
Curve,Grade 6.75 2.08 21.89

Note:numbersin bold font indicatethatthe point estimateis significantly differentthannormal,baselinedriving (or
anoddsratio of 1.0).

Table 3.17. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of moderatesecondarytasksand roadway alignment.

Type of Roadway
Alignment

Odds Ratio Lower CL Upper CL

Straight,Level 0.79 0.60 1.03
Curve,Grade 1.69 0.56 5.09
Curve,Level 0.88 0.56 1.39
Straight,Grade 1.86 ( 0.56 6.19

Note: numbersin bold font indicatethatthe point
anoddsratio of 1.0).

Traffic Density

estimateis significantly differentthannormal,baselinedriving (or

Traffic densitywasrecordedby the data reductionistsusingthe TransportationResearchBoard’s
(TRB) Level of Service(LOS) Definitions (HighwayCapacityManual,2000). The LOS is a
scalefrom 1 to 6 of increasingtraffic densitywith I beingfree-flow traffic and6 beingstop-and-
go traffic with extendedstoppages.The six levelsof traffic densityare listed in Table 3.18 along
with the frequencyof drowsiness-andsecondary-task-relatedeventsandepochsthatwere
recordedat eachlevel of traffic density.
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Table 3.18. The frequency of secondary-task-relatedeventsand epochsthat
at each level of traffic density.

were recorded

Traffic Density Frequency of
Drowsiness-

Frequencyof
Secondary

Frequency of
Drowsiness-

Frequencyof
Secondary-

Related Crash Task-Related Related Baseline Task-Related
and Near-Crash Crash and Epochs Baseline
Events Near-Crash Epochs

Events
LOS A: Free Flow 44 84 430 2,013
LOSB:Flowwith 31 73
SomeRestrictions 237 1,529

LOS C: Stable 20 43
Flow—
Maneuverability
and Speedare
more Restricted 56 391

LOSD:Flowis 10 19
Unstable— Vehicles
are unable to pass
with temporary
stoppages. 14 84

LOS E: Unstable 5 7

Flow- Temporary
restrictions,
substantially slow
drivers 10 55

LOS F: Forced 2 0
Traffic Flow
Conditions with
Low Speedsand
Traffic Volumes
BelowCapacity
Total 112 226

8

755

43
4,115

Note: inattentionis defined
drowsy.

as only thoseeventswheredriverswere involved in secondarytasksorwere severely

Figure 3.5 presentsthe percentageof drowsiness-related,secondary-task-related,andtotal
baselineepochsthat occurredat eachlevel of traffic density. As traffic densityincreased,the
frequencyof drowsiness-and secondary-task-relatedepochsdecreased.The percentagefor
secondary-task-relatedepochsandtotal epochsdid not differ, indicatingthatdrivers arenot
choosingto engagein complexor moderatesecondarytasksdifferently for thesetraffic densities,
The drowsiness-relatedepochswereslightly different,with moredrowsiness-relatedevents
occurringduring free-flow andfewer occurringduring flow with restrictionsandstabletraffic
flow. Onehypothesisfor this result is that driving in free-flowtraffic is lessinterestingand
requireslessactivity by the driver. Therefore,thesetypesof traffic flow mayhelpinduce
drowsinessbecausethe driver is under-stimulated.
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secondary-task-related,drowsiness-related,and total baseline
epochsby type of traffic density.

Oddsratioswerecalculatedto determineif anyof thesetraffic densitiespresentgreater
individual near-crash/crashrisk. Tables3.19 through3.21 presentthe oddsratio calculationsfor
eachlevel of densityfor drowsiness.The oddsratio calculationsfor driving drowsyateachlevel
of traffic densitysuggestthatdriving drowsyis at leastthreetimesriskier thandriving while
alert during the samelevel of traffic density. Noneof thetraffic densitiesweresignificantly
riskier thananyanotherlevel of traffic density.

Similar resultswerefoundfor engagingin complexsecondarytaskswherethis activity was
foundto increasenear-crashlcrashrisk by at leastthreetimesthatof alertdriving duringthe
sametraffic density. Again, engagingin complexsecondarytaskswasequallyrisky atall levels
of traffic density,exceptfor LOS D.

The oddsratiosfor moderatesecondarytasksdid not demonstratesimilar risk levelsandthus
engagingin moderatesecondarytasksduringthesetraffic levels is not as risky anddoesnot
elevatenear-crash/crashrisk to the extentas driving drowsyor engagingin complexsecondary
tasks. This resultwas foundto be true acrossall levelsof traffic densityfor moderate-
secondary-taskengagement.
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53



Table 3.19. Odds ratio point estimatesand 95 percent confidence
interaction of drowsinessand traffic density.

intervals for the

Typeof Traffic Density — Odds Ratio Lower CL Upper CL
LOSA: FreeFlow 4.67 3.02 7.21
LOSB: Flow with Some
Restrictions

4.81 2.70 8.58

LOS C: StableFlow —

ManeuverabilityandSpeed
aremoreRestricted

3.63 2.01 6.54

LOS D: Flow is Unstable—
Vehiclesareunableto pass
with temporarystoppages

4.29 1.88 9.80

LOS E: UnstableFlow-
Temporary restrictions,
substantially slow drivers

3.71 1.93 7.13

Note: numbersin bold font indicatethatthepoint
an odds ratio of 1.0).

estimateis significantly differentthannormal,baselinedriving (or

Table 3.20. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of complex secondarytasksand traffic density.

Typeof Traffic Density OddsRatio Lower CL Upper CL
LOS A: FreeFlow 4.67 2.32 9.38
LOS B: Flow with Some
Restrictions

3.67 1.65 8.19

LOS C: Stable Flow —

Maneuverability and Speed
are more Restricted

3.80 1.68 8.58

LOS D: Flow is Unstable—
Vehiclesareunableto pass
with temporarystoppages

1.75 0.61 5.01

LOS E: Unstable Flow-
Temporary restrictions,
substantially slow drivers

2.45 1.01 5.93

Note: numbersin bold font indicatethatthe
an oddsratio of 1 .0).

point estimateis significantly differentthannormal,baselinedriving (or
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Table 3.21. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of moderate secondarytask and traffic density.

Type of Traffic Density Odds Ratio Lower CL Upper CL
LOS A: Free Flow 0.95 0.63 1.45
LOS B: Flow with Some
Restrictions

0.69 0.39 1.23

LOS C: StableFlow —

ManeuverabilityandSpeedare
moreRestricted
LOS D: Flow is Unstable—
Vehiclesareunableto pass
with temporarystoppages

0.69 0.38 1.26

0.31 0.13 0.76

LOSE: UnstableFlow-
Temporaryrestrictions,
substantiallyslow drivers

1.18 0.59 2.34

Note: numbersin bold font indicatethatthepoint estimateis
an oddsratio of 1.0).

SurfaceCondition

significantly differentthan normal,baselinedriving (or

The surfaceconditionof roadwayshasbeenidentified as a frequentcontributingfactor for
crashesandnear-crashes.Reductionistsusedthe video anddriving performancesensorsto
assessthe statusof the roadwaysurfaces.Thisanalysiswasconductedto determinewhether
driversengagedin inattentivedriving on roadswith poorsurfaceconditions. Table3.22 shows
the frequencyof the drowsinessandsecondary-task-relatedeventsandbaselineepochsfor all six
surfaceconditiontypes.Nearlyall of the eventsand epochsoccurredon dry pavement.

Table3.22. Thefrequencyof drowsiness-andsecondary-task-relatedepochsthatoccurred
at eachroadwaysurfaceconditionlevel.

Surface Frequencyof Frequency of Frequency of Frequency of
Condition Drowsiness-

RelatedCrash
and Near-Crash

Secondary-
Task-Related
Crash and Near-

Drowsiness-
Related Baseline
Epochs

Secondary-
Task -Related
Baseline

Events Crash Events Epochs
Dry 98 197 666 3681
Wet 13 29 83 395

Icy I I 0 3
Snowy 0 0 6 35

Muddy 0 — 0 0 — 0

1Other 0 0 0
Total 112 I 227 755 4115

Figure3.6 showsthe percentagesof drowsiness-related,secondary-task-related,andtotal
baselineepochsthat occurredfor each typeof surfacecondition. Nearly 90 percentof all
drowsiness-related,secondary-task-related,andtotal baselineepochsoccurredon dry pavement,
while very low percentagesoccurredon icy, snowy,andmuddyroads. Nearly identicalpatterns
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were observedfor percentof drowsiness-relatedand totalnumberof baselineepochs,aswell as
for secondary-task-relatedandtotal numberof baselineepochs.This indicatesthatdriversdid
not chooseto engagein secondarytasksor drive drowsyas a functionof the surfaceconditionof
the roadway.
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Road Surface Conditions

Figure 3.6. Percentageof secondary-task-,drowsiness-relatedand total baselineepochsfor
all surface conditions.

Oddsratio calculationswereconductedto determinewhetherthe near-crash/crashrisks
associatedwith driving drowsyor while engagingin complexor moderatesecondarytaskswere
differentas a function of poorsurfaceconditions. Table3.23 presentsthe oddsratioscalculated
for driving drowsy on dry, wet, and icy surfaceconditions. (Oddsratioswerenot calculatedfor
the othersurfaceconditionsbecausetherewereeitherno baselineepochsor no crashor near-
crasheventsobservedfor theseconditions.)Driving while drowsyon eitherdry or wetroadways
increasednear-crashlcrashrisk by at leastthreetimesoverthatof driving alert on a dry or wet
roadway.

The oddsratiosfor engagingin complexsecondarytaskson dry roadwaysincreasednear-
crash/crashrisk by four timesoverthat of driving alert on dry roadways(Table3.24). The
relativenear-crash/crashrisk of engagingin complexsecondarytaskson wet roadwayswas
neithersignificantly differentfrom 1.0 norsignificantly different thandriving alert on awet
roadway. This resultis alsonot intuitive, but maybe duein partto slowerspeedsandincreased
headwaydistancescommonlyoccurring on rainy roadways.

A similarpatternwas found for engagingin moderatesecondarytasks,which was foundto not
be as risky as driving drowsyor while engagingin complexsecondarytasks(Table 3.25). Dry
andwetroadwayswerealsonot significantly riskier thanoneanother,suggestingthat the
interactionfound for the complexsecondarytaskandsurfaceconditionis uniqueto complex-
secondary-taskengagement.
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Table3.23. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of drowsinessand surface condition.

Type of Surface Condition Odds Ratio Lower CL Upper CL
Dry 4.52 3.39 6.03
Wet 3.17 2.03 4.95
Icy N/A N/A N/A

Note: numbersin bold font indicatethatthepoint estimateis significantly differentthannormal,baselinedriving (or
anodds ratio of 1.0).

Table 3.24. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of complex secondarytasksand surface condition.

Type of Surface Condition Odds Ratio Lower CL Upper CL
Dry 4.44 2.88 6.84
Wet 1.03 0.58 1.80
Icy N/A N/A N/A

baselinedrivingNote: numbersin bold font indicatethatthepoint estimateis significantly differentthan normal,
anoddsratio of 1.0).

Table 3.25. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of moderatesecondarytasksand surface condition.

Type of Surface Condition Odds Ratio Lower CL Upper CL
Dry 0.85 0.65 1.12
Wet 0.73 0.47 1.15
Icy N/A N/A N/A

Note:numbersin bold font indicatethatthe point estimateis
anodds ratio of 1.0).

ROADWAY INFRASTRUCTURE

Traffic Control

Thetypeof traffic control devicethat a driver neededto heedeither 5 secondsprior to or during
the courseofthe crashor near-crashwasrecordedby traineddatareductionistsfor the events. If
a driver neededto heeda traffic control deviceduring the 6-secondbaselinesegment,the
reductionistalsomarkedit accordingly. Otherwise,the reductionistsrecordedNo Traffic
Control.

Table3.26 presentsthe frequencyof drowsiness-andsecondary-task-relatedeventsandbaseline
epochswherethe driver washeedinga particulartraffic-controldevice. Most of the eventsand
epochsweremarkedas No Traffic ControL

(or
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Table 3.26. The frequency of secondary-task-relatedcrash andnear-crash eventsand
baseline epochs that were recorded for each type of traffic-control device.

Type of Traffic
Control Device

Frequency of
Drowsiness-
Related Crash
and Near-Crash
Events

Frequency of
SecondaryTask-
Related Crash
and Near-Crash
Events

Frequency of
Drowsiness-
Related Baseline
Epochs

Frequency of
Secondary-
Task-Related
Baseline
Epochs

J~ffic!i~!i_ 13 42 40 614
Stop Sign 2 5 3 73
Traffic Lanes
Marked

2 4 28 273

YieldSign 0 0 2 18
Slowor
Warning Sign

0 0 2 7

j~~sipg~ig~
~a~_

0 0 0 I
0 0 0 8

Officeror
Watchman
No Traffic f
Control

0 0 0 3

91 169 676 3,609

Other 3 3 4 IS
Total 108 223 755 4,114
Note: inattentionis definedasonly thoseeventswheredriverswere involved in secondarytasksorwereseverely
drowsy.

The comparisons between the percentof drowsiness-related,secondary-task-related,andtotal
numberof baselineepochsfor eachtypeof traffic-controldeviceare shownin Figure3.7. The
percentagesare very similar acrossthe board,which indicatesthatdrivers arenot choosingto
engage in secondary tasks or drive while drowsy differently when encountering any of these
traffic control devices. This is not to say that drivers were not engaging in secondary tasks while
safelysitting at a stopsign or traffic light. This typeof analysiscould not beperformedbecause
the vehicleneededto be movingduring the 6 secondsof the epochfor that segmentto qualif~’as
a baselineepoch(asdiscussedin Chapter1: IntroductionandMethod).
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Figure3.7. Percentageof secondary-task-related,drowsiness-related,andtotal numberof
baselineepochsfor eachtype of traffic control device.

Odds ratios were calculated to determine whether engagingin complex or moderate secondary
tasks or driving while drowsy while encountering any of these traffic control devices increased
an individual’s near-crashlcrashrisk (Tables3.27through3.29). The oddsratio calculationsfor
drowsiness suggest that drowsiness, by itself, increases an individual’s risk of being involved in
a crash or near-crash by at least 2.7 times over that of an alert driver encountering the same
traffic-controldevice(Table3.27). Noneof the traffic-control devicesweresignificantly more
risky in the presence of drowsiness than any other traffic-control device.

The oddsratiosfor complex-secondary-taskengagementweresimilar. Engagingin complex
secondarytasks in the presenceof atraffic signal,stopsign, or no traffic-controldevice
increased near-crash/crash risk by at least three times over that of an alert driver at a similar
traffic-control device (Table 3.28). Stop signs or traffic signalswerenot significantly riskier
than no traffic-controldevices. Oddsratiosfor othertraffic-control deviceswerenot available
dueto low statisticalpower.

Theoddsratiosfor moderatesecondarytaskengagementwerenot significantly different from
1.0exceptfor traffic signal (Table3.29). The oddsratio for traffic signalsactuallyshoweda
protectiveeffect, suggestingeither that the traffic signal wasperhapsableto redirectdrivers’
attentionto the forwardroadwayor thatthe presenceof a traffic signalwashighly correlated
with increasedtraffic, which redirecteddrivers’ attentionto the forwardroadway. Overall,
engagingin moderatesecondarytasks is not as risky asdriving drowsyor engagingin complex
secondarytasks in the presenceof anyof thesetraffic-control devices.

Traffic Control Device
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Table 3.27. Odds ratio point estimates and 95 percent confidenceintervals for the
interaction of drowsinessandeachtypeof traffic-control device.

Type of Traffic-
Control Device

Odds Ratio Lower CL Upper CL

Traffic Signal 2.71 1.90 3.85
Stop Sign 5.55 2.71 11.36

Traffic Lanes
Marked

5.57 2.43 12.78

No Traffic
Control

4.83 3.60 6.48

Note: numbersin bold font indicatethat thepoint estimateis significantly different thannormal,baselinedriving (or
anoddsratio of 1 .0).

Type of Traffic-
Control Device

Odds Ratio Lower CL Upper CL

Traffic Signal 3.14 2.15 4.58
Stop Sign 3.27 1.38 7.75
No Traffic
Control

4.02 2.47 6.54

Note: numbersin bold font indicatethatthe point estimateis significantly different thannormal,baselinedriving (or
anodds ratio of 1.0).

Table 3.29. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of moderate secondary tasks and each type of traffic-control device.

Type of Traffic-
Control Device

Odds Ratio Lower CL Upper CL

Traffic Signal 0.41 0.28 0.59
Stop Sign 0.73 0.34 1.56
Traffic Lanes
Marked

2.29 0.98 5.31

No Traffic 0.92
Control

0.70 1.22

Note: numbersin bold font indicatethatthepoint estimateis significantly differentthannormal, baselinedriving (or
anoddsratio of I 0).

The relation tojunction variablewasalsoadaptedfrom the GESCrashDatabaseto referto
whether the driver was in close proximity to a roadway junction. If the onset of a crash or near-
crash occurred in or near an intersection, merge ramp, or interchange, the event was recorded as
such; otherwiseit was recordedas anon-junction. Likewise, if the vehiclepassedthroughan
intersection,interchange,or entereda mergerampduring the 6-secondsegmentof the baseline
epochs,thenthe appropriaterelationto junction variablewas recorded.Otherwise,non-junction

Table 3.28. Odds ratio point estimates and 95 percent confidenceintervals for the
interaction of complex secondary tasks and each type of traffic-control device.

Relation to Junction
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wasrecordedfor that baselineepoch.The differenttypesofjunctionsusedby datareductionists
arepresentedin Table3.30 alongwith the frequencyof secondary-task-anddrowsiness-related
eventsandbaselineepochs.Notethat mosteventsandepochswerenot nearroadwayjunctions
(i.e., theywere“non-junction”).

Table 3.30. The frequency of drowsiness-and secondary-task-relatedevents andepochs
that were recorded for each type of relation to junction.

—Typeof Relation
to Junction

Frequency of
Drowsiness-
Related Crash
and Near-Crash
Events

Frequency of
Secondary-
Task-Related
Crash and
Near-Crash
Events

Frequency of
Drowsiness-
Related Baseline
Epochs

Frequency of
Secondary-
Task-Related
Baseline
Epochs

Intersection 17 — 42 30 257

Intersection-
Related

Il 22

28

232

Entrance/Exit
Ramp

7 11
15 —

65

ParkingLot 0 5 4 — 112
Driveway/Alley
Access

0 3
2

Is

Interchange I — 2 1 10
Rail Grade
Crossing

0 0
0

0

12Other 0 — 0 1 —

Non-Junction 75 — 140 674 —

— 755 —

3,412
Total 111 — 226 4,115
Note: inattentionis definedas only thoseeventswheredriverswereinvolved in secondarytasksorwereseverely
drowsy.

Figure3.8 presentsthe percentagesof drowsiness-related,inattention-related,andtotal number
of baselineepochsoccurringateachof thejunction types.Note thatnon-junctionaccountedfor
84 percentof the secondary-task-relatedbaselineepochsas well as of the total baselineepochs.
There were very small differences between the percentagesof secondary-task-relatedandtotal
number of baseline epochs, suggesting that there are only small differences between the
percentages of time spent engaging in secondarytaskswhereasencounteringthesejunctionsand
how often drivers encounter these types ofjunctions. There were slight differencesin the
percentageof drowsiness-relatedepochsandtotal epochs,suggestingthata higherpercentageof
drowsiness-relatedepochsoccurredat non-junctionsthanator nearintersections.This may
suggestthat drivers maybe morerelaxed(under-stimulated)andmay succumbto drowsiness
effectsmore often while navigatingthrough less-demandingenvironments.
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Figure 3.8. Percentageof secondary-task-related,drowsiness-related,and total number of
baselineepochsfor each relation to junction.

To determinewhetherany of thesetypesofjunctionspresenthighernear-crash/crashrisks for
inattentivedrivers,the oddsratios for eachwerecalculated(Tables3.31 through3.33). The
resultsfor the drowsiness-relatedoddsratios indicatethatnear-crash/crashrisk increasedby at
leastthreetimesfor driverswhowere navigatingintersections,entranceramps,and interchanges
thanfor thosedriverswho werealertat similarjunctions(Table3.31). Also, driving while
drowsyin general(i.e., non-junction)increasesadriver’s near-crash/crashrisk by asmuchas
five timesoverthat of an alertdriverencounteringsimilar roadwayjunctions.

Engagingin complexsecondarytaskswhile in a parkinglot or nearan intersectionincreased
near-crash/crashrisk overthat of an alertdriverat thejunction type(Table 3.32). Somewhat
surprisingly,the oddsratio for anintersectiondid not demonstratean increasednear-crash/crash
risk. Driversmay be morecareful or evenavoid engagingin complextasksduring intersections
as thesearevisually andcognitively demandingenvironments.The oddsratio for engagingin
complexsecondarytasks in a parkinglot wasvery high, with an increasednear-crash/crashrisk
of nine timesover that of an alert driver in a parking lot. This is somewhathigherthanwas
expected,however,thereis awide confidenceinterval surroundingthis pointestimate.

The oddsratiosfor engagingin moderatesecondarytasksshoweda similar patternto complex
secondarytasks,in that the oddsratio for intersectionwas lower thanfor intersection-relatedor
parkinglot (Table3.33). While the patternis similar, generallythe oddsratiosfor moderate
secondarytasksarenot significantly different from 1.0, with the exceptionof intersection.This
suggeststhatengagingin moderatesecondarytasks is not as risky asengagingin complex
secondarytasksor driving while drowsyin the presenceof thesetypesof roadwayjunctions.

&

Relation to Junction
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Type of Relation
to Junction

Odds Ratio Lower CL Upper CL

Intersection 3.48 2.17 5.59
Intersection-
Related

6.82 4.10 11.35

Entrance/Exit
Ramp

3.21 1.81 5.71

Interchange 5.86 2.39 14.35
Non-Junction I 5.02 3.65 6.90

Note:numbersin bold font indicatethat the point estimateis significantly differentthannormal, baselinedriving (or
anodds ratioof 1.0).

Table 3.32. Odds ratio point estimatesand 95 percent confidenceintervals for the
interaction of complex secondarytasksand eachtype of relation to junction.

Type of Relation Odds Ratio Lower CL Upper CL
to Junction
Intersection 1.59 0.86 2.97
Intersection- 3.32 1.73 6.38
Related
Parking Lot 9.11 3.76 22.07

Note:numbersin bold font indicatethatthe point
anoddsratio of 1.0).

estimateis significantly differentthannormal,baselinedriving (or

Table3.33. Odds ratio point estimatesand 95 percentconfidenceintervals for the
interaction of moderate secondarytasksand eachtype of relation to junction.

Type of Relation Odds Ratio
to Junction

Lower CL Upper CL

Intersection 0.50 0.31 0.81
Intersection- 0.63 0.37 1.44
Related
Entrance/Exit 1.12 0.61 2.05
Ramp
ParkingLot 0.65 0.29 1.44
Driveway/Alley 2.00 0.64 6.28
Access
Interchange 2.57 0.89
Non-Junction 0.95 0.70

7.46
— 1.30

Note: numbersin bold font
an odds ratio of I 0).

indicatethat thepoint estimateis significantly differentthannormal,baselinedriving (or

Table 3.31. Odds ratio point estimatesand 95 percentconfidence intervals for the
interaction of drowsinessand eachtype of relation to junction.
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SUMMARY

Two primaryresearchquestionswereaddressedin this chapter:
• Do driverschooseto engagein secondarytasksor drive drowsyduring moredangerous

or adverseenvironmentalconditions?
• Are anyof theseenvironmentalconditionsriskier thanothersfor inattentivedrivers?

Both of thesequestionswereaddressedfor eight differentenvironmentalconditions:ambient
lighting, weather,roadtype,roadwayalignment,traffic density,surfacecondition,traffic-control
device,andrelationto junction. The resultsfor the first questionindicatethat far fewer
drowsiness-relatedbaselineepochswereobservedduring the daylight hoursthandrowsiness-
relatedcrashesandnear-crashes.Secondly,agreaterpercentageof drowsiness-relatedbaseline
epochswereidentified duringdarknessthandrowsiness-relatedcrashesandnear-crashes.
Drowsinesswasalsoseento slightly increasein the absenceof high roadwayor traffic demand.
A higherpercentageof drowsiness-relatedbaselineepochswerefoundduring free-flow traffic
densities,on divided roadways,andareasfree of roadwayjunctions.

The resultsfor the secondquestionweremorevaried. Eachof the eightenvironmental
conditionsresultedin oddsratiosgreaterthan 1.0 for bothdrowsinessandengagingin complex
secondarytasks. Engagingin moderatesecondarytasksrarely resultedin oddsratios
significantly greaterthan 1.0, indicating that thesebehaviorsmaynot be as risky asdriving
drowsyor driving while engagingin complexsecondarytasks.

In Chapter2, Objective1, the oddsratio for risk of driving while drowsy was four to six times
that of normal,baselinedriving, engagingin complexsecondarytaskwas threetimes,and
engagingin moderatesecondarytaskswas two timesthat of analert driver. In this chapter,these
total oddsratiosdecreasedwhencomparingacrossenvironmentalconditions. While a decrease
is to be expectedwhennarrowing the focusof the analysis,it shouldalsobe noted all threetypes
of tasksarestill riskier thanattentivedriving.

The baselinedatasetalsoprovided someinterestingresults. For example,driversareoperating
their vehiclesduringthe daytime,on dry pavement,andon straight,non-junctionroadwaysa
majority of the time. While nighttimedriving, adverseweatherconditions,intersections,and
otherdifficult roadwaygeometriesincreaseindividual near-crash/crashrisk, it is importantto
notethatmanycrashesandnear-crashesoccurin the absenceof theseadverseconditions.

While manyof theseresultsareof interestto humanfactorsresearchers,roadwaydesigners,and
urbanplanners,it is importantto rememberthatthesedatawere collectedonly in a metropolitan,
urbandriving environment(Northern Virginia/Washington,DC, metropolitanarea).The results
areonly generalizableto otherurban/metropolitandriving environmentsandnot to the United
Statesdriving populationin general.

It is importantto note that the 20,000baselineepochsusedin theseanalysesandcalculationsof
relativenear-crash/crashrisk were not selectedbaseduponanyof the aboveenvironmental
variables. Theseepochswere selectedat randomandtheseenvironmentalconditionswerenot
usedin the samplingprocedure.Somedegreeof cautionis suggestedin the interpretationof
theserelativenear-crash/crashrisksgiven that the baselineepochswerenot selectedto
specificallyassessenvironmentalvariables.
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Whilepopulationattributablerisk percentageswerecalculatedin Chapter2 whenassessingthe
genera!effectsof the four typesof driver inattention,populationattributablerisk percentages
werenot calculatedfor the environmentalconditionsdiscussedin the currentchapter. Because
the environmentalconditionswerenot consideredwhenselectingthe baselinesample,a
populationattributablerisk percentagecalculationwould only be agrossestimate.

Even aftercollectingdatafor 12 monthson 100vehicles,therewerestill many environmental
variableswith insufficient statisticalpowerto accuratelycalculateoddsratios. A largerscale
naturalisticdriving studyis neededto not only obtainaccurateandvalid measuresfor manyof
the variablespresentedin this chapter,but alsofor moregeneralizableresultsto the UnitedStates
driving population.
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CHAPTER4: OBJECTIVE 3, DETERMINE THE DIFFERENCESIN DEMOGRAPHIC
DATA, TEST BATTERY RESULTS, AND PERFORMANCE-BASED MEASURES
BETWEEN INATTENTIVE AND ATTENTIVE DRIVERS. HOW MIGHT THIS
KNOWLEDGE BE USED TO MITIGATE THE POTENTIAL NEGATIVE
CONSEQUENCES OF INATTENTIVE DRIVING BEHAVIORS? COULD THIS
INFORMATION BE USEDTO IMPROVE DRIVER EDUCATION COURSESOR
TRAFFIC SCHOOLS?
For this researchobjective,statisticalanalyseswereconductedusingthe frequencyof drivers’
involvementin inattention-relatedcrashesandnear-crashescomparedto eachdriver’s composite
testbatteryscoreor relevantsurvey response(Table4.1). The debriefform andthe health
assessmentquestionnaireswerenot includedas they are not personalityassessmenttests. A
discussionof how theseresultscould be usedto mitigatepotentialnegativeconsequencesof
inattentivedriving and/orused in traffic schoolsanddriverseducationcourseswill alsobe
addressedin thischapter.
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Table 4.1. Description of questionnaire and computer-basedtestsusedfor 100-Car Study

I Nameof Testing Type of Test Time test was Brief description

Procedure administered

1. Driverdemographic
information

1 Paper/pencil Tn-processing Generalinformationon drivers
age,gender,etc.

2. Driving History Paper/pencil In-processing Generalinformation onrecent
trafficviolations andrecent
collisions.

3. Healthassessment
questionnaire

Paper/pencil In-processing List of varietyof
illnesses/medicalconditions/or
anyprescriptionsthat mayaffect
driving performance.

4. Dula Dangerous
Driving Index

Paper/pencil in-processing Onescorethat describesdriver’s
tendenciestowardaggressive
driving.

5. SleepHygiene Paper/pencil In-processing List of questionsthat provide
informationaboutdriver’s
generalsleephabits/substance
use/sleepdisorders.

6. Driver StressInventory Paper/Pencil In-processing Onescorethatdescribesthe
perceivedstresslevelsdrivers
experienceduringtheirdaily
commutes.

7. Life StressInventory Paper/pencil In-processing/Out-
processing

Onescorethatdescribesdrivers
stresslevelsbasedupon the
occurrenceof majorlife events.

8. Useful Field-of-view Computer-
basedtest

In-processing Assessmentof driver’s central
vision andprocessingspeed,
divided andselectiveattention.

9. Waypoint Computer-
basedtest

In-processing Assessmentof the speedof
information processingand
vigilance.

10. NEO-FFI Paper/pencil In-processing Personalitytest.

11. Generaldebrief
questionnaire

Paper/pencil Out-processing List ofquestionsrangingfrom
seatbeltuse,driving underthe
influence,andadministrationof
experiment.

DATA INCLUDED IN THESE ANALYSES

For theanalysesin this chapter,crashesandnear-crashesonly will be used(incidentswill be
excludedfrom theanalyses).In Dingusetal., (2005) the analysesindicatedthat the kinematic
signaturesof both crashesand near-crasheswerenearly identical;whereasthe kinematic
signatureof incidentsweremorevariable. Giventhisresultand to increasestatisticalpower, the
data from both crashesandnear-crasheswill be usedin the comparisonof questionnairedatato
the frequencyof driver involvementin inattention-relatedcrashesandnear-crashes.

Note that inattention-relatedcrashesandnear-crashesaredefinedasthoseeventsthat involve the
driverengagingin complex,moderate,or simplesecondarytasksor driving while drowsy.
Pleasenotethat in Chapter2, driving-relatedinattentionto theforward roadwaywasdetermined
to possessa protectiveeffectandthereforewasremovedfrom the definition of driving
inattention. Non-spe4ficeyeglanceawayfromtheforward roadwaywasalsoshownto not be
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Figure 4.1. The frequency of inattention-related crashesand near-crashesby driver in
order from low frequency to high frequency.

While it is apparentthatthereareseveralwaysto define “high” and“low” levelsof involvement
in inattention-relatedcrashesandnear-crashes,usingthe meanas a dividing pointhasbeenused
by manyotherresearchers,andgiven the exploratorynatureof theseanalyses,it providesa fairly

significantly different from normal,baselinedriving; therefore,theseeventswerealsoremoved
from the analysis.

ASSIGNMENT OF INVOLVEMENT LEVEL FOR DRIVERS

The first stepto conductthe analysesfor this researchobjectiveis to logically split the subjects
into groupsof involvementin inattention-relatedcrashesand near-crashes.Figure4.1 showsthe
distributionof all of the primarydriversandthe frequencyof involvementin inattention-related
crashesandnear-crashesfor this study. The medianandmeanlevelsaremarkedon the figure.
Note that thereare36 primarydriverswhowerenot involved in anyinattention-relatedcrashes
or near-crashes.Therestof the primarydriverswereinvolved in Ito 15 inattention-related
crashesand/ornear-crashes.

The meanfrequencyvaluewas usedto separatethe drivers into two groups:thosedrivers who
had“high involvement” in inattention-relatedcrashesandnear-crashesandthosedriverswho
had“low involvement”in inattention-relatedcrashesandnear-crashes.Therefore,anydriver
who was involved in four or more inattention-relatedcrashesand/ornear-crasheswas labeledas
“high involvement”anddriverswho wereinvolved in fewer thanfour inattention-relatedcrashes
and/ornear-crasheswerelabeledas having“low involvement.” A separatesecondaryanalysis
wherethedrivers wereseparatedinto threelevelsof involvementwill be discussedat theendof
this chapter.
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conservativemeasureuponwhichto divide the drivers,yet still preservesanydifferencesthat
mayexistbetweenthosedriverswho havetendenciesto be involved in frequentinattention-
relatedcrashesandnear-crashesandthosewhoexhibit fewertendencies.Table 4.2providesthe
descriptivestatisticsfor the drivers’ respectivegroupdivisions.

Thischapterwill first presentresultsusingt-testsandcorrelationsto describeanydemographic
or testbatteryscoredifferencesthat existbetweendriverswith high andlow involvementin
inattention-relatedcrashesandnear-crashes.A separateanalysisusinganalysisof varianceand
correlationswill thenbe conductedto describeanydemographicor testbatterydifferences
amonghigh,moderate,andlow involvementin inattention-relatedcrashesandnear-crashes.
Giventhat theseanalysesareexploratoryin nature,two analyseswereconductedto providea
thoroughinvestigationof the demographicandtestbatteryscoresfor thesedrivers. Finally, a
logistic regressionanalysiswill be presentedto assessthe predictabilityof anyof these
demographicdata or testbatteryscores.After theseanalyses,adiscussionon the usefulnessof
thesetestbatteriesformitigating distracteddriving as well as suggestionsfor improvingdriver
education programs will be presented.

Table 4.2, Descriptive statistics on drivers labeled “high involvement” and “low
involvement” in inattention-related crashes and near-crashes.

Statistic ] High Involvement Low Involvement
Numberof drivers 27 78
Mean (if of Inattention-Related
CrashesandNear-crashes)

7.6 0.95

Median 6 1
Mode 5 0
Standarddeviation 3.9 1.1
Minimum 4 0
Maximumnumberof events 15 3
Numberof crashes 25 14
Numberof near-crashes 179 61

ANALYSIS ONE: T-TEST ANALYSIS FOR THE “LOW AND HIGH INVOLVEMENT
IN INATTENTION-RELATED CRASHES AND NEAR-CRASHES”

Demographic Data Analyses

The list of driverself-reporteddemographicdataandsurveydata is shown in Table4.3.
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Table 4.3. Driver self-reported demographicdata summary.

Demographic/Survey Data Information Presented
I. Driver DemographicInformation Age

Gender
Yearsof driving experience

2. Driving History Numberof traffic violations in
past5 years
Numberof accidentsin pasts
years

3. HealthAssessment Frequencyof healthconditions
Frequencyof type of health
condition

4. SleepHygiene Daytimesleepinessscale
Numberof hoursof sleepper
night

Driversreportedtheir respectivedemographicdata,driving history (e.g.,numberof citations
receivedin the past5 years),healthstatus,and sleephygieneusingfour separatesurveys. T-tests
wereconductedto determineif anystatisticaldifferencesexistedbetweenthe inattentiveand
attentivedrivers. A completelisting of all t-testsandANOVA tablesis in AppendixD.

Driver Age. Figure 4.2 showsthe averageageofthe high- andlow- involvementdrivers. A t-

testwas conductedto determinewhetherthereweresignificantdifferencesin age between
groups. The resultssuggestthatthe high-involvementdriversweresignificantly youngerthan
the low-involvementdrivers, t (102)= 7.07, p = 0.009.
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Figure 4.2. Averageage of the high- and low-involvement drivers in inattention-related
crashesand near-crashes.
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To determinewhetherparticularagegroupswere morelikely to drive while inattentive,the
driversweresplit up into six agegroupsandthe numberof eventsfor eachgroupwascalculated
andplottedin Figure4.3. Resultsfrom a chi-squarestatisticaltest indicatedthat the 18- to 20-
year-olddrivershadsignificantlymoreinattentiveeventsthandid anyof the otherage groups: K
(5) = 39.93,p >0.01.
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Figure 4.3. The frequency of inattention-related crashes and near-crashes for each age
group by involvement group.

Gender. An analysisof thegendermake-upof boththe high- andlow-involvementdrivers was
alsoconducted.Note that 60.6percentof all primarydriversweremaleand39.4 percentwere
female. The breakdownfor high- andlow-involvementdriversis shownin Figure4.4. Males
wereinvolved in morecrashesandnear-crashesthanwerethe femaledrivers. However,it
appearsthatthe femaledriverswereinvolved in ahigherpercentageof inattentioneventsthan
were themaledrivers. This suggeststhat whenfemalesareinvolved in crashesandnear-crashes,
theyaremorelikely to be inattention-related.Males,on the otherhand,havea higherrateof
crashandnear-crashinvolvementbut a slightly lower likelihood of inattentionservingasa
contributingfactor.
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Yearsof Driving Experience.An analysisof the numberof yearsof driving experiencewas
alsoconducted.Figure4.5 showsthathigh-involvementdrivershadfeweryearsof driving
experiencethandid the low-involvementdrivers. Again, a t-test wasconductedandthe results
suggestthat the high-involvementdrivers hadsignificantly feweryearsof experiencethan did
the low-involvementdrivers:t(99) 7.6, p = 0.007. Giventhatdriversin the UnitedStates
generallyreceivetheir driver’s licensesatage 16, this result is mostlikely correlatedwith age.

Figure 4.4. Gender breakdown of high-involvementdrivers.
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Figure 4.5. Average years of driving experiencefor drivers with high- and low-
involvement in inattention-related crashesand near-crashes.

Drowsiness. Drivers were administered an abbreviated version of the Walter Reed Sleep
HygieneQuestionnaireto assesstheir sleephabits. An abbreviatedversionwasusedto reduce
the amountof time requiredof driversduring in-processing.Therewere31 questionson this
abbreviatedquestionnaire.Thisquestionnairewasnot designedto provideonecompositescore
or rank driver drowsinesson severalscales. Therefore,to explorethe relevanceof this
questionnaireto inattention-relatedevents,two of the questionshavebeenidentifiedas the most
representativeof the entirequestionnaire.Thesetwo questionsare:

1. Rank<on a scaleof 1 to 10> the extentto whichyou currentlyexperiencedaytime
sleepiness?

2. How manyhoursdo you sleep<per night>?

DaytimeSleepiness.The averagescoresthat the high- andlow-involvementdriversprovided
whenrating their daytimesleepinesslevelson ascalefrom Ito 10 indicatedthathigh-
involvementdriversratedthemselvesslightly higher (i.e., moresleepy)thanthe low-
involvementdrivers(inattentive= 4.8, attentivedrivers= 3.9). While this resultwasnot
significant,the t-valueapproachedsignificance:t (99) = 3.6, p = 0.06.

Hoursof Sleep. An analysisof the averagenumberof hoursof sleepexperiencedby high- and
low-involvementdriverswasalsoconducted.Both high-and low-involvementdrivers’ average
hoursof sleepreportedwere7.0 hours,which wasnot significant. Giventhat no significant
resultswereobtainedfor thesetwo questions,no furtheranalysesusingthis questionnairewere
conducted.
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Driving History

Numberof Traffic Violations. All driverswere askedto report the numberof traffic-violation
citationsthat theyhadreceivedduringthe 5 yearsprior to the startof the 100-CarStudy. This
self-reportedvaluewasanalyzedby comparingthe numberof high-involvementdriverviolations
to low-involvementdriver violations. Figure4.6 showsthathigh-involvementdrivershada
higheraveragenumberof violationsthandid the low-involvementdrivers. A t-test was
conductedwhichresultedin a significantfinding, t(101)4.9, p = 0.03.

Number of Collisions. All driverswerealso askedto report the numberof collisions that they
hadbeeninvolved during the 5 yearspriorto the startof the study. Figure4.6 alsoshowsthat
high-involvementdriversreportedinvolvementin only slightly morecollisions thanthe low-
involvementdrivers. Thisresultwasnot significantat a 0.05 probability level.
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TestBatteryAnalyses

Table 4.4 providesa list of the testbatteriesthat wereadministeredto the driverseitherprior to
the onsetof the studyor at the completionof the study. Analysesof eachof thesetestbatteries
will follow.

a Low in’~.ol.ement1
0 High ln~ol~ement

Violations Collisions

Self-reported involvement in traffic violations and collisions for 5 years prior to
the onset of the 100-Car Study.
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Table 4.4. Test battery namesand scores.

Test Battery Name Test Battery Score
Life Stress Inventory • Life Stress Score
Driver StressInventory • Aggression

• Dislike of Driving
• HazardMonitoring
• Thrill-Seeking
o Drowsiness-

Proneness
Dula DangerousDriving Inventory • DDDI Dangerous

Driving Total Score
• NegativeEmotional

Driving Subscore
• Aggressive Driving

Subscore
• Risky Driving

Subscore
NEO Five FactorInventory . • Neuroticism

• Extroversion
• Opennessto

Experience
• Agreeableness
• Conscientiousness

Life Stress Inventory. The Life Stress Inventory was administered to the drivers after data
collection as the entirequestionnaireinstructedthe driversto record life stressorsexperienced
during the past 12 months, which corresponded to the duration of data collection. A composite
score was then calculated based upon the type of stressors that each driver experienced and an
overall life stress score ranged from 0 to 300. Unfortunately, only 65 primary drivers returned
afterdatacollectionto completethisquestionnaire.

T-testswereconductedto determinewhetherthe overall Life StressInventoryscoreswere
significantly differentbetweenthe high- andlow-involvementdrivers. No significant
differences were observed as both groups scored in the low stress level category (high-
involvement= 154.6and low-involvement= 125.4). Otherdescriptivestatisticsof the Life
StressInventoryareprovidedin Table 4.5. Note that the highestLife StressScorewas for a low-
involvementdriver.

Table45. Life Stress Inventory descriptive statistics.

Statistic High Involvement Low Involvement
N 15 50
Mean 154.6 125.4
StandardDeviation 104.1 113.0
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Driver StressInventory. The Driver StressInventorywasdevelopedby Matthews,Desmond,
Joyner,Carcary,andGilliland (1996) to assessan individual driver’s vulnerability to
tommonplacestressreactionswhile driving, suchas frustration,anxiety,andboredom.The five
driver stressfactorsthat the Driver StressInventoryassessesare(I) aggression,(2) dislike of
driving, (3) hazard-monitoring,(4) thrill-seeking,and(5) fatigueproneness.Compositescores
for eachdriverstressfactorareprovided. The Driver StressInventorywasoriginally validated
by correlatingresponseswith driver’s self-reportof violations andcollisions,otherdriver
behaviorscales(Driver Coping Questionnaire)andthe NEO Five-FactorInventory. The Driver
StressInventoryhasbeenusedwidely in transportationresearch.

T-testswereconductedto seewhetheranysignificantdifferencesoccurredfor thehigh- andlow-
involvementdrivers for eachof the five driving stressfactorscores.None of the t-testsindicated
significantdifferencesbetweendrivergroups. Onepossibility for this result is that thesedrivers
areall urbanandmayall befairly uniform on scalessuchas hazardmonitoringandaggressive
driving; therefore,no differencesexistedin this populationfor thesedriverassessmentscales.
Descriptivestatisticsfor eachof the five driverstressfactorsis providedin Tables4.6 through
4.10below. Theseresultssuggestthatthe Driver StressInventoryscoresfor anyof the five
driverstressfactorsshowno associationwith the occurrenceof inattention-relatedcrashesand
near-crashes.

Table4.6. Descriptive statisticson the drivers with high and low involvement in

inattention-related crashesand near-crashesfor the driver stressfactor scaleof aggression.

Statistic High Involvement Low Involvement
N 27 76
Mean 48.5 46.4
StandardDeviation — 12.1 J 15.5

Table 4.7. Descriptive statistics on the drivers with high and low involvement in
inattention-related crashesand near-crashesfor the driver stressfactor scaleof dislike of

driving.

I Statistic High Involvement LowInvolvement
[N 26 76

LMean 33.0 31.9
StandardDeviation — 10.1 10.3

Table4.8. Descriptivestatisticson thedriverswith high andlow involvementin
inattention-related crashesand near-crashesfor the driver stressfactor scaleof hazard

monitoring.

High Involvement FLow Involvem~i]
N 27 76
Mean
StandardDeviation

64.9
11.2

68.9
11.8
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Table4.9. Descriptive statistics on the drivers with high and low involvement in
inattention-related crashesand near-crashesfor the driver stressfactor scaleoffatigue

proneness.

Statistic High Involvement Low Involvement
N 26 76
Mean 39.7 36.7
StandardDeviation 13.6 13.1

Table4.10. Descriptive statistics on the drivers with high and low involvement in
inattention-related crashesand near-crashesfor the driver stressfactor scaleof thrill-

seeking.

Statistic High Involvement Low Involvement
N 27 75
Mean 28.5 25.1
StandardDeviation 16.6 16.3

{
I

Dula DangerousDriving Inventory. The Dub DangerousDriving Inventory provides a
measureof a driver’s likelihoodto engagein dangerousbehaviors. While the scalemaintained
strong internalreliability, it wasvalidatedusingadriving simulatorandnot anyactualdriving on
a test trackor on actualroadways(Dula andBallard, 2003). The currentanalysisis oneof the
first analysesof this inventoryusingdriving dataon real roadwaysandin real traffic conditions.
Therearefour scalesthat the Dula DangerousDriving Index measures,theseare(1) Overall
Dula DangerousDriving Index,(2) NegativeEmotionalDriving Subscale,(3) Aggressive
Driving Subscale,and(4) Risky Driving Subscale.

T-testswereconductedon eachof the four scalesto determinewhetherhigh-involvementdrivers
hadasignificantly different likelihoodof engagingin dangerousbehaviorthandid the low-
involvementdrivers. No significantdifferenceson anyof the four scaleswereobserved. The
descriptivestatisticsfor eachof the four scalesarepresentedin Tables4.11 through4.14.

Table 4.11. Descriptive statistics on the drivers with high and low involvement in
inattention-related crashesand near-crashesfor the Dula DangerousDriving Scalefor

Dula Dangerous Driving Index.

rStatistic High Involvement Low Involvement
IN 27 77
Mean 54.04 I 51.61
StandardDeviation 10.46 11.42

Table 4.12. Descriptive statistics on the drivers with high and low involvement in
inattention-related crashesand near-crashesfor the Dula DangerousDriving Scale

NegativeEmotionalDriving Index.

Statistic High Involvement Low Involvement
N 27 77
Mean 22.11 21.23
Standard Deviation 4.59 4.9
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Table 4.13. Descriptive statisticson the drivers with high and low involvement in
inattention-related crashesand near-crashesfor the Dula DangerousDriving Scale

AggressiveDriving.

I Statistic High Involvement Low Involvement
N 27 77
Mean 11.89 11.51
StandardDeviation 4.15 3.78

Table 4.14. Descriptive statistics on the drivers with high and low involvement in
inattention-related crashes and near-crashes for the Dula Dangerous Driving Scale Risky

Driving.

Statistic I High Involvement Low Involvement
N [ 27 77
Mean 20.04 18.94
StandardDeviation 3.88 4.48

NEO PersonalityInventory -- Revised. The NEOFive-Factor Inventory is a five-factor
personalityinventorythat obtainsindividual’srankingon the following five scales: neuroticism,
extraversion,opennessto experience,agreeableness,andconscientiousness.

Extensiveresearchhasbeenconductedcorrelatingthe personalityscalesof neuroticism,
extraversion,agreeableness,andconscientiousnessto crashinvolvement(ArthurandGraziano,
1996; Fine, 1963; Loo, 1979; and Shaw and Sichel, 1971). While the hypothesis that drivers
with certainpersonalities would more likely be involved in accidents seems reasonable, the
resultsof this researchare mixed. Someof the issuesinvolvedwith thesemixedresultsarethat
self-reporteddriving historiesanddriving behaviorquestionnaireshavebeencorrelatedwith
personalityscalesbut very little actualdriving datahasbeenused.

Neuroticism. The neuroticismscaleis primarily ascalecontrastingemotionalstabilitywith
severeemotionalmaladjustment(depression,borderlinehostility). High scorersmaybe atrisk
for somekindsof psychiatricproblems(CostaandMcCrae,1992).

T-testswereconductedcomparingthe high-and low-involvementdrivers. Theseresults
indicated that there were no significant differences with the low-involvement drivers obtaining
mean scores of 26.7 and the high-involvement drivers obtaining a mean score of 20.6. The low-
involvement drivers’ average score of 26.7 places them in the “high” neuroticismcategoryon a
scalefrom Very High (67-75)to Very Low (25-34). The high-involvementdriversaveragescore
placed them in the category of “Average” which ranged in scores from 14 to 21.

Extraversion. The extraversion scale is a scale that measures not only sociability but also
assertiveness, general optimism and cheerfulness. People who score lower on this scale are not
pessimistsbut ratherprefersolitude,aregenerallymoresubduedin expressingemotionand
demonstrate higher levels of cynicism (Costa and McCrae, 1992).

T-testsconductedon the extraversionscaleshowedthat low-involvementdriversrated
significantly higherthan did the high-involvementdrivers,t(I03) = 7.03,p = 0.01. Figure4.7
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showsthe two groupsscoreswith high-involvementdriversrankingas “Average” andthe low-
involvementdriversranking“High.”

Figure 47. Personality scoresfor the extraversion scaledemonstrating significant
differencesbetweendrivers with high and low involvement in inattention-related crashes

and near-crashes.

Opennessto Experience.The opennessto experiencescaleis ameasureof one’swillingnessto
explore,entertainnovel ideas,andacceptunconventionalvalues. Thosewho scorelower on this
scaleupholdmoreconventionalvaluesand aremore conservativein actionandbeliefs. While
someintelligencemeasuresarecorrelatedwith scoringhigh on the“opennessto experience”
scale, this is not a measure of intelligence on its own (Costa and McCrae, 1992).

Resultsfrom at-test on the Opennessto Experience-scalealso revealedstatisticallysignificant
differencesbetweenthe high- and low-involvementdrivers, t(103)= 4.03, p = 0.05. Figure4.8
showsmeanscoresfor both groups.Thesemeanscoressuggestthat the high-involvement
drivers scored in the “Average Openness to Experience Range” but that the low-involvement
drivers scored in the high range.
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Figure 4.8. Personality scoresfor the opennessto experiencescaledemonstrating
significant differences between drivers with high andlow involvementin inattention-

relatedcrashesandnear-crashes.

Agreeableness.The agreeablenessscaleis a measureof altruistic andsympathetictendencies
versusegocentricandcompetitivetendencies.Thosedriverswho scorehigher on this scalemay -

be moreconcernedaboutthe driversin their vicinity while thosewho scorelower mayview
driving moreasacompetition(CostaandMcCrae,1992).

The meanscoreson the agreeablenessscalefor both high- andlow-involvementdrivers
indicatedthatthe low-involvementdriversscoredsignificantly higher on theagreeablenessscale
than did the high-involvement drivers, t (102)= 8.26,p = 0.005. High-involvementdrivers
scored solidly in the middle of the “Average” range while the low-involvementdriversscored
nearthe top of the “High” range(Figure4.9).
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Figure 4.9. Personality scoresfor the agreeablenessscaledemonstrating significant
differences between drivers with high and low involvement in inattention-related crashes

and near-crashes,

Conscientiousness.The conscientiousnessscaleis not asmuch ameasureof self-controlbut of
individual differencesin the tendenciesandabilitiesto plan,organize,andperformtasks. Highly
conscientiousindividualsarepurposeful,strong-willed,andhighly determinedindividualswho
generallyfall into categoriesof highly skilledmusiciansor athletes. Individualswho scorelower
on this scalearenot as drivento achievementof goalsandwhile theymaypossessgoals,are less
likely to maintain schedules and practices that will result in the achievement of these goals
(Costa and McCrae, 1992).

The meanconscientiousnessscoresfor both high- andlow-involvementdriversalsoresultedin
significant differences, t (103) = 6.62, p = 0.01. The mean score for the high-involvement group
indicatedthat theyscorednearthe top of “Average” andthe low-involvementgroupscoredin
the middleof “High” (Figure4.10).
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Figure 4.10. Personality scoresfor the conscientiousnessscaledemonstrating significant
differences betweendrivers with high and low involvement in inattention-related crashes

and near-crashes.

The resultsof the NEO Five-FactorInventorysuggestthat somedifferencesexistbetweenthe
high- andlow-involvementdrivers. The low-involvementdriversscoredin the “high” or “very
high” levels of extroversion,opennessto experience,agreeableness,andconscientiousness.The
high-involvementdriversscoredeither “High” or “Average” on all of thesescalesindicating
more moderate tendencies in each of these areas of personality.

Performance-based test analyses

~~ypQifli. The WayPoint computer-basedtestprovidesacompositescoreon four driver
characteristics,as follows:

1. Channelcapacity:Speedof informationprocessing.
2. Preventablenear-crash/crashrisk: Ranksadriveron a scaleof I to 4 from

significantly lower than average (odds ratio of 0.4) to greatly aboveaverage(odds
ratioof 6.2 or higher).

3. The expectednumberof movingviolations in the next5 years.
4. Expectedseatbelt use.

Previoustesting by NHTSA indicatedthat this testcould identify high-riskdrivers62.2 percent
of the time with afalsealarmrateof 19.9 percent;however,theseresultswerebasedon older
drivers.T-testswereconductedto determinewhetherthe high-involvementdriversscored
significantlydifferenton anyof thesefour scalesthandid the low-involvementdrivers. Noneof
the t-testsshowedsignificantdifferencesbetweenthe high- and low-involvementdrivers. This is

High lrn.ol’Eement Low ln’.oI’.ement
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an interestingresultgiven thatdrivers’ self-reportedmovingviolationsweresignificantly
differentfor thesetwo groups. The descriptivestatisticsfor eachof thesescalesarepresentedin
Tables4.15 through4.18.

Table 4.15. Descriptivestatistics for the drivers with low and high involvement in
inattention—related crashesand near-crashesfor the Channel CapacityScore.

I Statistic High Involvement I Low Involvement
23 J 69

Mean 5.48 5.31
StandardDeviation 1.86 J 2.17

Table4.16. Descriptivestatisticsfor thedriverswith low andhigh involvementin
inattention—relatedcrashesandnear-crashesfor the PreventableCrashRisk.

Statistic High Involvement Low Involvement

N 23 69
Mean 0.30 1.55
StandardDeviation 1.55 0.76

Table4.17. Descriptivestatisticsfor thedriverswith low andhigh involvementin
inattention—related crashesand near-crashesfor the ExpectedNumberofMoving

Violations.

Statistic High Involvement Low Involvement
N 23 69
Mean 1.30 1.31
StandardDeviation 0.63 0.70

Table 4.18. Descriptive statistics for the drivers with low and high involvement in
inattention—related crashesand near-crashesfor the ExpectedSeatbeltUse.

Statistic High Involvement Low Involvement
N 23 67
Mean 1.10 1.15
StandardDeviation 029 0.36

UsefulField of View (UFOV). The Useful Field of View test is alsoa computer-based
performance test that measures an individual’s central visual processing speed, divided attention,
andselectiveattention. The participantis requiredto select rapidly presentedtargetobjectsthat
are flashed on a computermonitorwhile simultaneouslyattendingto otherstimuli. Using this
test, near-crash/crash risks are assigned to each individual.

T-testswereconductedfor thecompositeUFOV scoreto determinewhethersignificant
differencesin the high- versuslow-involvementdriversexistedin their centralvisual processing
speed,divided attention,and selectiveattentionabilities. No significantdifferencesbetweenthe
high- andlow--involvementdriverswereobservedfor the UFOV test. Descriptivestatisticsare
presentedin Table4.19.
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Table 4.19. Descriptive statistics for the drivers with low and high involvement in
inattention—related crashesand near-crashesfor the UFOV.

[Statistic I High Involvement Low Involvement

I N 27 81

L
EMean 1.78 2.32

StandardDeviation 1.80 2.15

ANALYSIS ONE: CORRELATION ANALYSIS FOR THE HIGH- AN-D LOW-
INVOLVEMENTGROUPS

Spearmancorrelationswereconductedto determinewhethertherewereany linear relationships
betweenthe frequencyof involvementin inattention-relatedeventsandsurvey responses/test
scoresfor both the high- andlow-involvementgroups. Table4.20 presentsonly thosetest
scores/surveyresponsesthatweresignificant.

Note that noneof the low-involvementgroup’scorrelationsweresignificantwith only accident
involvementapproachingsignificanceat a0.06 probability level. The restof the significant
correlationcoefficientswerefor the high-involvementgroup. Thosescoresor responsesthat
demonstratedalinear relationshipwith inattention-relatedcrashandnear-crashinvolvement
wereDriver Age, Driving Experience,andNeuroticismScale. Driver agehasbeenfound in the
pastto be highly inverselyrelatedto crashinvolvement. Given thatmostof the drivers probably
receivedtheir driver’s licensein the UnitedStatesat approximatelyage 16, thesetwo responses
are probably highly correlated with each other. The neuroticism scale has been found in
previous research to correspond to drivers self-reported crash involvement; this is an interesting
finding in that this demonstrateshigh correlationto actualcrashandnear-crashinvolvement.

Table 4.20. Correlation coefficients and probability values for the test batteries that
obtainedstatistical significance.

Attentive Inattentive
Test

Score/Survey
Response

Correlation
Coefficient

Probability
Value

Correlation
Coefficient

Probability
Value

Driver Age -0.13 0.24 -0.37 0.05
Driver History -0.14 0.24 -0.49 0.01

Accidents 0.21 0.06 0.18 0.36
Neuroticism 0.07 0.52 0.45 0.02

Note: Numbersin bold font indicatestatisticalsignificantusing a0.05 probability value.

ANALYSIS TWO: F-TEST ANALYSIS FOR THE LOW-, MODERATE-, AND HIGH-
INVOLVEMENTGROUPS

As part of the exploratory nature of these analyses, a second analysis using three groups was also
conducted. With three groups, some separationbetweenthe two tails of the distribution is
presentso thatanydifferencesin thosedriverswho arethe mostandleast involvedin
inattention-relatedcrashesandnear-crashesmaybemore easilydistinguished.The driverswere
groupedinto threelevelsof involvement in inattention-relatedcrashesand near-crashes:low,
moderate,andhigh involvement. Thesegroupswerebaseduponthe numberof inattention-
relatedcrashesandnear-crashesthat eachdriver was involved(Figure4.11). “Low
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involvement” refersto thosedriverswho werenot involved in anyor wereinvolved in one
inattention-related crash and/or near-crash. The “moderate involvement” group was involved in
two to four inattention-relatedcrashesor near-crashes.The “high involvement”groupwas
involved in five or more inattention-relatedcrashesor near-crashes.Therefore,“high
involvement”refersto thosedriverswith high numbersof inattention-relatedcrashesand/or
near-crashesand“low involvement”refersto thosedriverswith noneor only oneinattention-
relatedcrashandlornear-crash.

Figure 4.11. The frequency of inattention-related crashesand near-crashesby driver in
order for Low, Moderate, and High frequency.

Univariate analyses of variance (ANOVA) tests were conducted using the three levels of
inattention-relatedeventinvolvement. All surveyresponsesandtestscoresthatwereappropriate
were used as dependent variables. Only those ANOVAtests that were significant will be
reported in the following section. Table 4.21 provides the descriptive statistics for the drivers
assignedto low-, medium-,andhigh-involvementgroups.
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Table4.21. Descriptive statistics on drivers labeled “low involvement,” “moderate
involvement,” and “high involvement” in inattention-related crashes and near-crashes.

Statistic Low Involvement Moderate
Involvement

High
Involvement

Numberof Drivers 58 24 20
Mean (# of Inattention-Related
CrashesandNear-crashes)

0.42 2.84 8.57

Median 0 3 6
Mode 0 3
StandardDeviation 0.56 0.78 3.88
Minimum
Maximumnumberof events—

0 2 5
2 4 15

Numberof crashes 8 9 4

Number of near-crashes 51 18 17

Results

The resultsof the univariateANOVA testsusingthreeinvolvementgroupsindicatedthat five of
the testscoresthatwere significantly differentfor the two-groupanalysisalsoprovedto be
significantly different for the three-group analysis. These five test scores/demographic data were
meandriver age,yearsof driving experience,self-reportedtraffic violations,agreeableness,and
conscientiousness.Two othertestscoreswerefoundto be significantly different using three
groupsthatwerenot significantly differentusingtwo groups: thesetwo testscoresweredaytime
sleepiness score and self-reportedaccidentinvolvement. The three-groupscoreson extraversion
andopennessto experiencewerenot significantly differenteventhoughthesetestswere
significantly differentwith only two groups.

Theseresultsindicatethat the extremelylow- andextremelyhigh-involvementgroupswere
significantly differentfrom eachotherfor daytimesleepinessscores.For self-reportedaccident
involvement,the two extremegroupswereactuallynot significantly differentfrom eachother
ratherthe moderate-involvementgroupactuallyreportedsignificantly moreaccidentsthandid
the high-involvementor the low-involvementgroups. It could be hypothesizedthatthis wasan
artifact of agein thatthe high-involvementdriverswere, on average,25 yearsold whereasthe
low- andmoderate-involvementdrivergroupshadan averageageof 39 and38, respectively.

Separatingthe drivers into threegroupsfailed to find significantdifferencesfor the two
personalityinventoryscalesof extraversionandopennessto experience.This resultmay be
explainedstatisticallyin thatby separatingthe drivers into threegroupsreducesthe statistical
powerof the sampledue to the decreasednumbersof drivers in eachgroup.

Most of the statisticalteststhat weresignificantwith only two groupswerealsosignificantwith
three groups. All univariate analysis results are presented in Table 4.22. Given the exploratory
natureof theseanalyses,conductingtwo analyses(atwo-groupanda three-group)wasan
importantstepin understandingthesedata. Both analyseshavebenefits. The two-group
analysis,with a largernumberof driversper group, hasbetterstatisticalpowerwhereasthe
three-groupanalysisprovidesmoreseparationbetweenthe extremedrivers. The significant
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resultsdemonstratedthat very few differencesexistedbetweenthe two- andthree-group
analyses;therefore,the resultsthat wereobservedarestableandreliable for thedriving
population.

Table 4.22. Results from the univariate analysesof driver involvement in inattention-
related crashesand near-crashes.

Two-Group
Analysis of Mean
Demographic
Data/TestScore

t-Value

7.07

Probability
Value

Three-Group
Analysisof Mean
Demographic
Data/TestScore

F-Value Probability
Value

Driver Age 0.009 Driver Age 6.77 0.002
Yearsof Driving
Experience

7.6 0.007 Yearsof Driving
Experience

7.69 0.0008

N/A Daytime
SleepinessScore

3.80 0.03

Self-reportedtraffic
violations

4.9 0.03 Self-reported
traffic violations

5.54 0.005

N/A Self-reported
accident
involvement

4.88 0.009

Extroversion(Five-
FactorPersonality
Inventory)

7.03 0.01 N/A

Opennessto
Experience(Five-
FactorPersonality
Inventory)

4.03 0.05 N/A

Agreeableness(Five- 8.26
FactorPersonality
Inventory)

0.005 Agreeableness
(Five-Factor
Personality
Inventory)

3.77 0.03

Conscientiousness
(Five-Factor
Personality
Inventory)

6.62 0.01 Conscientiousness
(Five-Factor
Personality
Inventory)

3.05 0.05

ANALYSIS TWO: CORRELATION ANALYSIS FOR THOSE DRIVERS WITH LOW,
MODERATE, AND HIGH INVOLVMENT IN INATTENTION-RELATED CRASHES
AND NEAR-CRASHES.

Correlations were also conducted for each group of involvement. Correlations were performed
using the frequency of involvementin inattention-relatedcrashesandnear-crashesversusdriver
surveyresponsesor testbatteryscores. The significantresultsareshownin Table4.23. Several
moretestsobtainedor approachedsignificantresultswith threegroups. The Dula Dangerous
Driving: AggressiveDriving Index,the Dula DangerousDriving Overall Index, Neuroticism,
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Agreeableness,andConscientiousnessall demonstratedsignificantcorrelationsfor the high-
involvementgrouponly. Theneuroticismscalealso obtainedsignificancefor themoderate-
involvementgroup. The Driving StressInventory: Thrill-SeekingScalereachedsignificancefor
the low-involvementgroupbut no othergroup.

Theseresultsdemonstratethat separatingthe meanvaluesfor the high- andlow-involvement
driversaremoreeasilydifferentiablewith threegroupsthenwith only two groupsas sevenof the
testscores/surveyresponsesdemonstratedsignificantcorrelationcoefficientswhereasonly four
test scoresdemonstratedsignificantcorrelationcoefficientswith two groups. Many of these
correlationcoefficientsareover0.4or above,which areconsideredto be moderatecorrelations
(KeppelandWickens,2004).

Table4.23. Correlationcoefficientsfor all testbatteryquestionnaires.

Low Involvement Moderate
Involvement

— High Involvement

Test
Score/Survey

Response

Corr
Coef

I Prob
Value

Corr
Coef

Prob
Value

Corr Coef Prob
Value

Aggressive
Driving— Dula

Dangerous
Driving

0.04 0.75 -0.13 0.52 0.48 0.02

Dula
Dangerous

Driving_Index

0.13 0.34 -0.21 0.29 0.46 0.03

Thrill-Seeking 0.26 0.5 -0.03 0.89 -0.23 0.32
Neuroticism 0.01 0.94 -0.40 0.04 0.62 0.003

~~blepes~ -0.01 0.92 -0.25 0.20 -0.42 0.06
Conscientious- -0.15

ness
0.27 -0.9 0.63 -0.42 0.06

Note: Numbersin bold font indicatestatisticalsignificantusinga 0.05 probability value

ANALYSIS THREE. ARE DRIVERS’ RESPONSESTOTHEDEMOGRAPHIC,TEST
BATTERY, AND PERFORMANCE-BASED TESTSPREDICTIVE OF INVOLVEMENT
IN INATTENTION-RELATED CRASHES AND NEAR-CRASHES?

A logistic regressionwasconductedto determinewhethermultiple datasources,all obtained
from demographicdata,testbatteryresults,andperformance-basedtests,could be usedto
predictwhethera driver waseitherhighly involved in inattention-relatedcrashesandnear-
crashesor not. Only the sevenvariablesthat demonstratedsignificant differencesin involvement
level for the abovetestedt-testsor ANOVAs were used in the analysis. Thesevariableswere:

1. Driver Age
2. Driving Experience
3. Numberof movingviolations in the past5 years
4. Extraversionscorefrom theNEO Five-FactorInventory
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5. Opennessto Experiencefrom the NEO Five-FactorInventory
6. Agreeablenessfrom theNEO Five-FactorInventory
7. Conscientiousnessfrom the NEO Five-FactorInventory

Noneof the correlationcoefficientsfor anyof the abovevariablesor testbatteryresultswas
greaterthan±0.4, which is consideredto be a small to moderateeffect size in thebehavioral
sciences.Nevertheless,thesevariableswere usedin the logistic regressionanalysis.

A backwardselectiontechniquewas usedto first identify thosevariablesthatmakesignificant
partial contributionsto predictingwhethera driver involvementwas low or high. This procedure
produceda logistic regressionequationwith two variables:Driver Age andAgreeableness.The
resultingsignificantregressioncoefficientsand relevantstatisticsareshownin Table4.24.

Table 4.24. Results from the logistic regression analysis.

Parameter DF Estimate
~

Standard
Error

Wald Chi-
— Square

Probability

Intercept 1 2.61 1.10 5.67 0.02
Driver Age 1 -0.04 0.02 4.77 0.03
Agreeableness 1 -0.06 0.03 5.35 0.02

A forward selectiontechniquewas thenusedto ensurethat bothof thesevariablesweremaking
significantpartialcontributionsto the predictionequation. The resultsof thistestresultedin the
sameregressionequation,indicatingthatbothDriver Age andAgreeablenessarebothpredictive
of a driver’s level of involvement in inattention-relatedcrashesandnear-crashes.

The correlationcoefficientsfor both Driver Age andAgreeablenesswerebothnegative,
indicating thatas Age or Agreeablenessincreases,involvementin inattention-relatedcrashes
and/ornear-crasheswill decrease.The oddsratio estimates,as calculatedaspartof the logistic
regression,for Driver Age was0.96(Lower ConfidenceLimit = 0.92 andUpperConfidence
Limit = 1.0), which wasnot significantly different from 1.0. The oddsratio estimatefor
Agreeablenesswas similarat 0.94 (Lower ConfidenceLimit = 0.89 andUpperConfidenceLimit
= 0.99).Theseresultsindicatea slight protectiveeffect in that as an Age or Agreeablenessscore
increases,therewill be a decreasein involvementin inattention-relatedcrashesandnear-crashes.

DISCUSSION. HOWMIGHT THESERESULTSBE USEDTO MITIGATE THE
POTENTIAL NEGATIVECONSEQUENCESOF INATTENTIVE DRIVING
BEHAVIORSAND COULDTHIS INFORMATION BE USEDTO IMPROVE DRIVER
EDUCATIONCOURSESORTRAFFIC SCHOOLS?

As part of thisanalysis,the healthscreening,questionnaires,anddriving performance-basedtests
wereall analyzedto determineif the scoresobtainedon anyof thesemeasurescorrelatedor
could determinedifferencesin high- or low-involvementin inattention-relatedcrashesandnear-
crashes.Thereweresevenvariablesthat producedsignificantt-tests: Driver Age, Driving
Experience,numberof movingviolations in the pastSyears,andfour of the personalityscales
from the NEO Five-FactorInventory: Extroversion,Opennessto Experience,Agreeableness,and
Conscientiousness.Whenthreegroupswereused,DaytimeSleepinessRatingandAccident
Involvementalsoidentified significantdifferencesbetweengroups. For the correlationanalysis,
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severaltestbatteriesweresignificantwith threegroupsthatwerenot significantwhenusingtwo
groupsof drivers. A logistic regressionwasconductedto determineif any of theseseven
t’ariableswere predictiveof driver inattention. The resultsof thisanalysisindicatethatDriver
Age andAgreeablenessbothdemonstratedsomepredictivenatureto driver involvementin
inattention-relatedcrashesandnear-crashes.

The resultsof the logistic regressionindicatethat noneof the demographicdataor testscores,
exceptfor Driver Age andthe Agreeablenessscorefrom theNEO Five-FactorInventory,
demonstratepredictiveabilities to pre-determinewhich driversmaybeat greaterrisk of
inattention-relatedcrashesandnear-crashes.Predictivequalitiesaside,obtainingsignificant
differencesandsignificantcorrelationsusinghighly variablehumanperformancedata
demonstratesthatmanyof thesesurveysandtestbatteriesdo provideuseful informationabout
the driving population.

The significantresultsof Driver Age, for both the logistic regressionandthe t-tests, indicatethat
drivers’ educationof the dangersof distractionanddrowsinesswhile driving is critical. Note
thatthe youngerdrivers wereover-representedin inattention-relatedcrashandnear-crash
involvement(Figure4.2). The significantresultsin Driving Experiencearenot surprisingas this
variable is highly correlatedwith Driver Age.

The significant t-testsandANOVAs detectingthat the high-involvementdriverswere
significantly youngerthan the othergroupssuggeststhat youngerdriversareover-involvedin
inattention-relatedcrashesand near-crashes.Theseresultslendsomesupportto thosestateswho
havealreadyimplementedgraduateddriver’s licensureprogramsto restrictspecific typesof
driverdistraction. The resultsfrom this analysisalsolendsupportto thosestudiesthat have
alreadyshownthat theseactionsmay in fact reduceyoungerdrivers’ involvementin crashesand
near-crashes(HedlundandCompton,2005). As part of graduatedlicensureprograms,some
stateshaverestrictedthe numberof passengersin the vehicleandotherstateshavebannedhand-
held-deviceusefor teenagedrivers. Conductinga naturalisticdriving studywith teen drivers
would be the nextresearchstepto determinefrequencyof engagementin inattention-related
tasksandthe impactof inattentionon driving.

It is very interestingthattheself-reportedvariable,numberoftraffic violations receivedin the
past5 years, indicatedthathigh-involvementdriversalsohada higherfrequencyof traffic
violationsthanthe low-involvementdrivers. This resultsuggeststhatthosedriverswho are
attendingtraffic schoolsdue to multiple traffic violationsmayindeedbethosedriverswho are
morehighly involved in inattention-relatedcrashesandnear-crashes.Thisalso suggeststhat
driver inattention is a topic that needsto be addressedin traffic schooltraining. Basedon results
from otherchaptersin this report,oneitem of training maybe to assistdrivers in theirdecisions
of whento engagein a secondarytask,for example. Near-crash/crashrisksaremuchhigher in
intersections,wet, snowy,or icy roadways,and in moderatetraffic densitythat is movingfaster
than 25 milesperhour, etc. Thesearenot timesin which to engagein asecondarytaskif it is
not necessarythatadriver do so. Resultsfrom otherchaptersin this reportsuggestthat
eyeglancesgreaterthan2 secondsawayfrom the forwardroadwayincreasenear-crashlcrash
risk. Teachingdrivershow to scanthe roadwayenvironmentbut returningto the forward
roadwayatleastonceevery2 secondsmayalsobe useful informationto incorporateinto traffic
schoolanddriver’s educationprograms.More researchis requiredto determinehowto best
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presentthis informationand how to optimally incorporatethis informationinto a driver training
program.

SUMMARY

The resultsof this analysisindicatedthat Driver Age, Driving Experience,self-reportedtraffic
violationsandcrashes,daytimesleepinessratings,andpersonalityinventoryscoresindicated
significantdifferencesbetweenthe high- and low-involvementdriversfor bothtwo andthree
groupsof involvementin inattention-relatedcrashesandnear-crashes.Giventhe exploratory
natureof theseanalyses,two separateanalyseswereconductedusingtwo groupsof involvement
andthreegroupsof involvement.

The main resultsfrom theseanalysesareas follows:
• The high-involvementdrivers weresignificantly youngerthanthe low-involvement

driverswith averageagesof 30 and38, respectively.With threegroupsof drivers,the
averageagesfor the threegroupswerestill significantandthe averageagesof the groups
were39 (low involvement),38 (moderateinvolvement),and26 (high involvement)years
old.

• The high-involvementdrivershadsignificantly lessdriving experiencethanthe low-
involvementdriverswith an averageof 13 versus25 yearsfor the two groups. For the
three-groupanalysis,the high-involvementgroup’s averageyearsof driving experience
was 9.6 yearswhile the moderate-andlow-involvementgroup’saverageswere22 and23
years,respectively.

• High-involvementdrivers(Mean = 2.2) reportedreceivingsignificantly moremoving
violations in the past5 yearsthanthe low-involvementdrivers(Mean= 1.4). For the
three-groupanalysis,the high-involvementdrivershadreceivedan averageof 2.6
violations,while the moderate-involvementandthe low-involvementgroupsreceivedan
averageof 1.8 and I violation(s),respectively.

• An interestingresultoccurredwith thenumberof accidentsin the past5 years. Whenthe
driverswereseparatedinto threegroups,the averagenumberof reportedaccidentswas
significantly differentbetweenthe low-involvementandthe moderate-involvement
groups. The low-involvementgroupreportedanaverageof 0.9 accidentsin thepastS
yearswhile the moderate-involvementgroupreported1.9crashesin the past5 years. The
high-involvementgroup only reportedbeinginvolved in 1.4 accidentsin the past5 years.
It maybe that the high-involvementdriverswerenot truthful with their responsesor were
trying to impressthe researchers.

• High-involvement drivers scored significantly lower on the personality factors of
extraversion,opennessto experience,agreeableness,andconscientiousness.The same
was foundwhenthe driverswere separatedinto threegroups,exceptthatthe extraversion
andthe opennessto experiencesscoreswereno longersignificant. Theseresultspartially
corroborateArthur andGraziano(1996)results,in that conscientiousnessscoreswere
significantlydifferentbetweenthe high-involvementand low-involvementgroups;
howevertheir resultsdid not includeagreeableness,which was found in theseanalysesto
be predictiveof inattention-relatedcrashandnear-crashinvolvement.

• For the correlationanalysis,only onescalemaintainedasignificantcorrelationbetween
the two analyses:the NeuroticismScalefrom the NEO Five-FactorInventory. Driver
Age or Driving Experienceyieldedsignificant correlationswhenthe drivers were
separatedinto two groups,but not for threegroups. While manyof the significant
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correlationcoefficientsweregreaterthan0.4 with threegroups,theselinear relationships
do not appearto be stable.

• The only questionnairedataor testbatteryscoresthatwerepredictiveof driver
involvement in inattention-relatedcrashesandnear-crashesweredriverageandscoreson
theagreeablenessscalefrom theNEOFive-Factor Personality Inventory. Interestingly,
agreeablenessscoresfor the high- andlow-involvementdrivers(both two andthree
groups)werealsofoundto be significantly different from oneanother.

• No differenceswerefoundbetweenthe high-and low-involvementdriversusingthe
Driver StressInventory,Life StressInventory,theDulaDangerousDriving Index,
Waypoint, or the Useful Field of View. While noneof thesetestswere written
specifically to assess driver’s likelihood of beinginvolved in inattention-relatedcrashes
andnear-crashes,it washypothesizedthat thesetestsmaymeasuresomeof the same
traits that would increasea driver’s willingnessto engagein inattention-relatedtasks
while driving.
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CHAPTER5: OBJECTIVE 4, WHATIS THERELATIONSHIP BETWEEN
MEASURESOBTAINED FROM PRE-TESTBATTERIES (KG., A LIFE STRESS
TEST) ANDTHEFREQUENCYOFENGAGEMENTIN DISTRACTING BEHAVIORS
WHILE DRIVING? DOESTHEREAPPEARTOBE ANYCORRELATIONBETWEEN
WILLINGNESS TO ENGAGE IN DISTRACTING BEHAVIORS AND MEASURES
OBTAINEDFROMPRE-TEST BATTERIES?

For thisanalysis,correlationswereconductedusingthe frequencyof involvement in inattention-
i-elatedbaselineepochsand eachdriver’s compositescoreor relevantresponsefor 9 of the 11
questionnairesandperformance-basedteststhat wereadministeredto the drivers(Table 5.1). A
baselineepochwasdeemedto be “inattention-related”if the driver engagedin a secondarytask
or was markedasdrowsyat anypointduringthe 6-secondsegment.The debriefform andthe
healthassessmentquestionnaireswerenot includedas theywerenot designedfor this typeof
analysis.

93



Table 5.1. Description of questionnaire and computer-basedtests usedfor 100-Car Study.

1.

Nameof Testing
Procedure

Type of Test Time test was
administered

Brief description

Driverdemographic
information

Paper/pencil In-processing Generalinformationon
driversage,gender,etc.

2. Driving History Paper/pencil In-processing Genera!informationon recent
traffic violations andrecent
collisions

3. Healthassessment
questionnaire

Paper/pencil In-processing List of varietyof
illnesses/medicalconditions/or

4.

anyprescriptionsthatmay
affectdriving performance.

Dula Dangerous
Driving Index

Paper/pencil In-processing Onescorethatdescribes
driver’stendenciestoward
aggressivedriving.

5. SleepHygiene Paper/pencil In-processing List of questionsthat provide
informationaboutdriver’s
generalsleephabits/substance
use/sleepdisorders

6. Driver Stress
Inventory

Paper/Pencil In-processing Onescorethatdescribesthe
perceivedstresslevelsdrivers
experienceduringtheir daily
commutes

7. Life StressInventory Paper/pencil In-processing/Out-
processing

Onescorethatdescribes
driversstresslevelsbased
upon theoccurrenceof major
life events

8. UsefulField-of-View Computer-
basedtest

In-processing Assessmentof driver’s central
vision andprocessingspeed,
divided andselective
attention.

9. WayPoint Computer-
basedtest

In-processing Assessmentof thespeedof
informationprocessingand
vigilance.

10. NEO-FFI Paper/pencil In-processing Personalitytest
Iii. Generaldebrief

questionnaire

~

Paper/pencil Out-processing List of questionsrangingfrom
seatbeltuse,driving underthe
influence,andadministration
of experiment.

DATAUSEDIN THIS ANALYSIS

For the analysesin this chapter,crashesandnear-crashesonly will be used(incidentswill be
excludedfrom the analyses).In Chapter6, Objective2 of the 100-CarStudyFinal Report,the
analysesindicatedthat the kinematic signaturesof both crashesand near-crasheswere nearly
identical;whereasthe kinematicsignaturesof incidentsweremorevariable. Giventhis result
andto increasestatisticalpower,the datafrom both crashesandnear-crasheswill be usedin the
comparisonof questionnairedatato the frequencyof involvementin inattention-relatedcrashes
andnear-crashes.

Note that inattention-relatedcrashesandnear-crashesor inattention-relatedbaselineepochsare
definedas thoseeventsthat involve the driverengagingin complex,moderate,or simple
secondarytasksor driving while drowsy. Pleasenotethat in Chapter2, driving-related
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inattentionto theforward roadwaywasdeterminedto possessa protectiveeffect andtherefore
wasremovedfrom the definitionof driving inattention. Non-specificeyeglanceawayfrom the
forward roadwaywasalsoshownto not be significantlydifferent from normal,baselinedriving;
therefore,theseeventswerealsoremovedfrom the analysis.

DESCRIPTIONOFDATA

Figure5.1 showsthe distributionof the numberof inattention-relatedbaselineepochsthat each
driverwas involved. Notethat sevenprimarydriverswere not involved in any inattention-
relatedbaselineepochs.The meanfrequencyof inattention-relatedbaselineinvolvementis 87.2,
the medianfrequencyis 62, andthe rangeof frequencycountsisO to 322 baselineinattention
epochs.
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Figure 5.1. The frequency distribution of the number of inattention-related baseline
epochs that each driver was involved (N = 101). Note: Subjectsweresorted by frequency

of involvement to allow the reader to seethe range of values

A Spearmancorrelationbetweenthe frequencyof involvementin inattention-relatedcrashand
near-crasheventsandbaselineepochswasperformed. The resultsindicateda strongcorrelation
with anR-valueof 0.72, p = 00001. This suggeststhat drivers who arefrequentlyengagingin
inattention-relatedtasks,as shownby the baselinedata,arealsothosethataremorefrequently
involved in crashesandnear-crashes.This alsosuggeststhat the better,saferdriversengagein
secondarytasksand/ordrive drowsylessoften thando thosedrivers who wereinvolved in
multiple crashesandnear-crashes.

Correlationswereconductedusing representativesurvey questions,compositescoresfrom the
testbatteries,andscoresfrom the computer-basedtestsandfrequencyof involvementin
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inattention-relatedbaselineepochs. Table 5.2 presentsthe correspondingcorrelation
coefficientsandprobability valuesfor thosetestscoresthatwerestatisticallysignificant. Note
thatDriver Ageand Driving Experienceobtainedthe highestcorrelationcoefficientat -0.4 while
the restof the coefficientswerevery weakwith R valuesunder0.3.

Table 5.2. The significant correlations betweentest battery, survey,and performance-
basedtestscoresto the frequency of inattention-related baselineepochs(N = 101).

Nameof Testing
Procedure

Question/Score Correlation
Coefficient

Probability Value

Driver
demographic
information

DriverAge -0.41 <0.0001
Yearsof driving
experience

-0.44 <0.0001

Dula Dangerous
Driving Index

DDDI 0.29 0.004
Risky Driving 0.26 0.01

SleepHygiene

Driver Stress
Inventory

Daytime
Sleepiness

0.22 0.03

Aggression 0.23 0.02
Thrill-Seeking 0.26 0.01

NEO-FFI Extroversion -0.21 0.03
Agreeableness -0.27 0.007
Conscientiousness -0.22 0.03

Waypoint Channel 0.34 0.0014

Correlationswerealsoconductedusingthe frequencyof driver involvementin inattention-
relatedcrashesandnear-crashesto therelevantresponsesfrom the surveys,testbatteries,and
performance-basedtests. Thisanalysisis differentfrom the oneconductedin Chapter4,
Objective3 in thatthe driversareno longerseparatedinto “high involvement”and“low
involvement”drivers. Table 5.3 presentsonly thosecorrelationsthat werestatistically
significant. Note that someof the correlationsno longerweresignificant, i.e., Dula Dangerous
Driving, Driver StressInventory, andWaypoint. Also notethat someof the correlations,while
still significant,wereslightly weakerfor the crashesandnear-crashes,i.e.,Driver Age and
Driving Experience.
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Table 5.3. The significant correlations between test battery, survey, and performance-based
test scoresto the frequency of inattention-related crash and near-crashevents(N = 101).

Nameof Testing
Procedure

Question/Score Correlation
Coefficient

Probability Value

Driver
Demographic
Information

Driver Age -0.29 <0.004
Yearsof driving
experience

-0.31 <0.001

SleepHygiene Daytime
Sleepiness

0.20 0.05

NEO-FFI Extroversion -0.23
Agreeableness -0.26

[Conscientiousness1 -0.20

0.02
0.007
0.03

CONCLUSIONS

Theseresultssuggesta clearrelationshipbetweenengagementin secondarytasksor driving
while drowsyto selectedsurveyresponsesandtestbatteryscores.Accordingto Keppeland
Wickens(2004),correlationcoefficientsof 0.4 to 0.2 representsmalleffect sizesas theyaccount
for 4 to 16 percentof the varianceamongthesevalues. While theserelationshipsor associations
aresmall, thefact that theserelationshipsareobtainingstatisticalsignificancegiventhe high
variability amongdrivers is a resultthat should not beoverlooked. Theseresults,takenwith the
resultsfrom Chapter4, Objective3 indicatethat driverdemographicdata,driving history data,
sleephygienedata andthe NEO Five-FactorInventory all demonstratelinear relationshipsto
driving performance.Apart from ageanddriving experience,it is unfortunatelyunknownhow
this informationcould be usedto predictwhich driverswill be high-riskdrivers(i.e., thosewho
demonstratetendenciesto drivewhile theyareengagingin secondarytasksor drowsy).

The high correlationof 0.72 betweenthe frequencyof driver’s involvementin inattention-related
crashesandnear-crashesandbaselineepochssuggeststhat thosedriverswho frequentlyengage
in inattention-relatedactivitiesarealso frequentlyinvolved in crashesandnear-crashes.Those
driverswho arenot engagingin inattention-relatedtasksfrequently arenot frequently involved
in inattention-relatedcrashesandnear-crashes.Therefore,if aninattentionmitigation device
was developed,the highly inattentivedriverscould possiblybenefitfrom sucha device.
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CHAPTER6: OBJECTIVE5 WHAT IS THE RELATIVE NEAR-CRASH/CRASHRISK
OF EYES OFF THE FORWARD ROADWAY? DO EYES OFF THE FORWARD
ROADWAY SIGNIFICANTLY AFFECT SAFETY AND/OR DRIVLNG
PERFORMANCE?

While eyeglanceanalyseshavebeenusedin transportationresearchfor a variety of purposesand
goals,this analysisis the first to establisha direct link betweenadriver’s eyeglancebehaviorand
crashandnear-crashcausation.Oddsratios werecalculatedto estimatethe relativenear-
crash/crashrisk of eyesofftheforward roadway. Oddsratioswerealsocalculatedto estimate
the relativerisk for a crashor near-crashof differentdurationsof eyesofftheforward roadway
aswell. ANOVAs wereconductedto determineif significantdifferencesexist for several
measuresof eyeglancebehavior. Thesemeasuresinclude total timeeyesoffforward roadway,
numberofglancesawayfromforward roadway,glancelength,and length oflongestglance
awayfrom the forwardroadway.

Pleasenotethattherearesomeimportantandsignificantdifferencesin the methodusedto
conductthe analysesin this chapterandthe methodusedin the previouschapters.First, in
Chapters3, 4, and5, driving inattentionwasprimarily definedas secondarytask engagementor
the presenceof moderateto severedrowsiness.In Chapter2, inattentionalsoincludeddriving-
relatedinattentionto theforward roadwayand non-spec~flceyeglance.In this chapter, only
eyeglancedata will be considered.Therefore,anytime a driver is not looking forward,
regardlessof the reason,is consideredeyesofftheforward roadway. Conductingthe analysisin
thismannercompletesthe analysisof driver inattention in that Chapter2, Objective1 included
all four typesof inattention. Chapter3, Objective2, Chapter4, Objective3, and Chapter 5,
Objective4 all considereddriver inattentionprimarily as secondaiytaskengagementand
drowsiness.Finally, this chapterwill includeanytime the driver’seyesareoff the forward
roadway,which incorporatespartof secondarytaskanddrowsinessbut will alsoencompass
driving-relatedinattentionto theforward roadwayandnon-spec~flceyeglance.

To first beginthis analysis,an operationaldefinition of “eyes offfonvardroadway” was
determined.Thismetric is time dependentanda relevanttimeframesurroundingthe crashor
near-crashwasalso operationallydefined. While someepidemiologicalstudieshaveusedtime
segmentsof 5 to 10 minutesprior to a crash(McEvoy et al,2005; RiedelmeierandTibshirani,
1997),the lOO-CarStudyexamineswithin S secondsof the onsetof the precipitatingfactor.
Recall from the methodsectionthat the precipitatingfactor is the actionthat initiated the driving
event(e.g., lead-vehiclebraking)andcircumstancesthat comprisethe crash,near-crash,or
incident. Therefore,all eyesofffonvardroadwaycalculationswill bebaseduponatotal time of
5 secondsprior and 1 secondafterthe onsetof the precipitatingfactoror onsetofthe conflict.
Pleasenote thatthis is not the instantthe crashoccurred. The data in which we are primarily
interestedis the pre-crashdataor the secondsleadingup to the crash.Thereforethe onsetof the
conflict is used. Table 6.1 presentsthe metric calculationsfor the dependentvariablesthat are
usedin the following analyses.
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Table 6.1. Eyesoff the forward roadway metrics.

EyesOff Forward
Roadway Metric

Operational Definition

1.

2.

Total Time EyesOff
ForwardRoadway

Thenumberof secondsthat thedriver’s eyeswere
offthe forward roadwayduringthe 5 secondsprior
and 1 secondafter the onsetof the precipitating
factor.

Number of Glances Away
Fromthe ForwardRoadway

The number of glances away from the forward
roadwayduringthe S secondsprior and I second
afterthe precipitatingfactor.

3. Length of Longest Glance
Away from the Forward
Roadway

The length of the longest glance that was initiated
during the S secondsprior and I secondafterthe
onsetof the precipitatingfactor.

4.

~

Location of LongestGlance
Away from the Forward
Roadway

The locationof the longestglance(asdefinedby
Lengthof LongestGlance). Location will bebased
upon distance(in degrees)from centerforwardand
will be in oneof threecategories:lessthan 15°,
greaterthan 15° but lessthan30°, greaterthan30°.

Data Used in These Analyses

Eyeglanceanalysiswasconductedon all crashes,near-crashes,and incidentsaswell as 5,000(as
opposedto the entiresetof 20,000)baselineepochs.Project resourcesrestrictedthenumberof
baselineepochsfor whicheyeglancedata reductioncouldbe performed.

To determinethe relativenear-crash/crashrisk of eyesoffforwardroadway,the datawasparsed
to excludethoseeventsin which the driverof the instrumentedvehiclewas 1. not at fault and/or
2. was involved in a rear-end-struckcrashor near-crashwith a following vehicle. For therear-
end-struckcrashes,eyeglancedatawasnot availableon the following driver, whichprevented
their inclusion in the analyses.

For the relative risk analysesin this chapter,crashesandnear-crashesonly will beused
(incidents will be excluded from the analyses). In Chapter 6, Objective2 of the 100-CarStudy
Final Report, the analyses indicated that the kinematic signatures of both crashes and near-
crashes were nearly identical; whereas the kinematic signatures of incidents were more variable.
Given this result and to increase statistical power, the data from both crashes and near-crashes
will be used in thecalculationof relativenear-crash/crashrisk andpopulationattributablerisk
percentage.

QUESTION 1. WHAT IS THE RELATIVE NEAR-CRASHICRASH RISK OF EYES
OFFTHEFORWARDROADWAY?

To answerthis question,the oddsratiosassociatedwith eyesoff theforward roadwaywere
calculatedsinceoddsratiosareappropriateapproximationsof relativenear-crash/crashrisk for
rareevents(Greenbergetal., 2001). The oddsratioswerecalculatedfor all instancesof eyesoff
thefonvardroadwayas well as for five rangesof time that the drivers’ eyeswereoff the forward
roadway. Thesefive time segmentsareas follows:

100



• Lessthanor equalto 0.5 seconds
• Greaterthan0.5 secondsbut lessthanor equalto 1.0 second
• Greaterthan 1.0 secondbut lessthanor equalto 1.5 seconds
• Greaterthan 1.5 secondsbut lessthanor equalto 2.0 seconds
• Greater than 2.0 seconds

The oddsratioswerecalculatedby usingthe following equation:

Odds Ratio= (A x D)/(B x C) Equation 6.1

Where:
A = the numberof eventswheredriver’s eyeswereoff the forwardroadway<x
total time>
B = the numberof eventswheredriver’seyeswerenot off the forwardroadway
C = the numberof baselineepochswheredriver’s eyeswereoff the forward
roadway<x total time>
D = the numberof baselineepochswheredriver’seyeswerenot off the forward
roadway

Table6.2 presentsthe oddsratios for the five segmentsof time as well asan overall oddsratio
for eyesofftheforward roadway. Notethat the oddsratiosfor eyeglancesequalto or lessthan2
secondswerelessthanor not significantly different than 1.0. This may indicatethatdriverswho
are scanningtheir environmentarepotentiallysaferdrivers. However,eyeglancesawayfrom the
forwardroadwaygreaterthan 2 seconds,regardlessof locationof eyeglance,areclearlynot safe
glancesas the relativenear-crash/crashrisk sharplyincreasesto over two timesthe risk of
normal,baselinedriving. It is importantto notethatthe confidencelimits surroundingthe point
estimateoddsratio valuesarefairly large, indicatingtheoddsratio may in factbe somewhat
higheror lower. However, the trenddoesappearto indicatethat shorterglancesaresaferthan
longereyeglancesawayfrom the forward roadway. The populationattributablerisk percentage
calculationssuggestthat23 percentof the crashesandnear-crashesthatoccurin ametropolitan
environmentareattributableto eyesofftheforward roadwaygreaterthan 2 seconds(Table6.3).
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Table 6.2. Odds ratios and 95 percent confidence intervals for eyes off the forward
roadway.

Total Time of EyesOff the
Forward Roadway

Odds Ratio Lower CL Upper CL

1. Lessthanor equalto 0.5
seconds

1.31 0.91 1.89

2. Greaterthan0.5 secondsbut
less thanor equalto 1.0
second

0.82 0.60 1.13

3. Greaterthan 1.0 secondbut
lessthanor equalto 1 .5 s

0.92 0.65 1.31

4. Greaterthan 1.5 secondsbut
less thanor equalto 2.0
seconds

1.26 0.89 1.79

5. Greaterthan2.0 seconds 2.19 1.72 2.78
6. OR for Eye Glance(all

durations)
1.32 1.09 1.60

Note: only thecrashesandnear-crasheswherethesubjectdriver is at fault areincludedin thesedata. Those
numbersin bold font aresignificantly different from normal,baselinedriving or 1.0.

Table 6.3. Population attributable risk percentageratios and 95 percent confidence
intervals for eyesoff the forward roadway.

Total Time of Eyes Off the
Forward Roadway

F Population
Attributable

Lower CL Upper CL

Risk
Percentage

I. Lessthanor equalto 0.5 4.27 3.66 4.88
seconds

2. Greaterthan0.5 secondsbut N/A N/A N/A
lessthanor equalto 1.0
second

3. Greater than 1.0 second but N/A N/A N/A
less than or equal to 2.Os

4. Greaterthan1.5 secondsbut 3.93 3.29 4.56
lessthanor equalto 2.0
seconds

5. Greaterthan2.0seconds 23.26 22.50 — 24.01
PAR%for Eye Glance (all 15.47 14.45 16.49
durations)

Note: only thecrashesandnear-crasheswherethesubjectdriver is at fault areincludedin thesedata. Those
numbersin bold font aresignificantly different from normal.baselinedriving or 1.0.

While the aboveresultsareindicativeof anytime that a driver’s eyeswereavertedfrom the
forwardroadway,regardlessof the reason,near-crash/crashrisk increaseswhenthe eyeglanceis
over 2 seconds. However eyeglances away from the forward roadway, specifically those to
checkrear-viewmirrors, areimportantto safedriving. A driver who is glancingat oneof the
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rear-viewmirrors, for example,is exhibiting attentiveandsafedriving. Therefore,oddsratio
calculationswerealsoconductedto accountfor thesebehaviors. The following oddsratioswere
calculatedfor eyesoff the forwardroadwayexceptwhenthe driverwas looking at the center,
right, or left rear-viewmirrors or checkingtraffic out the right or left windows. Pleasenotethat
theseglanceswereshownpreviouslyto possessa protectiveeffect on driving safety(Chapter2,
ObjectiveI).

The resultingoddsratios(Table6.4) demonstratemore effectively that as lengthof eyeglance
from the forwardroadwayincreases,the oddsof being in a crashor near-crashalsoincreases.
Also notethat theeyeglancesawayfrom the forwardroadwaygreaterthan2 secondsincreasean
individual’s relativenear-crash/crashrisk by two timesthatof normal,baselinedriving. An
overall oddsratio associatedwith eyeglanceawayfrom the forwardroadwaywas alsoover 1 .5
indicating that,eyesoff the forwardroadwaygreaterthan2 secondswasa strongenougheffect
to boostthe overall oddsratio significantlyover 1.0.

Thepopulationattributablerisk percentages,asshownin Table6.5, indicatedthat over 18
percentof all at-faultcrashesandnear-crashesoccurring in an urbanenvironmentareattributable
to eyesoff the forwardroadway. Eighteenpercentof thesecrashesandnear-crasheswere
attributableto eyeglancesawayfrom the forwardroadwaygreaterthan2 seconds.This finding
demonstratesthateyesoff the forwardroadway,especiallyeyeglancesgreaterthan2 seconds,is
a key issue in crashcausation.Recall that thisestimatedoesnot includethosecrasheswherethe
driverwasnot at fault andrear-endstruckcrashessinceeyeglancedatawerenot available.
Therefore, it is possiblethat this estimatecould be higherthan is currentlyestimated.

Table 6.4. Odds ratios and 95 percentconfidenceintervals for eyesoff forward roadway
excluding eyeglances to center, right, and left rear-view mirrors.

fl
~

Total Time of EyesOff
Forward Roadway

Odds Ratio Lower CL Upper CL

I. Lessthanor equalto 0.5
seconds

1.13 0.67 1.92

2. Greaterthan0.5 secondsbut
lessthanor equalto 1.0
second

1.12 0.79 1.59

.

3. Greaterthan 1.0 secondbut
lessthanor equalto 1.5
seconds

1.14 0.79 1.65

4. Greater than 1.5 but less than
or equalto 2.0

1.41 0.98 2.04

5. Greater than 2M seconds 2.27 1.79 2.86
6. OR for Eye GlanceAway

From the Forward Roadway
1.56

I

1.29 1.88

Note: only thecrashesandnear-crasheswherethe subjectdriver is at fault andthedriver is not looking at arear-
view mirror are includedin this table. Thosenumbersin bold font aresignificantly differentfrom normal,baseline
driving or 1.0.
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Total Time of Eyes Off
Forward Roadway

Population
Attributable

Risk
Percentage

Lower CL Upper CL

1. Lessthan or equal to 0.5
seconds

0.74 0.41 1.06

2. Greaterthan0.5 secondsbut
lessthan or equalto 1.0 second

1.53 1.04 2.02

3. Greaterthan 1.0 secondbut less
thanor equalto 2.0 seconds

1.56 1.10 2.03

4. Greater than 1.5 seconds but
less than or equal to 2.0
seconds

3.81 3.35 4.26

5. Greater than 2.0 seconds 18.88 18.27 19.49
PAR%for Eye Glance 18.25 17.49 19.01

Note: only thecrashesandnear-crasheswherethe subjectdriver is at fault andthedriver is not looking at arear-
view mirror areincludedin this table. Thosenumbersin bold font aresignificantly differentfrom normal,baseline
driving or 1.0.

QUESTION2. DOEYESOFFTHE FORWARDROADWAYSIGNIFICANTLY
AFFECTSAFETYAND/ORDRIVING PERFORMANCE?

To answerthis researchquestion,four metricsof eyesofftheforward roadwaywerecalculated
andANOVAs were conductedto determineif significantdifferencesexistbetweenthecrashes,
near-crashes, and incidents plus baseline driving epochs. The first ANOVAwas conducted
usingtotal timeeyesoffforwardroadway. The ANOVA indicatedsignificantdifferencesamong
the four levelsof severityas shownin Figure 6.1 (F(3, 11,174)= 33.36,p <0.0001). Tukey
post-hoct-testsindicatethat significantdifferenceswerepresentbetweenall pairs as shownin
Table6.6. Theseresultsindicatethat driversinvolved in crasheshadtheir eyesoff the forward
roadwaya significantly longerportionof the 6 secondsprior to the conflict thandid thosedrivers
involved in near-crashesor incidents. Interestingly,drivers’ eyeswereoff the roadwaya
significantly smallerportionof the 6-secondsegmentthan thosedriversinvolved in safety-
relevantconflicts.

Table 6.5. Population attributable risk percentageratios and
intervals for eyesoff the forward roadway excluding eyeglances

rear-view mirrors.

95 percent confidence
to center, right, and left
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Figure 6.1. The total meantime drivers’ eyeswere off the forward roadway during the 6-
secondsegmentof time prior to the onsetof the conflict.

Table 6.6. T-test results for total time eyes off the forward roadway.

1.
2.

Severity dF t-value p-value
CrashandNear-crash 11,174 2.74 0.03
CrashandIncident 11,174 I 0.009

3. CrashandBaseline 11,174 4.87 <0.0001
4. Near-crashandIncident 11,174 2.57 0.05
5. Near-crashandBaseline 11,174 5.60 <0,0001
6. BaselineandIncident 11,174 8.10 <0.0001

The secondmetric involved the numberof glancesawayfrom the forwardroadwaythatoccurred
duringthe 5 seconds prior and I second after the onset of theconflict. Figure 6.2 showsthe
mean number of glances made by drivers just prior to involvement in crashes, near-crashes,
incidents,andbaselineevents.An ANOVA indicatedstatisticalsignificanceamongthesefour
levelsof eventseverity,F(3, 11,174)= 22.02,p <0.0001. PosthocTukey t-testswere
conductedon all pair combinationswhich indicatedthat near-crashesweresignificantly different
from the baselineepochs,(tO 1,174)= 2.83 p <0.05) and incidents were significantly different
from baselineepochs(t(1 1,174)= 7.93, p <0.0001).
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Figure 6.2. Mean number of glancesawayfrom the forward roadway occurring during 5
secondsprior and 1 secondafter the onsetof the conflict or duringa 6-secondbaseline

driving epoch.

The mean length of longest glance away from the forwardroadwayis the only metric not
confinedto the 5 secondsprior and 1 secondafter the onsetof theconflict. Rather,the longest
glanceawaysimply hasto be initiatedwithin the 5 secondsprior and 1 secondafterbut may
extendinto the actualconflict. This metric wascalculatedsincethereweremany crashesthat
occurredin whichthe driverwas looking away from the forwardroadwayup to the momentof
the crash. Thiseyeglancebehaviorwould bemissedif restrictedto the 6-secondperiodof time
surroundingthe onsetoftheconflict.

Figure6.3 showsthe resultsof theANOVA which indicates that drivers’ mean length of longest
glancewasover0.5 secondslonger for crashesthanfor near-crashes(F (3, 11,177)= 34.94,p <

0.0001). PosthocTukey t-testsindicatedthat all four groupswere significantlydifferent from
eachother. The resultsfrom the posthocTukey t-testsareshownin Table 6.7.Note thatthese
resultsaresimilar to thosefoundby Dingus, Antin, HulseandWierwille, (1989) that statedthat
drivers do not tend to look away from the forward roadway greater than 1 or 1.5 seconds for any
given glance. Figure6.3 supportsthisearlier result in thatthe meanlengthof anyoneglance
was between1.6 and0.7 seconds.
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Figure 6.3. Mean length of longestglanceinitiated during the 5 secondsprior and 1 second

after the onsetof the conflict.

Table6.7. Results from the Tukey posthoc T-Tests.

LL
Severity dF t-value I p-value
CrashandNear-crash 11,177 3.16 ] 0.0087

[~CrashandIncident 11,177 4.52 <0.0001
3. Crashand Baseline 11,177 5.53 <0.0001
4. Near-crashandIncident 11,177 3.38 0.0040
5. Near-crashandBaseline 11,177 6.22 <0.0001
6. BaselineandIncident 11,177 7.60 <0.0001

Eye-GlanceLocation Analysis

The eyeglancelocation analysiswasan analysisof the location of the longestglance away from
the forwardroadwaythatwas initiated during the 5 seconds prior and I secondaftertheonsetof
the conflict. Eyeglance data reduction was conducted usingthe following locationsof
eyeglance:

• Left window
• Left mirror
• Left Forward
• CenterForward
• CenterMirror
• Right Forward
• Right mirror
• Right Window
• Instrument Panel
• Radio/HVAC
• Passengerin right-handseat

Crash NearCrash

Severity

Incident Baseline
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• Hand-helddevice
• Object/Other
• Eyesclosed

These locations were split into three general locations based upon degrees of visual angle away
from centerforward(illustratedin Figure6.4). The first group,calledEllipse 1, includedall
locationsthat were20° or lessawayfrom centerforward. Ellipse 2 includedall locationsthat
wereup to 40° but greaterthan20°. The lastEllipse includesall locationsgreaterthan40° as
well ashand-helddevice,object,andeyesclosed. Theeyeglancecategoriesthatwereassigned
to eachellipseareas follows:

Ellipse 1: Left Forward, RightForward,andInstrumentPanel
Ellipse2: CenterMirror, Radio/HVAC, andLeft Mirror
Ellipse 3: Left Window, Right Mirror, Right Window, Passengerin Right-HandSeat,

Hand-HeldDevice,Object/Other,andEyes Closed.

While thereis someoverlapin theseellipseselections,the eyeglancelocationwasplacedin the
ellipsecloserto the centralfield of view thanfurtheraway.

Figure 6.5 presents the percent of crashes, near-crashes, incidents,andbaselineepochsin which
the longestglanceawayfrom the forward roadwaywaswithin eachellipse. A chi-square

Figure 6.4. Depiction of degreesof visual angle from center forward that objects in the
cockpit of an automobile are generally located.
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analysiswasconductedto determineif thereweresignificantdifferencesin the frequencyof
events or epochs at these locations, and the results indicated thattherearesignificantdifferences
(X (9) = 208.42,p> 0.0001).Note thatfor incidents,the driver’s longestglancesawayfrom the
forwardroadwayarespreadfairly evenlyacrossall threeellipselocations,howeverfor crashes
andnear-crashes,drivers’ longestglancesweremost frequentlybetween20° and40° awayfrom
centerforward. Baselineepochshadthe mostglancesin Ellipse3; howeverit is unknown
whether the differences among the three ellipse locationsfor baselineepochsaresignificantly
different. These results may indicate that many crashes and near-crashes could potentially be
avoidedif thedriver’s gazecould be re-directedwhen gazedirectionresidesbetween20 and40°
awayfrom centerforward.

Figure 6.5. The percentage of the location of the longest
roadway by severity.

glanceaway from the forward

CONCLUSIONS

Theuseof eyeglancebehaviorin driving researchis acomplicatedconstruct. Why the driver
was looking away from the forward roadway cannot be ignoredfrom the analysisif oneis
interestedin driving inattention. In driving researchit is commonly written that a driver looking
awayfrom the forward roadwayis an inattentivedriver. It is also commonlywritten that a driver
who is systematicallyscanninghis/herenvironment(i.e., looking awayfrom the forward
roadway)is an attentivedriver.

The total timeeyesareawayfrom the forwardroadwaymayor maynot be a sourceof potential
inattention,dependingupon thepurposefor looking away. The results,usingthe metric total
timeevesareawayfrom theforward roadway, indicatethat viewing the rear-viewmirror or
windowsto checktraffic weresafeactionsthat resultedin a relativenear-crash/crashrisk of less
than 1.0. Whenthe total timeeyeswereofftheforward roadwaywas greater than 2seconds,
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regardlessof wherethe driverwas looking, an increasedrisk of crashor near-crashinvolvement
(OR = 2.3) wasobserved.

Statistically significantdifferenceswereidentified usingthe four eyeglancebehaviormetricsfor
crashes,near-crashes,incidents,andbaselineepochs.Theseresultsindicatedthatthe longer
eyeglancesandlongerperiodsof time that the drivers’ eyeswereawayfrom the forward
roadwa~ysignificantly impacteddriving performance.Driverswho wereinvolved in crasheshad
an averagetotal time eyesawayfrom the forwardroadwayof nearly2 secondswith 1 .5 seconds
meanlengthof longestglances.Drivers involved in near-crasheshadan averagetotal time away
from the forward roadwaycloserto I secondandthe samefor meanlongestglancelength.
While statisticallysignificant differenceswereobservedfor numberof glances,cautionmaybe
requiredas the practicaldifferencesbetween1.4 glancesand 1.2 glancesawayfrom theforward
roadway.

Interestingresultswere alsoobtainedwhenanalyzingthe locationof the longestglanceaway
from the forwardroadway.Note that for crashesand near-crashes,drivers weremorefar more
frequentlylooking in Ellipse 2 thanotherlocations. The frequencyof longest-glancelocationfor
incidentsandbaselineepochsappearedto be somewhatmoreevenlyspreadacrossthethree
ellipses. Oneissuewith this analysiswas that if the driverwas looking atahand-helddeviceor
at anotherobject,the distanceawayfrom centerforward is unknownandmay not be located
within Ellipse 3. It wasdecidedto put thesetwo categoriesin Ellipse 3 as it appearedthat
drivers usuallywere looking at objectsin their lap or the seatnextto them,anddialedtheir hand-
helddeviceneartheir lap. It is doubtfulthat this discrepancyin the operationaldefinition hada
very largeimpactas the frequenciesfor the categorywas fairly low for the crashesandnear-
crashes,especially.

Theseresultsdemonstratethateyeglancesawayfrom the forwardroadway,especiallythosethat
do not involve checkingrear-viewmirrors, may be contributingfactorsto ahigh percentageof
crashes.Pleasenotethatfor 40 percentof the crashes,near-crashes,andincidents,the driverdid
not look awayfrom the forwardroadwayfor the 5 secondsprior and I secondafter the onsetof
the conflict. Thisresult leaves60 percent,amajority of the crashes,near-crashes,and incidents,
whereglancesawayfrom the forwardroadwaywerea contributingfactor. This resulthas
implicationsfor collision-avoidance-warningdesignersin that if theycould incorporatewhere
the driver is looking in their warningalgorithms,their systemscould be vastly improved by
reducingfalsealarmsandalsoreducingcrashinvolvementand/orinjuries.

110



CHAPTER 7: OBJECTIVE6, ARE THERE DIFFERENCES IN DRIVING
PERFORMANCE FOR DRIVERS WHO ARE ENGAGING IN A DISTRACTION TASK
VERSUS THOSE DRIVERS WHO ARE ATTENDING TO DRIVING? ARE SOME OF
THE SAFETY SURROGATE MEASURES MORE SENSITIVE TO DRIVING
PERFORMANCE DIFFERENCES WHEN DRIVING DISTRACTED VERSUS OTHER
SAFETY SURROGATE MEASURES?

To determinewhethertherewereanydifferencesin driving performancebetweeninattentiveand
attentivedrivers, the baselinedatabasewas evaluated.A discriminantanalysiswas conductedto
determineif anystatistically significantdifferenceswerepresentbetweenthe baselineepochs
thatinvolveddrivers engagingin secondarytasksandlordriving while drowsyandthosebaseline
epochswherethe driverwasattentive. Prior to conductingthe discriminantanalysis,a stepwise
selectionprocedurewasconductedto determinewhich driving performancemeasureswere
accountingfor the highestpercentageof variance.This provided insight into which driving
performancemeasures(surrogatesafetymeasures)aremost sensitiveto inattentivedriving.

DATA USEDIN THIS ANALYSIS

Table 7.1 presentsall the driving performancedatathat wereusedin the discriminantanalysis.
Pleaserecall from ChapterI: IntroductionandMethodthatthe vehiclespeedcould not be 0 mph
for the durationof the epoch. The vehiclewas in motion for at least a portionof the 6-second
segmentfor all 20,000epochs.
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Table 7.1. Driving PerformanceData Usedin theDiscrimnant Analysis.

Driving PerformanceMeasure Description
I. Averagepercentthrottle Percentthatthrottlepedalwasdepressedby

driveroverthe durationof 6-secondepoch.
2. Maximumpercentthrottle Maximumpercentthat throttlepedalwas

depressedby driver overthe durationof the 6-
secondepoch.

3. Minimum lateralacceleration Minimum absolutevalueof lateralacceleration
overthe 6-secondepoch.

4. Averagelateralacceleration Averageabsolutevalueof lateral acceleration
overthe 6-secondepoch.

5. Maximumlateral acceleration Maximumabsolutevalueof lateral acceleration
overthe 6-secondepoch.

6. Maximumlongitudinal
acceleration

Maximumlongitudinalpositiveacceleration
acrossthe 6-secondepoch.

7. Averagelongitudinal
acceleration/deceleration

Averagelongitudinal accelerationldeceleration
valueacross6-secondepoch.

8. Maximumlongitudinal
deceleration

Maximumlongitudinalnegativedeceleration
acrossthe 6-secondepoch.

9. Yaw time differential Durationof the maximumpeak-to-peakacross
the 6-secondepoch(i.e.,jerk).

10. Averagespeed Averagevehicle speedacrossthe 6-second
epoch.

11. Maximumspeed Maximumvehiclespeedacrossthe 6-second
epoch.

Thereweresomedriving-performancemeasuresthat were not includedin the analyses.Someof
thesemeasuresinclude forwardrange,range-rate,andTTC. Thesedependentmeasures,while
useful in identifying crashes,near-crashes,andincidentswhen usedin conjunctionwith
longitudinal deceleration,weretoo variableto usewith the baselinedata. Thereweremany
epochswith no lead vehiclepresentas well asdifficulties in filtering spuriousradardatawhen
usingonly 6-secondsegments.Radardatais notoriouslynoisyandeffectively filtering for this
taskprovedto betoo time consuminggiven the resourcesavailable. Evenwith effective
filtering, we hypothesizethat this datawould not haveyielded different resultsthanthe results
that will be presentedwith the datathatwereused.

STEPWISESELECTIONPROCEDUREAND CANONICAL DISCRIMINANT
ANALYSIS

A stepwiseselectionprocedurewasconductedto determineif all of the abovevariablesare
necessaryto distinguishbetweena driverwho is engagingin a secondarytaskor is driving while
drowsy to adriver who is attentiveto the forwardroadway. The stepwiseselectionprocedure
initially usesa forwardselectionprocedurebut after eachselection,the procedurechecksto
ensurethatall the variablespreviouslyselectedremainsignificant(Johnson,1998). In this
manner,the stepwiseselectionprocedurewill selectthosedriving performancevariablesor
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surrogatesafetymeasuresthat can bestdiscriminatebetweenan attentiveandan inattentive
driver.

Table 7.2 presentsthosesurrogatesafetymeasuresthat the stepwiseselectionprocedureselected.
The standardizedcanonicalcoefficient canbeusedto interpretthe relativecontributionthateach
variable is making to the model. Themagnitudeandthe signof the valueare both usedin this
interpretation;therefore,the averagepercentthrottle is contributingthe most to the model
whereasyaw time differential is contributingthe least.

Table7.2 The safetysurrogatemeasuresthatbestdiscriminatebetweenattentiveand
inattentive drivers.

Variable StandardizedCanonical
Coefficient

AveragePercentThrottle 0.81
Yaw time differential 0.29
AverageLateral
Acceleration

-0.51

MaximumLongitudinal
Deceleration

-0.44

The stepwiseselectionprocedurealso indicatedthatthesefour safetysurrogatemeasures
togetherachieveda multivariatemeasureanalogousto an R-squaredvalueof 0.004 indicating
thatthesefour variablesaccountfor lessthan I percentof the varianceassociatedwith
inattentiveandattentivedriving. While differencesarepresentbetweenattentiveand inattentive
drivers,thesesurrogatesafetymeasuresarenot adequatelyexplainingthesedifferences.

DISCRIMINANT ANALYSIS
The discriminantanalysiswas conductedto determinewhetherthesesurrogatesafetymeasures
werepredictiveof inattentivedriving. Table 7.3 showsthat51.4percentof the attentiveepochs
werecorrectlyclassifiedand54.5 percentof theinattentiveepochswerecorrectly classified.
Theseresultssuggestthat thepredictivelinear model usingthesesurrogatesafetymeasuresis not
ableto accuratelypredictwhetherthe driver is attentiveor inattentiveas thesepercentagevalues
aretoo closeto 50 percentaccuracyor chance.

Table7.3. The percentof baselineepochsthat the linear discriminantanalysismodelwas
successfullyableto distinguish.

Attentive Baseline
Epochs(percent)

Inattentive Baseline
Epochs(percent)

Total (percent)

AttentiveBaseline
Epochs

51.4 48.6 100

InattentiveBaseline
Epochs

45.8 54.2 100

Total 48.5 51.5 100
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DISCUSSION
The stepwiseselectionprocedureindicatedthatthe averagepercentthrottle,yaw time
differential,averagelateralacceleration,andmaximumlongitudinaldecelerationwerethe safety
surrogatemeasuresmostsensitiveto inattentivedriving. While thesesafety surrogatemeasures
weremostsensitiveto inattentivedriving, theywereonly ableto accountfor lessthan 1 percent
of the variance. The subsequentdiscriminantanalysisindicatedthatthe predictiveabilitiesof
thesefour safetysurrogatemeasuresto distinguishbetweenattentiveand inattentivedriving was
not betterthanchanceor 50 percentaccuracy.

Otherdiscriminantanalysesusingthe varianceof the abovesafetysurrogatemeasureswerealso
attempted. Theseresultsweresimilar to the aboveresultsin that the surrogatesafetymeasures
selectedin the stepwiseselectionprocedureaccountedfor lessthan 1 percentof the variance.
The discriminantanalysisalsoindicatedpoorpredictabilitythat wasnot significantly different
from chance(i.e., 50 percentwerecorrectly identified and50 percentwere incorrectly
identified).

Thereareseveralhypothesesas to why the surrogatesafetymeasuresdid not adequatelyexplain
the differencesin attentiveversusinattentivedriving. Onehypothesisis that the resultsfrom
theseanalysesareaccurateandthat inattentivedriving doesnot in factdiffer significantly from
attentivedriving. Ratherit is only in thepresenceof multiple othercontributingfactorsand
extremecircumstancesthat differencesexist in the inattentivedriver’s ability to effectively
respondversusan attentivedriver’s ability to effectively respondto anemergencysituation.
Testingthis hypothesisis possiblewith the 100-CarStudydata but would requirespecific
baselineeventsto be identified andreducedthatmatchon a variety of environmentaland
situationalvariablesper individual driver. Thisreductionandanalysiseffort is beyondthe scope
of thisproject but could be conductedin the future.

A secondhypothesisis thattherearedifferencesthat exist for thesesafety surrogatemeasures
but thesedifferencesarenot beingcapturedadequatelyby usingpoint estimates.A point
estimatemaynot beaccuratelycapturingthe differencesbetweeninattentiveandattentive
drivers. A differentstatisticalanalysisor whatis knownas functionaldataanalysismayproduce
differentresults. Functionaldataanalysiswould useoverallratesof changefor eachbaseline
epochratherthanapoint estimateto summarizethe datafor that epoch. While this technique
could be used,it would requireadditional datareductionandtime spentresearchingthese
relatively new dataanalysismethods. Thesetechniquesaregenerallynot attemptedunlessthe
point estimateanalysisproducedsomepromisingresults;therefore,this hypothesisshouldonly
be testedas a last resort.

A third explanationfor thesefindings is that the 6-seconddurationfor the baselineepochsis too
short to accuratelyassessdriving performance.Recall that the baselineepochswere6 secondsin
durationto compareto the time frame usedby traineddatareductioniststo assesswhethera
particularbehavioror actionby the drivercontributedto the occurrenceof the crash,near-crash,
or incident. It is unknownwhethera pointestimatefor a longerdurationof time would be any
betterthan the analysisalreadyconducted.Also notethat lengtheningthe time durationwould
requireadditionaldatareduction.
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After conductingmultiple discriminantanalysesusinga variety of surrogatesafetymeasures,it
is clearthat the databasesthat currentlyexistarenot adequateto testthe abovehypothesesthat
are listedhere.More data reductionthat is specificallydesignedto adequatelyassessdriving
performancefor individual driversduringspecificenvironmentalconditionsis requiredto further
assessthis researchobjective.
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CHAPTER 8: CONCLUSIONS

GENERAL CONCLUSIONS
The analysesreportedin this documentare the first to evaluatedriver inattentionimmediately
prior to acrashandnear-crash.Theseanalysesuseddatacollectedas part of a large-scale
naturalisticdriving study. The analyticalmethodsusedwere appliedfrom epidemiology,
empiricalresearch,andqualitativeresearch.The applicationof theseanalyticalmethods
demonstratesthe powerof naturalisticdriving dataandits importancein relatingdriving
behaviorto crashandnear-crashinvolvement.

Driver inattentionwasoperationallydefinedat the beginningof this reportasoneof the
following:

• Driver engagementin secondarytask(s)
• Driver drowsiness
• Driving-relatedinattentionto the forwardroadway
o Non-specificeyeglanceaway from the forwardroadway

Thesefour typesof inattention,either in isolationor in combination,were usedto answerthe
researchquestionsaddressedin this letter report. Someof the important findings addressedas
part of thesequestionsarepresentedbelow:

• Due to the detailedpre-crashlnear-crashdatareduction,this studyallowedfor the
calculationof relativenear-crash/crashrisk of engagingin varioustypesof inattention-
relatedactivities. Someof the primaryresultswerethatdriving while drowsy increases
an individual’s near-crash/crashrisk by betweenfour andsix timesthatof normal,
baselinedriving,engagingin complexsecondarytasks increasesrisk by threetimesand
engagingin moderatesecondarytasksincreasesrisk by two times.Driving-related
inattentionto theforward roadwaywasactuallyshownto be saferthannormal,baseline
driving (oddsratio of 0.45). This was not surprisingas driverswho arecheckingtheir
rear-viewmirrorsaregenerallyalertandengagingin environmentalscanningbehavior.

• This study alsoallowedfor the calculationof populationattributablerisk percentages.
This calculationproducesan estimateof thepercentageof crashesandnear-crashes
occurringin the populationat-largethatareattributableto the inattention-relatedactivity.
The resultsof this analysisindicatedthat driving while drowsywasa contributingfactor
for between22 and24 percentof the crashesandnear-crashes,andsecondary-task
distractioncontributedto over22 percentof all crashesandnear-crashes.This is a useful
metric sinceoddsratiosestimaterisk on a per-task(ordrowsinessepisode)basiswhile
the populationattributablerisk percentageaccountsfor the frequencyof occurrence.
Thus,someinattention-relatedactivitiesthat indicatedhighrelativenear-crash/crashrisk
hadcorrespondingpopulationattributablerisk percentagesindicating low total
percentages.This was dueto lower frequencyof occurrence.Conversely,othermore
frequentlyperformedinattentiontasks,while obtaininglower relativenear-crashlcrash
risks,obtainedhigherpopulationattributablerisk percentages.

117



o The prevalenceof driving inattentionwasanalyzedby using“normal baselinedriving”
(i.e., no crashes,near-crashes,or incidentspresent)asestablishedby the baseline
database.The four typesof inattentionwererecordedaloneandin combinationwith the
othertypesof inattention. The percentof the total baselineepochsin which driverswere
engagedin eachtypeof inattentionis as follows:

secondarytasks —54percentof baselineepochs
driving-relatedinattention— 44 percentof baselineepochs
drowsiness— 4 percentof baselineepochs
non-specificeyeglance—2 percentof baselineepochs

Note that the total is higherthan100 percentsincedriversengagedin multiple typesof
inattentionat onetime. Also notethat non-specificeyeglancewas most frequently
recordedasassociatedwith the othertypes of inattention,but accountsfor only 2 percent
of the baselineepochs,singularly.Giventhat the baselineepochsmostcloselyrepresent
“normal baselinedriving,” theseresultssuggestthatdriversareengagingin inattention-
relatedtasksa majority of the time.

o The analysisof eyeglancebehaviorindicatesthattotal eyes-off-roaddurationsof greater
than2 secondssignificantly increasedindividual near-crash/crashrisk; whereas
eyeglancedurationslessthan2 secondsdid not significantly increaseriskrelativeto
normal baselinedriving. The purposebehindan eyeglanceawayfrom the roadwayis
importantto consider,an eyeglancedirectedat a rear-viewmirror is a safety-enhancing
activity in the largercontextof driving, while eyeglancesat objectsinsidethe vehicleare
not safety-enhancing.It is importantto rememberthat scanningthe driving environment
is an activity thatenhancessafetyas longas it is systematicandthe drivers’ eyesreturn
to the forwardview in under2 seconds.

o The resultsfor the analysisinvestigatingthe impactof driver drowsinesson
environmentalconditionsyieldedmany interestingfindings. First, therelativenear-
crash/crashrisksof driverdrowsinessmayvary dependingon time of dayor ambient
lighting conditions. Whencomparedto total baselineepochs,far fewerdrowsiness-
relatedbaselineepochswereobservedduring the daylight hourswhile a greaternumber
wereidentified duringdarkness.Drowsinesswasalsoseento slightly increasein the
absenceof high roadwayor traffic demand.A higherpercentageof drowsiness-related
baselineepochswerefoundduring free-flow traffic densities,on divided roadways,and
areasfree of roadwayjunctions.

o The resultsof the analysisinvestigatingthe impactof complex-or moderate-secondary-
taskengagementon variousenvironmentalconditionsweremorevaried. Eachof the
eight environmentalconditionsresultedin oddsratiosgreaterthan 1 .0 for engagingin
complexsecondarytasks. Engagingin moderatesecondarytasksrarely resultedin odds
ratios significantly greaterthan 1 .0, indicating that thesebehaviorsmay not be as risky as
driving drowsyor engagingin complexsecondarytasks.
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o The mostfrequenttypeof secondarytaskengagement,hand-helddeviceuse,also
obtainedoddsratiosgreaterthan 1.0 for both dialing hand-helddevice(CL = 1.6 — 4.9)
andtalking/listeningto a hand-helddevice (CL = 0.9— 1.8). Talking/listeningto a hand-
helddevicewasnot significantly differentthan 1.0, indicatingthat this taskwasnot as
risky as dialing a hand-helddevice. Regardlessof the slightly differentoddsratios,these
two secondarytaskshad nearlythe identical populationattributablerisk percentages
(eachattributingto 3.6 percentof crashesandnear-crashes).Onehypothesisfor this is
thatdriversweretalking/listeningto hand-helddevicesa muchlargerpercentageof time
thantheyweredialing hand-helddevices. Thus,the percentof crashesandnear-crashes
thatwereattributableto thesetwo actionswassimilar dueto the fact thatdialingwas
moredangerousbut wasperformedlessfrequently whereastalking/listeningwas less
dangerousbut performedmorefrequently.

o The resultsfrom the survey andtestbatteryresponseanalysesindicatethatdriver age,
driving experience,self-reportedtraffic violations, self-reportedaccidents,daytime
sleepinessratings,andpersonalityinventoryscoresindicatesignificantdifferences
betweenthe driverswith high andlow involvementin inattention-relatedcrashesand
near-crashes.

o A clearrelationshipbetweeninvolvementin inattention-relatedcrashesandnear-crashes
andengagingin inattention-relatedactivitiesduringbaselinedriving wasobserved.A
correlationof 0.72 wasobtainedbetweenthe frequencyof driver’s involvementin
inattention-relatedcrashesandnear-crashesandthe frequencyof involvementin
inattention-relatedbaselineepochs. Thisresult,accordingto KeppelandWickens
(2004), is a largeeffect in thebehavioralsciences. Thissuggeststhatthosedriverswho
frequentlyengagein inattention-relatedactivitiesarealsomorelikely to be involved in
inattention-relatedcrashesand near-crashes.Thosedriverswho arenot frequently
engagingin inattention-relatedtasksfrequentlyarelesslikely to be involved in
inattention-relatedcrashesandnear-crashes.

RELATIVE RISK OF A CRASH OR NEAR-CRASH: CONCLUSIONS
Oddsratio calculations,or relative-riskcalculationsfor acrashor near-crash,wereconductedin
threeseparatechapters.First, Chapter2, Objective1, oddsratioswere calculatedfor threelevels
of secondarytaskcomplexity,two durationsof timethat eyeswereoff the forward roadwayfor
driving-relatedinattentionto theforward roadway,two durationsof time for non-spec(ftc
eveglanceawayfrom theforward view,anddriverdrowsiness(moderateto severe). Oddsratio
calculationswerecalculatedin Chapter3, Objective2 to determinewhetherdriving while
engagingin secondarytasksor drowsythroughvarioustypesof driving environmentsproduced
highernear-crash/crashrisks. Finally, oddsratioswerealso calculatedfor total lengthof time
eyeswere offthe forward roadwayby incrementsof 0.5 secondsin Chapter6, Objective3.

Datausedto calculatethe oddsratios includeda subsetof the 69 crashesand761 near-crashes
wherethedriverwasat-fault that werecollectedas partof the 100-CarStudyand20,000
baselineepochs(5,000 baselineepochsfor anyoddsratiosrequiringeyeglancedata only).
Pleasenotethat the 20,000baselinedriving epochswerefirst selectedbasedupon the numberof
crashes,near-crashes,and incidentsthat eachvehicle(not driver) was involvedand then
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randomlyselectedacrossthe entire 12 monthsof datacollection. Eachbaselineepochwasa 6-
secondsegmentwhenthe vehiclewas in motion. Thisstratificationtechniquecreateda case-
control datasetas thosevehicleswho weremore involved in crashes,near-crashes,andincidents
alsohadmorebaselineeventsto compare.Case-controldesignsare optimal for calculatingodds
ratiosdueto the increasedpowerthat a case-controldatasetpossesses.Greenbergetat. (2001)
arguethat usingacase-controldesignallows for an efficient meansto studyrareevents,suchas
automobilecrashes.Thus,the causalrelationshipsthat exist for theseeventscanbe evaluatedby
usingrelatively smallersamplesizesthanareusedin typical crashdatabaseanalyseswhere
thousandsof crashesmay be used.

Table 8.1 presentsthe oddsratiosfor the differenttypesof inattentionthat increaseindividual
near-crash/crashrisk. Pleasenotethatdriving-relatedinattentionto theforwardroadwayis not
in this tableas this typeof inattentionwasfoundto be saferthannormal, baselinedriving.
Tables8.2 and8.3 presentthe oddsratiosfor the interactionof drowsinesswith various
environmentandroad-typeconditionsandthe interactionof complexsecondarytaskswith
environmentalconditions,respectively.Theoddsratiosfor the interactionof moderate-
secondary-taskengagementandenvironmentalvariableswill not be presentedas a majority of
theseoddsratioswerenot significantly different from 1.0. Table8.4 presentstheoddsratiosfor
the lengthsof total timeeyeswereoff the forwardroadway. All tablespresentonly thoseodds
ratiosthatweregreaterthan 1 .0. In all tables,thosethat were significantly different from 1.0 are
in bold font.
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Table 8.1. Odds ratios and 95 percent confidenceintervals for all typesof driving
inattention where odds ratios weregreaterthan1.0.

jype of Inattention Odds Ratio Lower CL Upper CL
Complex SecondaryTask 3.10 1.72 5.47
ModerateSecondaryTask 2.10 1.62 2.72
Simple SecondaryTask 1.18 0.88 1.57
Moderate to Severe
Drowsiness(in isolation
from other types of
inattention)

6.23 4.59 8.46

Moderate to Severe
Drowsiness(all
occurrences)

4.24 3.27 5.50

Reaching for a Moving
Object

8.25 2.50 31.16

Insectin Vehicle 6.37 0.76 53.13
Looking at External
Object

3.70 1.13 12.18

Reading 3.38 1.74 6.54
Applying Makeup 3.13 1.25 7.87
Dialing Hand-Held Device 2.79 1.60 4.87
HandlingCD 2.25 0.30 16.97
Eating 1.57 0.92 2.67
Reachingfor Object (not
moving)

1.38 0.75 2.56

Talking/Listeningto a
1-land-HeldDevice

1.29 0.93 1.80

Drinking from Open
Container

1.03 0.33 3.28

Table 8.2. Odds ratios and 95 percent confidenceintervals for the interaction of
drowsinessby environmental conditions where odds ratios weregreater than 1.0.

Type of Roadway/ Odds Ratio
Environment

Lower CL Upper CL

[4ghting Levels
Dawn 2.43 0.96 6.17
Daylight 5.27 3.55 7.82
Dusk 6.99 3.82 12.80
Darkness-Lighted 3.24 1.92 5.47
Darkness-Not 3.26
Lighted

1.82
,

5.86

Weather
Clear I 4.34 3.22 5.86
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fl Rain I 4.41 I 2.41 I 8.08
Road Twe

Divided 3.73 2.61 5.34
Undivided 5.54 3.47 8.84
One-Way 3.40 1.76 6.59

Roadway Alignment
Straight Level 3.96 2.93 5.34
Curve Level 5.81 3.66 9.21
Straight Grade 6.29 2.20 17.96

Traffic Density
LOS A: FreeFlow 4.67 3.02 7.21
LOS B: Flow with
SomeRestrictions

4.81 2.70 8.58

LOS C: Stable Flow
— Maneuverability
and speedare more
restricted

3.63 2.01 6.54

LOS D: Flow is
Unstable— Vehicles
are unable to pass
with temporary
stoppages

4.29 1.88 9.80

LOS F: Unstable
Flow- Temporary
restrictions,
substantially slow
drivers

3.71 1.93 7.13

RoadwaySurface Conditions
Dry 4.52 3.39 f 603

Wet 3.17 2.03 L ~

Traffic Control Device
Traffic Signal 2.71 1.90 3.85
Stop Sign 5.55 2.71 11.36
Traffic Lanes
Marked

5.57 2.43 12.78

No Traffic Control 4.83 3.60 6.48
Relationto Junction

Intersection 3.48 2.17 5.59
• Intersection-Related 6.82 4.10 11.35

Entrance/Exit
Ramp

3.21 1.81 5.71

Interchange 5.86 2.39 14.35
Non-Junction 5.02 3.65 6.90

122



Table 8.3. Odds ratios and 95 percent confidenceintervals for the interaction of complex
secondarytask engagementand environmental variables whereodds ratios were greater

than 1.0.

Type of Roadway/ Odds Ratio
Environment

Lower CL Upper CL

Lighting Levels
Daylight 3.06 1.84 5.06
Dusk 8.91 4.41 18.03
Darkness-Lighted 4.58 2.46 8.52
Darkness-Not
Lighted

24.43 12.40 48.10

Weather
Clear 3.68 2.29 5.92
Rain 5.11 1.86 14.07

Road Type
Divided 4.20 2.40 7.33
Undivided 3.60 1.89 6.79
One-Way 3.66 1.63 8.18

RoadwayAlignment
Straight Level 3.59 2.20 5.84
Curve Level 3.58 1.95 6.60
Straight Grade 26.00 7.31 92.53
Curve Grade 6.75 2.08 21.89

Traffic Density
LOS A: FreeFlow I 4.61 2.32 9.38
LOS B: Flow with
SomeRestrictions

3.67 1.65 8.19

LOS C: Stable Flow
— Maneuverability
and speedare more
restricted

3.80 1.68 8.58

LOS D: Flow is
Unstable — Vehicles
are unable to pass
with temporary
stoppages

1.75 0.61 5.01

LOS F: Unstable
Flow- Temporary
restrictions,
substantially slow
drivers

2.45 1.01 5.93

RoadwaySurface Conditions
Dry 4.44 2.88 6.84

Wet 1.03 0.58 1.80
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Traffic Control Device

Traffic Signal 3.14 2.15 4.58
Stop Sign 3.27 1.38 7.75
Traffic Lanes 4.02 2.47 6.54
Marked
No Traffic Control 4.83 3.60

Relation to Junction
Intersection 1.59 0.86
Intersection-Related 3.32 1.73

L... Parking Lot 9.11 3.76

6.48

2.97
6.38
22.07

The oddsratios presentedfor thetime eyeswereoff the
driver’s eyeswereoff the forwardroadwaygreaterthan
by two times(Table 8.4). Noneof the eyeglancesaway
than 1.5 secondsweresignificantly differentfrom 1.0.

Table8.4. OddsRatiosand95 percent confidenceintervals for EyesOff Forward
RoadwayExcludingEye Glancesto Center,Right, andLeft Rear-ViewMirrors.

Total Time of EyesOff the
Forward Roadway

Odds Ratio Lower CL Upper CL

Lessthanor equalto 0.5 s 1.13 0.67 1.92
Greaterthan0.5 secondsbut
lessthanorequalto 1.0 s

1.12 0.79 1.59

Greaterthan 1.0 secondsbut
lessthan 1.5 seconds.

1.14 0.79 1.65

Greaterthan 1.5 secondsbut
lessthanor equalto 2.0s

1.41 0.98 2.04

Greaterthan2.0s 2.27 1.79 2.86
OR for Eye GlanceAway
FromtheForward Roadway

1.56 1.29 1.88

POPULATION ATTRIBUTABLE RISK PERCENTAGE CONCLUSIONS

A populationattributablerisk percentagecalculationis a measureof the percentageof crashes
andnear-crashesthat could beattributedto the variablebeingmeasured.Populationattributable
risk percentagesare usefulwhen interpretingoddsratios,or relativerisk calculationsfor a crash
or near-crash.Someoddsratiosmayhaveavery high individual risk; howeverthat
behavior/situationdoesnot occurfrequently in natureandthereforeattributesto very few crashes
in the population. An exampleof high oddsratios leadingto low populationattributablerisk
percentageincludesthe secondarytasksof reachingfora movingobject, externaldistraction,
reading,applyingmakeup,andeating. Even thougheachof thesetasksobtainedvery high
individual near-crash/crashrisk, thesefactorsdid not accountfor a largepercentageof actual
crashesandnear-crashesas shownby the populationattributablerisk percentagecalculationsin
Table 8.5. Drowsiness,in contrast,resultedin ahigh relativenear-crash/crashrisk valueand
attributedto between22 and24 percentof the crashesandnear-crashesin the population. This

forwardroadwaysuggeststhatanytime
2 secondsincreasesnear-crash/crashrisk
from the forwardroadwaythatwereless
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finding is importantsince thesevaluesaremuchhigher thanmostcrashdatabaseresearchhas
shown(Campbell,Smith, andNajm, 2003).

Also notethatwhile the oddsratio for talking/listeningto a hand-helddevicewas only slightly
above 1.0 andmuchlower thandialing a hand-helddevice,the populationattributablerisk
percentagewassimilar for both actions. This resultmay be dueprimarily to the relative
frequencyof occurrenceof both actions. Dialing a hand-helddevicemaybe more dangerousbut
it requireslesstimewhereastalking/listeningto a hand-helddeviceoccurredfrequentlyand
perhaps,for longperiodsof time. Talking/listeningto a hand-helddevicewas the mostfrequent
typeof secondarytaskdistractionobserved.

Table 8.5. The population attributable risk percentageratios and 95 percent confidence
intervals for the types of driver inattention.

Type of Inattention Population
Attributable
Risk
Percentage

Lower CL Upper CL

Complex SecondaryTask 4.26 3.95 4.57
ModerateSecondaryTask 15.23 14.63 15.83
Simple SecondaryTask 3.32 2.72 3.92
Moderateto Severe
Drowsiness(in isolation
from othertypesof
inattention)

22.16 21.65 22.68

Moderateto Severe
Drowsiness(all occurrences)

24.67 21.12 26.23

Complex SecondaryTasks
Dialing Hand-HeldDevice 3.58 • 3.29 3.87
Reading 2.85 2.60 3.10
Applying Makeup 1.41 1.23 1.59
Reachingfor aMoving
Object

1.11 0.97 1.25

Insect in Vehicle 0.35 0.27 0.44
ModerateSecondaryTasks
Talking/Listeningto a
Hand-HeldDevice

3.56 3.10 4.10

Eating 2.15 1.85 2.46
Reachingfor Object(not
moving)

1.23 0.96 1.50

Lookingat External Ob)ect 0.91 0.77 1.05
HandlingCD 0.23 0.15 0.32

An importantresult from theseanalysesis that eyeglancesgreaterthan2 secondscontributedto
1 8 percentof all crashesandnear-crashesandeyeglancesin generalattributedto 18 percentof
all crashesandnear-crashesthat occurin a metropolitandriving environment(Table8.6). While
the purposeor locationof eyeglancedoesmatter,the longer the time awayfrom the forward
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roadway,the moredangerousthe activity becomes.It is apparentthatmanycrashesare
attributableto long glancesawayfrom the forwardroadway.

Table8.6. Populationattributablerisk percentageratiosand95 percentconfidence
intervalsfor eyesoff forward roadwayexcludingeyeglancesto center,right, and left rear-

view mirrors.

Total Time of Eyes Off the
ForwardRoadway

Population
Attributable
Risk
Percentage

Lower CL Upper CL

Lessthanor equalto 0.5
seconds

0.74 0.41 1.06

Greaterthan0.5 secondsbut
lessthanor equalto 1.0
second

1.53 1.04 2.02

Greaterthan1.0 secondbut
lessthan 1.5 seconds.

1.56 1.10 2.03

Greaterthan 1.5 secondsbut
lessthan or equalto 2.0
seconds

3.81 3.35 4.26

Greaterthan2.0 seconds 18.88 18.27 19.49
OR for Eye GlanceAway
Fromthe ForwardRoadway

18.25 17.49 19.01

LIMITATIONS OF THE STUDY

Pleasenotethat therearesomelimitations of the given dataset thatmustbe consideredwhen
interpretingtheseresults. First, the 100-CarStudy was conductedin onegeographicalareaof
the countryand thatlocation wasa metropolitanarea;therefore,the oddsratiosandthe
populationattributablerisk percentagesaregeneralizableto ametropolitanenvironmentand
probablylessso to the UnitedStatesdriving populationat-large.

Furtheranalysesneedto beconductedto determinehow all of theseindividual oddsratio and
populationattributablerisk percentagecalculationsinteractwith eachother. Pleasenotethat
manyof theseoddsratioswere individually calculatedanddo not accountfor anycorrelations
that probably existbetweenmanyof thesevariables,i.e., weatherconditionsandroadway
surfaceconditions. A logistic regressioncould be performedto assessthe oddsratiosand
populationattributablerisk percentagesaccountingfor thesenaturally occurringcorrelations.
Pleasenotethatmeasuresweretakento reducethe amountof correlationby usingonly those
eventswhereonetypeof inattentionwaspresent.For example,the oddsratiosthat were
calculatedon drowsinessor oneof the levelsof secondarytask,driving-relatedinattention,or
non-specificeyeglanceusedonly thoseeventsthat containeda singletypeof inattention.
Therefore,the correlationsbetweentheseoddsratiosaresomewhatcontrolled. The oddsratios
that werecalculatedon eachsecondarytasktype(i.e.,dialing hand-helddevice)arenot as
controlledand correlationsprobablydo existamongsomeof these. While thisshouldnot detract
from the oddsratio calculationitself, theseoddsratio calculationsandsubsequentpopulation
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attributablerisk percentagecalculationsshouldnot be summedto assessan overall impactof
secondarytaskengagement,for example.

While eyeglancedurationwas usedin two chaptersof this report,secondarytask duration
analysiswasnot presented.Projectresourceslimited this reductiontaskprimarily becauseof the
difficulties involved in operationallydefining“task duration.” While othershaveoperationally
definedsecondarytaskduration(Stuffs, et al., 2003),thereweremanyissuesin the data
collectionandreductionproceduresthat createdobstaclesfor this typeof reduction. For
example,therewereonly cameraspointingatthe driver which madea lengthof conversation
with passengerdifficult to assess.Also no continuousaudiochannelwaspresentwhich also
hinderedacalculationof durationofconversationwithpassenger,radio usage,andhands-free
devices.The useof 90-secondsegmentsof crashandnear-crasheventsand6-secondbaseline
epochsalsoprecludedthe determinationof lengthof hand-helddeviceconversations,and
sometimeseating,drinking, or more lengthysecondary-tasktypes. While someof theseissues
couldbe alleviatedwith moretime (i.e., reducingthe entiretrip file ratherthana90-second
segment),the issuesof no audioor view of the passengerseatingin the vehiclewill be difficult
to overcome. Futureresearchmayattemptto overcometheseissueswith eithera snapshotof the
passengercompartmentto determinenumberof passengersin the vehicleor briefbut frequent
burstsof an audiochannelto helpdetermineconversationlength,whetherthe stereois in use,
etc.

APPLICATION OF RESULTS

As wasrepeatedlyfound throughouttheseanalyses,driversareinattentiveand/orlooking away
from the forwardroadwayduringa significantportionof the eventsandbaselineepochs.While
someof this inattentionmaybe dueto systematicscanningof the driving environmentor
engagementin secondarytasksor drowsiness,any eyeglanceawayfrom the forwardroadway
greaterthan2 secondsgreatlyincreasesnear-crash/crashrisk. Developersof collision avoidance
warningsystemsshould incorporatethesefindings into newergenerationsof warning systems.
If the systemcanincorporatedrivereyeglancelocationprior to acrash,the falsealarmrateof
thesewarningsystemscould be greatlyreducedthusincreasingtheir effectiveness.

It is apparentfrom the resultsof the analysesin Chapter3, Objective2, thatthereareroadway
andtraffic environmentsthat are bettersuitedto engagein secondarytasks(Tables8.3 and8.5).
Generally, it appearsthat engagingin secondarytasksduringmorevisually cluttered,lower
sight-distance,or demandingtraffic environments(intersections,entrance/exitramps,curved
roadways),poor weatheror roadwayconditions(rainy weather,icy or wet roadsurfaces)arenot
the optimal locationsand/ormomentsto engagein secondarytasks. This informationcould be
usedto bettereducateyoungdriversor thosedriverswho areattendingtraffic schoolsaboutthe
dangersof distracteddriving andhow to avoid crashesand near-crashesdueto distraction. It
was alsofound that near-crash/crashrisk dueto drowsinessincreasedwhendriverswereon
straight/levelroadwaysandlessvisually demandingenvironments(i.e., [ow traffic densities).
Driversshouldbe awarethat it may beharderto fight theeffectsof drowsinessandthatnear-
crash/crashrisk does increasedespitethe less-demandingdriving environment.

Thestrongcorrelationobtainedbetweeninvolvementin inattention-relatedcrashesandnear-
crashesand involvementin inattention-relatedbaselineepochshasseveralimplicationson
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driving behavior. First, this strongcorrelationimpliesthat thosedriverswho aregettingcaught,
per se,by involvementin inattention-relatedcrashesandnear-crashes,are alsothosewho
frequentlyengagein secondarytasksor drive drowsyon a regularbasis. Thismayalsoindicate
that therearenot very manydrivers whodo engagein secondarytasksand/ordrive drowsy
frequentlywhile driving that areneveror rarely involved in inattention-relatedcrashesandnear-
crashes.Thisrelationshipwill be furtherexploredin Task5 of this researchcontract.
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APPENDIX A: SECONDARY TASKS

Table A-i. Secondarytasksrecorded during data reduction,

Passenger-RelatedSecondaryTask

Passengerin adjacentseat Driver is talking to apassengersitting in adjacentseatthat
can beidentifiedby theperson encroachinginto the
cameraviewor thedriver is clearlylooking and talking to
thepassenger.

Passengerin rear seat Driver is talking to apassengersitting in rear seatthat can
be identifiedby thepersonencroachinginto the camera
view or the driveris clearlylooking and talking to the
passengerseatedin the rear.

Child in adjacentseat Driver is talking to a child sitting in the adjacentseatwho
can beidentified by the child encroachinginto the camera
viewor the driver is clearlylooking and talking to the chilL

Child in rearseat Driver is talking to a child sitting in the rearseatwhocan
beidentified by the child or child rd atedparaphernalia
encroachinginto the cameraviewor thedriver is clearly
looking andtalking to thepassengerseatedin the rear.

Talking/Singing: No PassengerApparent

Talking/singing/dancing Driver appearsto bevocalizingeitherto an unknown
passenger,to self; or singing to the radio. Also, in this
categoryareinstanceswherethe driverexhibits dancing
behavior.

InternalDistraction: Not vehicleor passen gerrelated

Reading Driver is readingpapers,a magazine,a book,or a map

Moving objectin vehicle Driver is distractedby stationaryobjectssuddenlyin
motion dueto hardbraking, accelerating,or turning
corner.

Objectdroppedby driver Driver droppedan objectandis now looking for it or
reachingfor it.

Reachingfor objectin vehicle
(not cellphone)

Driver is attemptingto locatean objectwhile driving.

Insect in vehicle Driver is distractedby aflying insectthat is in the cabin of
the vehicle.
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Driver is distractedby apetthat is in the cabinof the
vehicle.

Driver is clearlyconversingon the cellphone.

on/conversation Driver has a hands-freehead-seton but the conversationis
unknown

cellphone Driver is attemptingto dial a hand-heldcellphonewhile
the vehicleis in gear.

cellphone
keys

Driver is attemptingto usequick keysto dial a hand-held
cellphone while the vehicle is in gear.

cellphone
activatedsoftware

Driver is attemptingto dial a hands-freecellphoneusing
voiceactivation while the vehicleis in gear.

Locating/reaching/answeringcclI Driver is attemptingto locatethe ceilphoneby reachingfor
it in orderto useit or answerit while the vehicleis in gear.

other

for PDA

Any other activity associatedwith a cellphoneLe., looking
at a cellphonefor time, or screeningcalls but not dialing,
or talking while the vehicleis in gear.

Driver is attemptingto locatea PDA byreachingfor it in
orderto useit or to answerit while thevehicle is in gear.

Driver is using (looking at, usingstylus, or pressing
buttons) while the vehicle is in gear.

Driver is only looking at a PDA,no stylusor button
presses,while the vehicle is in gear.

SecondaryTask

atecontrol Driver is looking at and/or reaching to adjustthe HVAC
systemwhile the vehicle is in gear.

radio Driver is looking at and/orreaching to adjust the
radio/stereosystemwhile the vehicle is in gear.

cassette Driver is inserting or retrieving a cassettewhile the vehicle
is in gear.

Insetting/retrieving CD Driver is inserting or retrieving a compactdisc while the
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vehicleis in gear.

Adjustingother devicesintegral
to vehicle

Driver is looking at and/or reaching to adjustanother in-
dashsystemwhile the vehicleis in gear.

Adjustingother known in-vehicle
devices

Driver is looking at and/or reaching to adjustanother in-
vehiclesystem(i.e., XMRadio)while the vehicleis in gear.

Dining

Eating with a utensil Driver is eatingfood with a utensil while the vehicleis in
gear.

Eating without a utensil Driver is eatingfood without utensil while the vehicleis in
gear.

Drinking with a covered/straw Driver is drinking out of acoveredcontainer(travelmug)
or coveredcontainerwith a straw while the vehicleis in
gear.

Drinking out ofopen cup/
container

Driver is drinking out ofan opencup or container that can
be easilyspilled while thevehicleis in gear.

Smoking

Reachingfor cigar/cigarette Driver is reachingfor cigar/cigarette/pipewhile the vehicle
is in gear.

Lighting cigar/cigarette Driver is lighting the cigar/cigarette/pipewhile the vehicle
is in gear.

Snzokingcigar/cigarette Driver is smokingthe cigar/cigarette/pipewhile the vehicle
is in gear.

Extinguishing cigar/cigarette Driver is putting the cigar/cigaretteout in an ashtraywhile
the vehicleis in gear.

Daydreaming

Lost in thought Driver is haphazardlylooking aroundbut not at any single
distraction.

Lookedbut did not see

~

Driver is looking in the direction ofa conflict but doesnot
react in a timely manner. Driver mayalso exhibit a
surprisedlook at the momentof realization.

ExternalDistraction
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Looking at previouscrash or Driver is looking out ofthe vehicleat a collision or a
highwayincident highwayincident that has happenedrecently.

Pedestrianlocatedoutsidethe
vehicle

Driver is looking out ofthe vehicleat a pedestrianwho may
or maynot posea safetyhazard(generallynot in the
forward roadway).

Animal locatedoutsidethe
vehicle

Driver is looking out of the vehicleat an animal that may
or maynot posea safrtyhazard(generallynot in the
forward roadway).

Objectlocatedoutsidethe vehicle Driver is looking out of the vehicleat an objectofinterest
that mayor maynot poseasafetyhazardL Objectsmayor
maynot bein theforward roadway.

Constructionzone
~

Driver is looking out ofthe vehicleat construction
equipmentthatmayor maynotposeasafetyhazard.

PersonalHygiene

Combing/brushing/fixinghair Driver is grooming or styling hair while the vehicleis in
gear. Drivermayor maynot belooking in a mirror.

Applying make-up Driver is applying makeupwhile the vehicleis in gear.
Driver mayormaynot belooking in a mirror.

Shaving Driver is shavingfacial hair while the vehicleis in gear.
Driver mayor maynot belooking in a mirror.

Brushing/flossingteeth Driver is brushing orflossing teeth while the vehicleis in
gear. Driver mayor may not belooking in amirror.

Biting naits/cuticles Driver is biting nails and/or cuticles. Driver mayor may
not belooking at nails and/or cuticles.

Removing/adjustingjewelry Driver is removing/adjusting/puttingonjewelry while the
vehicleis in gear.

Removing/insertingcontact
lenses

Driver is attemptingto removeor insertcontactlenses
while the vehicleis in gear.

Other Driver is cleaning/adjusting/alteringsomethingon their
person while the vehicleis in gear.

Driving-relatedInattention to ForwardRoadway

Checkingcenterrear-viewmirror Driver is observingtraffic in rear-view?nirror while
movingforward or stopped,but the vehicleis in gear(Le.,
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[~ stoppedat an intersection).

Looking out left sideof
windshield(not in direction hi
motion)

Driver is looking out theleft sideofthe windshieldwhile
thevehicleis either movingforwardor stopped,but is in
gear. This is not markedif the driver is makinga left turn.

Looking out right sideof
windshield(not in direction in
motion)

Driver is looking out the right sideofthe windshieldwhile
the vehicleis either movingforward or stopped,but is in
gear. This is not markedif the driver is making a right
turn.

Checkingleft rear-viewmirror Driver is observingtraffic hi left rear-viewmirror while
movingforward or stopped,but thevehicleis in gear(i.e.,
stoppedat an intersection).

Looking out left window Driver is observingtraffic in left windowwhile moving
forward or stopped,but the vehicleis in gear(i.e., stopped
at an intersection).

Checking right rear-viewmirror Driver is observingtraffic in right rear-viewmirror while
movingforward or stopped,but the vehicleis in gear(i.e.,
stoppedat an intersection).

Looking out right window Driver is observingtraffic in right window while moving
forward or stopped,but the vehicleis hi gear(i.e., stopped
at an intersection).

Looking at instrumentpanel Driver is checking vehiclespeed/temperature/RJ’Mswhile
vehicleis movingor stopped,but is in gear.
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APPENDIX B: COPY OF QUESTIONNAIRES

DEMOGRAPHIC QUESTIONNAIRE

SubjectID #

Pleaseanswereachof the following items.

1. What is your age in years:

2. Gender: Male Female

3. What is your highestlevel of education?
a. Didn’t completehigh school
b. 1-ughschoolgraduate
c. Somecollege
d. 2-yearcollegedegree/tradeschool
e. 4-yearcollegedegree
£ Mastersdegree
g. Professionaldegree
h. Doctoratedegree

4. What is youroccupation:_____________________

5. Whatgroupdo you identify yourselfwith
a. Latino/Latina
b. African-American
c. Caucasian
d. Middle Eastern
e. Pacific Islander
f. Asian
g. Other _________________

6. I-low manyyearshaveyoubeendriving?______________

7. Whattypeof driving do you usuallydo?(pleaseindicateall thatapply)
a. Around town driving
b. Commutingon freeways
c. Commutingon othermain roads
d. Shortdistancetravel (50-200-mileroundtrip)
e. Middle distancetravel (201-500-mileroundtrip)
f. Long distancetravel (>500-mileroundtrip)
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DRIVING HISTORY - SUBJECT INTERVIEW

In the pastyear,how manymovingor traffic violationshaveyou had?

What typeof violation was it?
(1). _____________________________

(2). _______________________

(3). ________________________

(4). _____________________

(5). ________________________

In the pastyearhow many accidentshaveyou beenin? _____________

Foreachaccidentindicatethe severityof the crash(selecthighest)
a. Injury
b. Tow-away(any vehicle)
c. Police-reported
d. Damage(any), but no policereport

Using the diagramindicateeachof the following: Category,Configuration,Accidenttype
Accident I Accident 2 Accident 3 Accident 4 Accident 5

Accident
Severity

Accident
Category

Accident
Configuration

Accident Type

Comments:_________ ____________________
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HEALTH ASSESSMENT

To the Participant:Pleasenotethat your responsesto the following questionswill in no way
affect yourability to participatein the study. Your honestanswersare appreciated

I. Do you havea history of anyofthe following?
a. Stroke Y N
b. Brain tumor Y N
c. Headinjury Y N
d. Epileptic seizures Y N
e. Respiratorydisorders Y N
£ Motion sickness Y N
g. Inner earproblems Y N
h. Dizziness,vertigo,or otherbalanceproblems Y N
i. Diabetes Y N
j. Migraine, tensionheadaches Y N
k. Depression Y N
I. Anxiety Y N
m. Otherpsychiatricdisorders Y N
n. Arthritis Y N
o. Auto-immunedisorders Y N
p. High blood pressure Y N
q. Heart arrhythmias Y N
r. Chronicfatiguesyndrome Y N
s. Chronic stress y N

If yesto anyof the above,pleaseexplain?

2. Are you currentlytakinganymedicationson a regularbasis? Y N
If yes,pleaselist them.

3. (Femalesonly) Are you currentlypregnant? Y N

4. Height _________

5. Weight _________lbs.
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DULA DANGEROUS DRIVING INDEX

Pleaseanswereachof the following itemsas honestlyas possible.Pleasereadeachitem
carefully andthencircle the answeryou chooseon the form, If noneof the choicesseemto be
your ideal answer,thenselectthe answerthat comesclosest. THERE ARE NO RIGHT OR
WRONGANSWERS. Selectyour answ-ersquickly anddo not spendtoo muchtime analyzing
your answers. If you changean answer,erasethe first onewell.

C. Sometimes

I. I drivewhenI am angryor upset.

A. Never B. Rarely

2. I losemy temperwhendriving.

A. Never B. Rarely C. Sometimes

3, I considerthe actionsof otherdriversto beinappropriateor

A. Never B. Rarely C. Sometimes

4. I flash my headlightswhenI am annoyedby anotherdriver.

A. Never B. Rarely C. Sometimes

5. I makerudegestures(e.g.,giving “the finger,” yelling curse

whoannoyme.

B. Rarely
driverswho annoyme.

B. Rarely C. Sometimes

usemy car/truckto blockdriverswhotailgate

B. Rarely C. Sometimes

driver who annoysme.

C. Sometimes

D.Often E.Always

D. Often E. Always

“stupid.”

D. Often E. Always

D. Often E. Always

words)towarddrivers

D. Often E. Always

D. Often E. Always

me.

D. Often E. Always

D. Often E. Always

0. Often E. Always

A. Never

6. I verbally insult

A. Never

7. I deliberately

A. Never

8. I wouldtailgatea

A. Never

9. I “drag race”other

A. Never

10. I will illegally pass

A. Never

II. I feel it is my right

A. Never

12. WhenI get stuckin

A. Never

13. 1 will racea slow

B. Rarely C. Sometimes

driversatstop lights to getout front.

B. Rarely C. Sometimes

acar/truckthat is going too slowly.

B. Rarely C. Sometimes D. Often E. Always

to strikebackin someway, if I feel anotherdriver hasbeenaggressivetowardme.

B. Rarely C. Sometimes D. Often E. Always

atraffic jam I gety~ryirritated.

B. Rarely C. Sometimes D. Often E. Always

moving train to arailroad crossing.

B. Rarely C. Sometimes 0. Often E. AlwaysA. Never

14. I will weavein andout of slowertraffic.
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C. Sometimes

intoxicatedor buzzed.

C. Sometimes

I shouldpunishhim/her

A. Never B. Rarely D. Often E. Always

15. 1 will drive if I am only mildly

A. Never B. Rarely 0. Often E. Always

16. Whensomeonecutsmeoff, I feel

A, Never B. Rarely C. Sometimes 0. Often E. Always

17. I get impatientand/orupsetwhenI fall behindschedulewhenlam driving.

A. Never B. Rarely C. Sometimes D. Often E. Always

18. Passengersin my car/trucktell meto calm down.

A. Never B. Rarely C. Sometimes 0. Often E. Always

19. I get irritated whena car/truckin front of me slowsdown for no reason.

A. Never B. Rarely C. Sometimes D. Often E. Always

20. 1 will crossdoubleyellow lines to seeif I canpassaslow moving car/truck.

A. Never B. Rarely C. Sometimes D. Often E. Always

21. I feel it is my right to getwhereI needto go as quickly as possible.

A. Never B. Rarely C. Sometimes D. Often E. Always

22. I feel that passivedriversshouldlearnhow to driveor stay home.

A. Never B. Rarely C. Sometimes D. Often E. Always

23. I will drive in the shoulderlane or medianto getaroundatraffic jam.

A. Never B. Rarely C. Sometimes D. Often E. Always

24. Whenpassinga car/truckon a 2-laneroad,I will barelymiss on-comingcars.

A. Never B. Rarely C. Sometimes 0. Often E. Always

25. I will drive whenI am drunk.

A. Never B. Rarely C. Sometimes 0. Often E. Always

26. I feel that! may losemy temperif I haveto confrontanotherdriver.

A. Never B. Rarely C. Sometimes 0. Often E. Always

27. I considermyselfto be a risk-taker.

A. Never B. Rarely C. Sometimes D. Often E. Always

28. I feel thatmost traffic “laws” could be consideredas suggestions.

A. Never B. Rarely C. Sometimes 0. Often F. Always
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SLEEP HYGIENE QUESTIONNAIRE

Using the following ratingscale,to what extentdo youcurrentlyexperiencethe following?

None Moderate Severe

Daytimesleepiness 1 2 3 4 5 6 7 8 9 10

Snoring 1 2 3 4 5 6 7 8 9 10

Difficulty Falling Asleep 1 2 3 4 5 6 7 8 9 10

Difficulty StayingAsleep 1 2 3 4 5 6 7 8 9 10

DifficultyWakingUp 1 2 3 4 5 6 7 8 9 10

Daytime Sleepiness 1 2 3 4 5 6 7 8 9 10

ObtainTooLittleSleep 1 2 3 4 5 6 7 8 9 10

Readthroughthe following questionscareffilly and answereachas accuratelyaspossible:

I. Whenyou areworking:
what timedo you go to bed ~ a.m./p.m.and wakeup : a.m./p.m.

2. Whenyouarenot working:
whattime do you go to bed :~ a.m./p.m.and wakeup : a.m./p.m.

3. Do you keepa fairly regularsleepschedule?Yes No

4. How manyhoursof actualsleepdo you usuallyget?

5. Do you consideryourselfalight, normal,or heavysleeper?________________

6. Do you feel uncomfortablysleepyduringthe day? never_____ every day_____
morethanonceper week onceper week a few timesa month
oncea monthor less

7. Do you everhavean irresistibleurgeto sleepor find that you fall asleepin unusual!
inappropriatesituations?never everyday_____ morethanonceperweek_____
onceperweek a few timesamonth oncea monthor less

8. Do you usuallynapduring theday(or betweenmajorsleepperiods)?
Yes____ No
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9. Do you drink caffeinatedbeverages(coffee,tea, Coca-Cola,MountainDew, Jolt Cola)?

Yes____ No

10. If yes, howmanycups/glassesperday? _________________

11. How oftendo you drink alcohol? never everyday_____
morethanonceper week onceper week onceamonthor less

12. Do you smokecigarettes,cigars,pipeor chewor snufftobacco?Yes_____ No

13. If yes,how often?

PRIMARY SLEEPDISORDERS

14. Have you everbeendiagnosedwith or sufferfrom anyof the following sleepdisorders?

Narcolepsy Yes No

SleepApnea Yes No

PeriodicLimb Movement Yes No

RestlessLeg Syndrome Yes No

Insomnia Yes No
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DRIVER STRESSINVENTORY

Pleaseanswerthe following questionson the basisof your usualor typical feelingsabout
driving. Eachquestionasksyou to answeraccordingto howstronglyyou agreewith oneof two
alternativeanswers.Pleasereadeachof the two alternativescarefully before answering.To
answer,circle thenumberwhich expressesyour answermostaccurately.

Example:Are you a confidentdriver?

1 2 3 4 5 6 7 8 9 10

Not atall Very Much

I. Does it worry you to drive in badweather?

1 2 3 4 5 6 7 8 9 10

Very Much Not at all

2. 1 am disturbedby thoughtsof having anaccidentor the carbreakingdown.

2 3 4 5 6 7 8 9 10

VeryRarely Very Often

3. Do you loseyour temperwhenanotherdriver doessomethingsilly?

2 3 4 5 6 7 8 9 10

Not at all Very much

4. Do you think youhaveenoughexperienceandtraining to dealwith risky situationson
the roadsafely?

2 3 4 5 6 7 8 9 10

Not at all Very much

S. I find myselfworrying aboutmy mistakesandthe thingsI do badly whendriving.

2 3 4 5 6 7 8 9 10

Very rarely Very often

6. 1 would like to risk my life as a racingdriver.
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1 2 3 4 S 6 7 8 9 10

Not at all Very much

7. My driving would be worsethan usual in an unfamiliar rental car.

1 2 3 4 5 6 7 8 9 10

Not at all Very much

8. 1 sometimeslike to frighten myselfa little while driving.

2 3 4 5 6 7 8 9 10

Verymuch Not atall

9. I geta real thrill out of driving fast.

2 3 4 S 6 7 8 9 10

Very much Not at all

10. 1 makeapoint of carefullycheckingeverysideroad I passfor emergingvehicles.

2 3 4 S 6 7 8 9 10

VeryMuch Not at all

11. Driving bringsout the worst in people.

2 3 4 5 6 7 8 9 10

Not at all Very much

12. Do you think it is worthwhiletaking riskson theroad?

2 3 4 5 6 7 8 9 10

Very much Not atall

13.At times,I feel like I really dislikeotherdriverswho causeproblemsfor me.

2 3 4 5 6 7 8 9 10

Very much Not at all
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14. Advice on driving from apassengeris generally:

I 2 3 4 5 6 7 8 9 10

Useful Unnecessary

15. I like to raisemy adrenalinelevelswhile driving.

1 2 3 4 5 6 7 8 9 10

Not atall Verymuch

16. It’s importantto showotherdriversthat theycan’t takeadvantageof you.

1 2 3 4 5 6 7 8 9 10

Not at all Very much

17. Do you feel confident in your ability to avoid an accident?

1 2 3 4 5 6 7 8 9 10

Not at all Very much

18. Do you usuallymakeaneffort to look for potentialhazardswhen driving?

1 2 3 4 5 6 7 8 9 10

Not atall Very much

19. Otherdriversaregenerallyto blamefor anydifficulties I haveon the road.

1 2 3 4 5 6 7 8 9 10

Not at all Very much

20. I would enjoy driving a sportscaron a road with no speed-limit.

I 2 3 4 5 6 7 8 9 10

Very much Not atall

21. Do you find it difficult to control your temperwhendriving?

1 2 3 4 5 6 7 8 9 10

Very much Not at all
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22. Whendriving on anunfamiliar roaddo you becomemoretensethanusual?

1 2 3 4 S 6 7 8 9 10

Very much Not atall

23. 1 makeaspecialeffort to be alert evenon roadsI know well,

2 3 4 5 6 7 8 9 10

Very much Not at all

24. I enjoy the sensationof acceleratingrapidly.

1 2 3 4 5 6 7 8 9 10

Not at all Very much

25. If! makea minor mistakewhen driving, I feel it’s somethingI shouldbe concernedabout

1 2 3 4 5 6 7 8 9 10

Verymuch Not atall

26. I alwayskeepaneyeon parkedcars in casesomebodygetsout of them,or thereare

pedestriansbehindthem.

2 3 4 S 6 7 8 9 10

Not atall Very much

27. 1 feel more anxiousthan usualwhenI havea passengerin the car.

1 2 3 4 5 6 7 8 9 10

Not at all Very much

28. I becomeannoyedif anothercar follows very closebehindminefor somedistance

2 3 4 S 6 7 8 9 10

Very much Not at all
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29. I makean effort to seewhat’s happeningon the roada long way aheadof me.

1 2 3 4 5 6 7 8 9 10

Not atall Very much

30. I try very hardto look out for hazardsevenwhenit’s not strictly necessary.

2 3 4 S 6 7 8 9 10

Not atall Verymuch

31. Are you usuallypatientduring the rushhour?

1 2 3 4 5 6 7 8 9 10

Verymuch Not at all

32. Whenyou passanothervehicledo you feel in commandof the situation?

1 2 3 4 5 6 7 8 9 10

Not at all Very much

33. Whenyou passanothervehicledo you feel tenseor nervous?

1 2 3 4 5 6 7 8 9 10

Not at all Very much

34. Doesit annoyyou to drive behinda slow movingvehicle?

1 2 3 4 5 6 7 8 9 10

Very much Not atall

35. When you’re in a hurry, otherdriversusually get in your way.

1 2 3 4 S 6 7 8 9 10

Not at all Very much

36. When I cometo negotiatea difficult stretchof road,I am on the alert.

2 3 4 5 6 7 8 9 10

Very much Not at all
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37. Do you feel moreanxiousthanusualwhendriving in heavytraffic?

2 3 4 5 6 7 8 9 10

Notatall Verymuch

38. I enjoy corneringathigh speeds.

1 2 3 4 5 6 7 8 9 10

Not atall Very much

39. Are you annoyedwhenthe traffic lights changeto red whenyouapproachthem?

1 2 3 4 5 6 7 8 9 10

Very much Not at all

40. Doesdriving, usuallymakeyou feel aggressive?

1 2 3 4 S 6 7 8 9 10

Very much Not at all

41. Think abouthowyou feel whenyou haveto drive for severalhours,with few or no
breaksfrom driving. How do your feelingschangeduring the courseof the drive?

a) More uncomfortable 1 2 3 4 S 6 7 8 9 10 No change
physically (e.g.,headache
or musclepains)

b) More drowsyor sleepy 1 2 3 4 5 6 7 8 9 10 No change

c) Maintain speedof reaction I 2 3 4 5 6 7 8 9 10 Reactionsto
othertraffic
becomes

increasinglyslower

d) Maintain attentionto road- 1 2 3 4 5 6 7 8 9 10 Become
signs inattentiveto

road-signs
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e) Normalvision 1 2 3 4 S 6 7 8 9 10 Vision becomes
lessclear

f) Increasingly difficult to I 2 3 4 5 6 7 8 9 10 Normal
judge yourspeed judgmentof speed

g) Interestin driving doesnot 1 2 3 4 5 6 7 8 9 10 Increasingly
change boredandfed up

h) Passingbecomesincreasing- 1 2 3 4 S 6 7 8 9 10 No change
ly risky anddangerous
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Death of spouseor parent

Divorce

Marital separationor separationfrom
living partner

Jail term

Death of closefamily member

Personalinjury or illness

Firedfrom job

Marital or relationshipreconciliation

Retirement

Changein healthof family member

Pregnancy

Sexdifficulties

Gain of newfamily member

Businessreadjustment

Changein financial state

Deathof close friend

Changeto differentline of work or
study

Changein numberof argumentswith

spouseor partner

Mortgageor loanfor majorpurchase

(home,etc.)

Foreclosureof mortgageor loan

Changein responsibilitiesatwork

Son or daughterleaves

Troublewith in-laws/partner’sfamily

Outstandingpersonalachievement

Matebeginsor stopswork

Changein living conditions

Marriage/establishinglife partner

Changein personalhabit

Troublewith boss

Changein work hoursor conditions

Changein residence

Changein schools

Changein churchactivities

Changein recreation

Changein social activities

Minor loan (car,TV, etc)

Changein sleepinghabits

Changein numberof family get-
togethers

Changein eatinghabits

Vacation

Christmas(if approaching)

LIFE STRESSINVENTORY

Pleasereadthroughthe following eventscarefully. Mark eacheventwhich occurredwithin the
pastyear.
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Minor violationof the law
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APPENDIX C: DATA REDUCTION VARIABLES

I. Vehicle Number

Comment: Eachvehicle will be assignedavehiclenumber. Informationwill originatein
therawdata stream.

FORMAT: Integervalue.

2. EpochNumber
The Epochfile numberis arrangedby vehicle identificationnumber,dateandtime. The first
threenumbersrepresentthe vehicleidentificationnumber,the nexttwo numbersrepresentthe
year(Ex. 03 for 2003),the nexttwo numbersrepresentsthe month (Ex. 03 for March), the next
two numbersrepresentthe dayof the month,the next four numbersrepresentthe time in military
time. The last six numbersarethe epochID.

002030228 1209 000000

Comment: Eachvalid driving performancetrigger will be assignedto an epoch. An epochwill
consistof 1 minuteof video prior and30 secondsof video after the initial onsetof a trigger. If a
secondtrigger occurswithin this 1.5-minutesegment,the epochwill extendto includea full one
minuteprior to the onsetof the initial triggerand30 secondsafterthe onsetof the last trigger.

3. EventSeverity— A generalterm referring to all valid triggeredoccurrencesof an incident,
near-crash,or crashthat beginsat the precipitatingeventandendswhenthe evasivemaneuver
hasbeencompleted.

Invalid trigger— Any instancewherea trigger appearsbut no safety-relevanteventis present.

Non-subjectconflict - Any safety-relevanteventcapturedon video (incident,near-crash,or
crash)thatdoesnot involve the driver.

Non-conflict - Any eventthat increasesthe levelof risk associatedwith driving, but doesnot
result in a crash,near-crash,or incident,as definedbelow. Examplesinclude:driver control
error without proximal hazardsbeingpresent;driverjudgmenterror suchasunsafetailgatingor
excessivespeed;or casesin which driversarevisually distractedto an unsafelevel.

Proximity Event - Any circumstanceresultingin extraordinarilycloseproximity of the subject
vehicleto anyothervehicle,pedestrian,cyclist, animal,or fixed objectwhere,dueto apparent
unawarenesson the part of the driver(s),pedestrians,cyclists or animals,thereis no avoidance
maneuveror response.Extraordinarilycloseproximity is definedasa clearcasewherethe
absenceof an avoidancemaneuveror responseis inappropriatefor thedriving circumstances
(including speed,sight distance,etc.).
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Crash-Relevant- Any circumstancethat requiresa crashavoidanceresponseon the part of the
subjectvehicle. Any othervehicle,pedestrian,cyclist, or animal thatis less severethana rapid
evasivemaneuver(as definedabove),but greaterin severitythana “normal maneuver”to avoid
a crash. A crashavoidanceresponsecaninclude braking,steering,accelerating,or any
combinationof control inputs. A “normal maneuver”for the subjectvehicleis definedas a
control input that falls insideof the 99 percentconfidencelimit for control input asmeasuredfor
the samesubject.

Near-crash- Any circumstancethat requiresarapid, evasivemaneuverby the subjectvehicle,or
anyothervehicle,pedestrian,cyclist, or animalto avoid a crash. A rapid,evasivemaneuveris
definedasa steering,braking,accelerating,or any combinationof control inputs thatapproaches
the limits of the vehiclecapabilities.As a guide:subjectvehiclebrakinggreaterthan0.5 g, or
steeringinput that resultsin a lateralaccelerationgreaterthan0.4 g to avoid a crash,constitutesa
rapidmaneuver.

Crash- Any contactwith an object,either moving or fixed, atanyspeed,in which kinetic energy
is measurablytransferredor dissipated.Includesothervehicles,roadsidebarriers,objectson or
off the roadway,pedestrians,cyclists or animals.

Comment: Initial codingstep. Invalid eventsresult in no furthercoding. Non-subjectandnon-
conflictswill only result in a brief narrativewritten,but no othercoding. Othercodingchoices
will determinewhich specificsubsetof variablesthat will becoded. Specifiedat earlyonsetof
datareductionsoftware.

4. TriggerType (C-N-I)
The triggerswerespecificdata signaturesthat werespecifiedduringthe sensitivityanalysis
performedafter 10 percentof the datawerecollected. The specificdatasignaturesthatwere
usedto identify valid eventsareas follows:

Lateralacceleration- Lateralmotion equalor greaterthan0.7 g.
Longitudinalacceleration- Accelerationor decelerationequalor greaterthan0.6 g.
CI button— Activatedby the driveruponpressinga button locatedon thedashboardwhenan
incidentoccurredthathe/shedeemedcritical.

ForwardTime To Collision (FTTC) - Accelerationor decelerationequalto or greaterthan0.5 g
coupledwith a forwardTTC of 4 secondsor less.
All longitudinaldecelerationsbetween0.4 g and0.S g coupledwith a forwardTTC valueof~4
secondsandthat the correspondingforwardrangevalueatthe minimumTTC is not greaterthan
100 feet.
RearTime To Collision (RTTC) - Any rearTTC trigger valueof 2 secondsor lessthat alsohasa
correspondingrear rangedistanceof~50 feetAND any rearTTC triggervaluewherethe

absoluteaccelerationof the following vehicleis greaterthan0.3g.
Sideobjectdetection— Detectspresenceof othervehicles/objectsin the adjacentlane.
Lanechangecut-off— Identifiessituations in which the subjectvehiclecutsin too closeeither
behindor in front of anothervehicleby usingclosingspeedandforwardTTC.
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Yaw rate — Any valuegreaterthanor equalto aplus AND minus4-degreechangein heading
(i.e., vehiclemustreturnto the samegeneraldirectionof travel)within a 3-secondwindowof
time.

S. Driver SubjectNumber(C-N-I-B)
All primarydrivers’ subjectnumberwill be a3-digit numberfollowed by the letter “A.” Any
secondarydriversshouldbe giventhe same3-digit numberfollowed by the letters“B,” “C,” and
soon.

6. Onsetof PrecipitatingFactor
Using video framenumbers,the reductionistswill determinethe onsetof the precipitating

event(i.e., onsetof lead-vehiclebrake lights for a leadvehicleconflict).

7. Resolutionof the Event
Using video framenumbers,the reductionistswill determinewhenthe evasivemaneuver(or lack
thereof)hasbeenexecutedandthe level of dangerhasreturnedto normal.

EVENT VARIABLES

I. EventNature(C-N-I)
Thisvariablespecifiedthe typeof crash,near-crash,or incidentthatoccurred. The reductionists
chosefrom the following variablesthat weremodifiedfrom GESvariables“Mannerof
Collision” and“Most Harmful Event.”

1=Conflictwith a leadvehicle
2Conflict with a following vehicle
3=Conflict with an oncomingtraffic
4Conflict with a vehiclein adjacentlane
S=Conflict with amergingvehicle
6~Conflictwith a vehicleturningacrosssubjectvehiclepath(same

direction)
7=Conflict with a vehicleturningacrosssubjectvehiclepath(oppositedirection)
8Conflictwith a vehicleturning into subjectvehiclepath(samedirection)
9Conflict with a vehicleturning into subjectvehiclepath(oppositedirection)
10 Conflict with a vehiclemovingacrosssubjectvehiclepath(throughintersection)
I LConflict with aparkedvehicle
l2=Conflict with a pedestrian
I 3Conflict with a pedalcyclist
l4’Conflict with an animal
I SConflict with an obstacle/objectin roadway
l6Single vehicleconflict
I 7=Other
I 8r~Noknownconflict (for RF sensortrigger)
99Unknownconflict
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2. IncidentType (Codedfor CrashesandNear-Crashesonly)

= Rear-end,striking
2 = Rear-end,struck
3 = Road departure(left or right)
4 = Roaddeparture(end)
5 = Sideswipe,samedirection (left or right)
6 = Oppositedirection(head-onor sideswipe)
7 = Violation of stop sign or signalat intersection
8 = Straightcrossingpath,not involving sign/signalviolation
9 = Turn acrosspath
10 = Turn into path (samedirection)
II = Turn into path(oppositedirection)
12 = Backing,fixed object
13 = Backing into traffic
14 = Pedestrian
IS = Pedalcyclist
16 = Animal
17 = Other (specify)
99 = Unknown

3. Pre-EventManeuver(GES VariableVehicle I ManeuverPrior to Event)
Thisrepresentsthe lastactionthat the subjectvehicledriver engagedin justprior to
the point that the driver realizedimpendingdanger. Note thatthe variablesin italics
arethoseGESvariablesthat wereexpanded.

Ia = Goingstraight,constantspeed
lb = Going straightahead,accelerating
Ic = Goingstraight,but with unintentional“drifting” within laneor acrosslanes
2 = Deceleratingin traffic lane
3 = Acceleratingin traffic lane
4 = Startingin traffic lane
S = Stoppedin traffic lane
6 = Passingor overtakinganothervehicle
7 = Disabledor parkedin travel lane
8 = Leavinga parkedposition
9 = Enteringa parkedposition
10 = Turning right
II = Turning left
12 = Making U-turn
13 = Backingup (otherthanfor parkingpurposes)
14 = Negotiatinga curve
IS = Changinglanes
16 = Merging
17 = Successfulcorrectiveactionto previousaction
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1 8a = Maneuveringto avoid an animal
I 8b = Maneuveringto avoid a pedestrian/pedalcyclist
I 8c = Maneuveringto avoidan object
I 8d = Maneuveringto avoid a vehicle
97 = Other
99 = Unknown

Source/comment:GESVariableV2 I, MovementPrior to Critical Event. Also, very similar to
VA PAR%Variable 19/20.
FORMAT: Integervalueas listed above.

4. Judgmentof Vehicle 1 ManeuverPrior to Event
Thisvariableprovidedadditional informationaboutthe pre-eventmaneuveras to whetherthis
maneuverwas eithersafeor legal.

= Safeandlegal
2 = Unsafebut legal
3 = Safebut illegal
4 = Unsafeandillegal
99 = Unknown

S. PrecipitatingFactor(GES VariableV26, Critical Event)
The driverbehavioror stateof the environmentthat beginsthe eventandthe
subsequentsequenceof actionsthat result in a crash,near-crash,or incident,
independentof who causedthe event(driverat fault). The precipitatingfactoroccurs
outsidethe vehicle anddoesnot includedriverdistraction,drowsiness,or disciplining
child while driving.

A. This VehicleLossof Control Due to:

001 = Blow-outor flat tire
002 = Stalledengine
003 = Disablingvehiclefailure (e.g.,wheel fell off)
004 = Minor vehiclefailure
005 = Poorroadconditions(puddle,pothole,ice, etc.)
006 = Excessivespeed
007 = Other or unknownreason
008 = Othercauseof control loss
009 = Unknowncauseof control loss

B. This Vehicle Traveling:

01 8a= Ahead,stoppedon roadwaymorethan2 seconds
0! 8b = Ahead,deceleratedand stoppedon roadway2 secondsor less
021 = Ahead,traveling in samedirection anddecelerating
022= Ahead,traveling in samedirection with slowerconstantspeed
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010 = Overthe laneline on the left sideof travel lane
011 = Overthe lane line on right sideof travel lane
012 = Overleft edgeof roadway
013 = Overright edgeof roadway
014 = Enddeparture
015= Turning left at intersection
016= Turning right at intersection
017 = Crossingover(passingthrough)intersection
019 = Unknowntravel direction
020a= From adjacentlane(samedirection),over left lane line behindleadvehicle, rear-end
crashthreat
020b = Fromadjacentlane(samedirection),overright laneline behindleadvehicle, rear-end
crashthreat

C. OtherVehicle in Lane:

OSOa= Ahead,stoppedon roadwaymorethan2 seconds
OSOb = Ahead,deceleratedandstoppedon roadway2 secondsor less
051 = Ahead,traveling in samedirectionwith slowerconstantspeed
052 = Ahead,traveling in samedirection anddecelerating
053= Ahead,traveling in samedirectionandaccelerating
054= Travelingin oppositedirection
055= In crossover
056= Backing
059= Unknowntravel directionof theothermotor vehicle

AnotherVehicle Encroachinginto This Vehicle’s Lane:

060a= Fromadjacentlane(samedirection),over left laneline in front of thisvehicleçrear-end
crashthreat
060b= Fromadjacentlane(samedirection),over left laneline behindthis vehicle,rear-end
crashthreat
060c= Fromadjacentlane(samedirection),over left laneline, sideswipethreat
060d = Fromadjacentlane (samedirection),overright lane line, sideswipethreat
060e= From adjacentlane(samedirection),other
061a= From adjacentlane(samedirection), over right lane line in front of this vehicle,rear-end
crashthreat
O6lb = From adjacentlane(samedirection),over right lane line behindthisvehicle, rear-end
crashthreat
O6lc = Fromadjacentlane(samedirection),other
062 = From oppositedirection overleft lane line.
063 = From oppositedirection overright lane line
064 = Fromparallel/diagonalparkinglane
065= Enteringintersection—turningin samedirection
066= Enteringintersection—straightacrosspath
067 = Enteringintersection— turning into oppositedirection
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068 = Enteringintersection—intendedpathunknown
070 = Fromdriveway,alley access,etc. — turning into samedirection
071 = Fromdriveway, alleyaccess,etc. — straightacrosspath
072 = Fromdriveway,alley access,etc.— turning into oppositedirection
073 = Fromdriveway, alley access,etc.— intendedpathunknown
074 = Fromentranceto limited accesshighway
078 = Encroachingdetailsunknown

E. Pedestrian,Pedalcyclist,or otherNon-Motorist:

080 = Pedestrianin roadway
081 = Pedestrianapproachingroadway
082 = Pedestrianin unknownlocation
083 = Pedalcyclist/othernonmotoristin roadway
084 = Pedalcyclist/othernonmotoristapproachingroadway
085 = Pedalcyclistlorothernonmotoristunknownlocation
086 = Pedestrian/pedalcyclistlothernonmotorist—unknownlocation

F. Objector Animal:

087 = Animal in roadway
088 = Animal approachingroadway
089 = Animal unknown location
090 = Object in roadway
091 = Objectapproachingroadway
092 = Objectunknownlocation
099 = Unknowncritical event

6. EvasiveManeuver(GESVariableV27 CorrectiveActionAttempted)
The subjectvehicledriver’s reactionto the precipitatingfactor.

0 = No driver present
= No avoidancemaneuver

2 = Braking(no lockup)
3 = Braking (lockup)
4 = Braking (lockup unknown)
5 = Releasingbrakes
6 = Steeredto left
7 = Steeredto right
8 = Brakedandsteeredto left
9 = Brakedandsteeredto right
10 = Accelerated
II = Acceleratedandsteeredto left
12 = Acceleratedandsteeredto right
98 = Otheractions
99 = Unknownif driver attemptedanycorrectiveaction
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7. Vehicle Control After CorrectiveAction (GES VariableV28—Codedonly
for near-crashesandcrashes):

0 = No driver present
= Vehicle control maintainedaftercorrectiveaction

2 = Vehicle rotated(yawed)clockwise
3 = Vehicle rotated(yawed)counter-clockwise
4 = Vehicle slid/skid longitudinally — no rotation
5 = Vehicle slid/skid laterally — no rotation
9 = Vehicle rotated(yawed) unknowndirection
20 = Combinationof 2-9
94 = More thantwo vehiclesinvolved
98 = Otheror unknowntype of vehiclecontrol was lost aftercorrectiveaction
99 = Unknown if vehiclecontrol was lost aftercorrectiveaction.

ContributingFactors

I. Driver Behavior: Driver I Actions/FactorsRelatingto the Event(VA PAR%Variable17/18)
This variableprovidesa descriptivelabelto the driver’s actionsthatmayor maynot have
contributedto the event.

0 = None
I = Exceededspeedlimit
2 = Inattentiveor distracted
3 = Exceededsafespeedbut not speedlimit
4 = Driving slowly; belowspeedlimit
5 = Driving slowly in relationto othertraffic: not belowspeedlimit
6 = Illegal passing(i.e., acrossdoubleline)
7 = Passingon right
8 = Other improperor unsafepassing
9 = Cutting in, too closein front of othervehicle
10 = Cutting in, too closebehindothervehicle
11 = Making turn from wrong lane(e.g.,acrosslanes)
12 = Did not seeothervehicleduring lanechangeor merge
13 = Driving in othervehicle’sblind zone
14 = Aggressivedriving,specific,directedmenacingactions

15 = Aggressivedriving, other, i.e., recklessdriving withoutdirectedmenacing
actions

16 = Wrong sideof road, not overtaking
17 = Following too close
18 = Failedto signal, or impropersignal
19 = Improperturn - wideright turn
20 = Improperturn - cut corneron left turn
21 = Other improperturning
22 = Improperbacking,did not see
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23 = Improperbacking,other
24 = Improperstartfrom parkedposition
25 = Disregardedofficer or watchman
26 = Signal violation,apparentlydid not seesignal
27 = Signalviolation, intentionallyran red light
28 = Signalviolation, tried to beat signalchange
29 = Stopsign violation, apparentlydid not see stopsign
30 = Stopsign violation, intentionallyran stop sign at speed
31 = Stopsign violation, “rolling stop”
32 = Othersign (e.g., Yield) violation, apparentlydid not seesign
33 = Othersign (e.g., Yield) violation, intentionallydisregarded
34 = Othersign violation
35 = Non-signedcrossingviolation (e.g.,driveway enteringroadway)
36 = Right-of-way errorin relationto othervehicleor person,apparent

recognitionfailure (e.g.,did not see othervehicle)
37 = Right-of-way errorin relationto othervehicleor person,apparentdecision

failure (i.e., did see othervehicleprior to actionbut misjudgedgap)
38 = Right-of-wayerror in relationto othervehicleor person,otheror unknown

cause
39 = Suddenor improperstoppingon roadway
40 = Parking in improperor dangerouslocation,e.g., shoulderof Interstate
41 = Failure to signalwith otherviolationsor unsafeactions
42 = Failure to signal, without otherviolationsor unsafeactions
43 = Speedingor otherunsafeactionsin work zone
44 = Failure to dim headlights
45 = Driving without lights or insufficient lights
46 = Avoiding pedestrian
47 = Avoiding othervehicle
48 = Avoiding animal
49 = Apparentunfamiliarity with roadway
50 = Apparentunfamiliarity with vehicle,e.g.,displaysandcontrols
51 = Apparentgeneralinexperiencedriving
52 = Use of cruisecontrol contributedto latebraking

53 = Other,specify

2. Driver I Physical/MentalImpairment(GES VariableD3: Driver Physical/MentalCondition)

0 = Noneapparent
= Drowsy,sleepy,asleep

2 = Ill, blackout
3a = Angry
3b = Otheremotionalstate
4a = Drugs-medication
4b = Drugs-Alcohol
5 = Otherdrugs(marijuana,cocaine,etc.)
6 = Restrictedto wheelchair
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7 = Impaireddueto previousinjury
8 = Deaf
50 = Hit andrun vehicle
97 = Physical/mentalimpairment— no details
98 = Otherphysical/mentalimpairment
99 = Unknownphysical/mentalcondition

Source:GESD3, Driver Physical/MentalCondition. Element3 expandedto
separateangerfrom otheremotions. Element50 not applicable.
Codedin GeneralStateVariables: Driver’s GeneralState,Causal/Contributing
Factors,andPrecipitatingEvent.
FORIvIAT: 16-bit encodedvalue(s)as listed above.

3. Driver 1 DistractedBy (GES VariableD7: Driver DistractedBy)
Thisvariablewasrecordedif the reductionistsobservedthe drivers engagingin

any of the following secondarytasks5-10 secondsprior to the onsetof the
precipitatingfactor. For a completedefinition of thesetasks,seeAppendixD.

00 = Not Distracted

15 = Cognitivedistraction
97 = Lost in thought
01 = Lookedbut did not see
ISa= Reading
ISb = Talking/singingwithout obviouspassenger
I Sc = Dancingto the radio
15dr Reading

03 = Passengerin vehicle
3a = Passengerin adjacentseat
3b = Passengerin rearseat
3c = Child in adjacentseat
3d = Child in rearseat

= Object/Animal/Insectin Vehicle
4a= Moving objectin vehicle(i.e., objectfell off seatwhendriver stopped

hard at a traffic light)
4b = Insectin vehicle
4c = Pet in vehicle
4d = Objectdroppedby driver
4e= Reachingfor objectin vehicle(not cell phone)

5 = Cell phoneoperations
OSa= Talking/listening
06a= Dialing hand-heldcell phone
06b = Dialing hand-heldcell phoneusingquickkeys
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06c= Dialing hands-freecell phoneusingvoice activatedsoftware
06d = Locating/reaching/answeringcell phone

17 = PDA operations
ISa= Locating/reachingPDA
I Sb = OperatingPDA
1 Sc = Viewing PDA

16 = In-vehiclesystemoperations
7 = Adjusting climatecontrol
8a= Adjusting the radio
8b = Inserting/retrievingcassette

8c = Inserting/retrievingCD
9 = Adjusting otherdevicesintegralto vehicle(unknownwhich device)
9a = Adjusting otherknownin-vehicledevices(text boxto specify)

12 = ExternalDistraction
I 2a = Looking atpreviouscrashor highwayincident
I 2b = Pedestrianlocatedoutsidethe vehicle
12c = Animal locatedoutsidethe vehicle

I 2d = Object locatedoutsidethe vehicle
I 2e= Constructionzone

= Dining
I3a = Eatingwith a utensil
I3b = Eatingwithout a utensil
I 3c = Drinking from acoveredcontainer(i.e., straw)
I 3d = Drinking from anuncoveredcontainer

= Smoking
I 4a = Reachingfor cigar/cigarette
I 4b = Lightingcigar/cigarette
1 4c = Smokingcigar/cigarette

I 4d = Extinguishingcigar/cigarette

18. PersonalHygiene
I 8a = Combing/brushing/fixinghair
I 8b = Applying make-up
18c = Shaving
I 8d = Brushing/flossingteeth
I 8e = Biting nails/cuticles
I 8f = Removing/adjustingjewelry
I 8g = Removing/insertingcontactlenses
I 8h = Other

19. Inattentionto the ForwardRoadway
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I 9a = Left window
1 9b = Left rear-viewmirror
I 9c = Centerrear-viewmirror
I 9d = Right rear-viewmirror
I 9e = Right passengerwindow

3a. TimeDistractionBegan
Reductionistsenteredthe video framenumbercorrespondingto the timeat which the driver
becamedistractedor beganto engagein the distractingtask.

3b. Time DistractionEnded
Reductionistsenteredthe video framenumbercorrespondingto thetime at which the driver
disengagedfrom the distractingtaskor the driver’s attentionreturnedto the forwardroadway.

3c. Outcome(of Incident)Impacted
Reductionistsalsomarkedwhethertheybelievedthat the secondarytaskthatwaspresentatthe
onsetof the precipitatingfactor impactedthe severityor the outcomeof the event. Note that all
distractionanalysesconductedin this reportonly usedthosesecondarytasks thatweremarked
‘yes’ or ‘not ableto determine’.

= Yes
2 = No
3 = Not ableto determine
99 Unknown

4. Willful Behavior
Reductionistsmarkedthis variablewhentheybelievedthat the driverwas awareor cognizantof
their poor behavior. Therewere3 options,written in sequentialorderof increasinglywillful or
aggressivebehavior.

= Aggressivedriving
2 = Purposefulviolation of traffic laws
3 = Useof vehicle for improperpurposes(Intimidationlweapon)
99 = Unknown

Source/comment:This variablecamefrom the Light/HeavyVehicle InteractionStudy
Taxonomy.

5. Driver Proficiency
Reductionistsmarkedthis variablewhenit wasbelievedthat the driver wasgenerallyunawareof
their poor driving behavior. Thereare4 options,written in orderof decreasinglevels of
proficiency(the last is the mostdrastic measureof poor driving proficiency).

= Violation of traffic laws
2 = Driving techniques(incompetentto safelyperformdriving maneuver)
3 = Vehicle kinematics(incompetenthandlingthe vehicle)
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4 = Driver capabilities(incompetenton what maneuversaresafeand
appropriate)

Source/comment:This variablecamefrom the Light/Heavy VehicleInteractionStudy
Taxonomy.

6. Driver I DrowsinessRating(Codedfor CrashesandNear-Crashesonly)
An observerratingof drowsinesswill beassignedfor the 30 secondsprior to the eventbasedon
reviewof drivervideos. For drowsinesslevelsaboveacriterion levelof andORD of 60 or
above,a manualcalculationof PERCLOSwill be measuredby the analyst. This variablewill be
codedfor all crashesandnear-crashes(Wierwille andEllsworth, 1994).

7. Driver I Vision Obscuredby (GESVariableD4: Vision Obscuredby)
Reductionistswill ascertainto the bestof their ability whetherthedriver’s vision wasobscured
by anyof the following:

0 = No obstruction
= Rain,snow,fog, smoke,sand,dust

2a= Reflectedglare
2b = Sunlight
2c = Headlights
3 = Curveor hill
4 = Building, billboard, or otherdesignfeatures(includessigns,

embankment)
5 = Trees,crops,vegetation
6 = Movingvehicle(including load)
7 = Parkedvehicle
8 = Splashor sprayof passingvehicle [any othervehicle]
9 = Inadequatedefrostor defogsystem
10 = Inadequatelighting system
II = Obstructioninterior to vehicle
12 = Mirrors
13 = Headrestraints
14 = Brokenor improperlycleanedwindshield
15 = Fog
50 = Hit-and-runvehicle
95 = No driver present
96 = Not reported
97 = Vision obscured— no details
98 = Otherobstruction
99 = Unknownwhethervision wasobstructed

8, Vehicle Contributing Factors(GES VariableV12, Vehicle contributingfactors)
Reductionistswill determineif any of the following contributedto the severityor the presenceof
an event.
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0 = None
1 = Tires
2 = Brakesystem
3 = Steeringsystem
4 = Suspension
5 = Powertrain
6 = Exhaustsystem
7 = Headlights
8 = Signal lights
9 = Other lights
10 Wipers
11 = Wheels
12 = Mirrors
13 = Driver seatingandcontrols
14 = Body, doors
15 = Trailer hitch
50 = Hit andrun vehicle
97 = Vehicle contributingfactors,no details
98 = Othervehiclecontributingfactors
99 = Unknownif vehiclehadcontributingfactors

EnvironmentalFactors:Driving Environment

I. Weather(GES VariableA2OI, AtmosphericconditionandVA PAR%Variable4)
Reductionistswill determinethe type of weatherusingthe video andrecordas partof the data
reductionprocess.

= Clear
2 = Cloudy
3 = Fog
4 = Mist
S = Raining
6 = Snowing
7 = Sleeting
8 = Smokedust
9 = Other
99 = Unknown

2. Light (GES VariableA 191, Light Condition andVA PAR% Variable7)
Reductionistswill determinethetypeof ambientlight conditionsarepresentusingthe video and
recordaspartof the datareductionprocess.

I = Dawn
2 = Daylight
3 = Dusk
4 = Darkness,lighted
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S = Darkness,not lighted
99 Unknown

3. WindshieldWiperActivation
Analystswill determinethe windshieldwiper activationthroughvideo reduction.

0 = Off
I-On
99 = Unknown

4. SurfaceCondition (VA PAR%Variable5)
Reductionistswill determinethe typeof surfaceconditionat the onsetof the
precipitatingfactorandrecordaspart of thedatareductionprocess.

1= Dry
2 = Wet
3 = Snowy
4 = Icy
5 = Muddy
6 = Oily
7 = Other
99 = Unknown

5. Traffic Density(Level of Service)
Reductionistswill determinethe level of traffic densityatthe time of the precipitatingfactorand
recordas part of the data reductionprocess.

= LOS A:
2 = LOS B:
3 = LOS C:
4 = LOS D:

driver
5 = LOS E: Flow is unstable,vehiclesareunableto pass,temporary

stoppages,etc.
6 = LOS F: Forcedtraffic flow conditionwith low speedsandtraffic

volumesthatare belowcapacity. Queuesforming in particular
locations.

99 = Unknown

free flow
Flow with somerestrictions
Stableflow, maneuverabilityandspeedare morerestricted
Unstableflow — temporaryrestrictionssubstantiallyslow

Driving Environment: Infrastructure
I. Kind of Locality (VA PAR%Variable8)
Reductionistswill determinethe kind of locality at the onsetof the precipitatingfactorand
recordas part of thedatareductionprocess.

I = School
2 = Church
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3 = Playground
4 = OpenCountry
5 = Business/industrial
6 = Residential
7 = Interstate
8 = Other
9= ConstructionZone(Added)
99 = Unknown

2. Relationto Junction(GES VariableA9)
Reductionistswill determinethe whetherthe precipitatingfactoroccurredneara roadway
junctionandrecordas part of the datareductionprocess.

Non-InterchangeArea
00 = Non-Junction
01 = Intersection
02 = Intersection-related
03 = Driveway, alley access,etc.
04 = Entrance/exitramp
05 = Rail gradecrossing
06 = On a bridge
07 = Crossoverrelated
08 = Other,non-interchangearea
09 = Unknown,non-interchange
20 = Parkinglot [Added]

FORIvIAT: Integervalueas listed above.

InterchangeArea
10 = Non-Junction
II = Intersection
12 = Intersection-related
13 = Driveway, alley access,etc.
14 = Entrance/exitramp
16 = On a bridge
17 = Crossoverrelated
I 8 = Other location in interchangearea
19 = Unknown, interchangearea
99 = Unknown if interchange

3. Trafficway Flow (GESVariableAll)
Reductionistswill determinethe whetherthe roadwaywasdivided at the time of the precipitating

factorandrecord as part of the datareductionprocess.

= Not divided
2 = Divided (medianstripor barrier)
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3 = One-waytraffic
99 = Unknown

4. Numberof TravelLanes(GESVariableA12)
Reductionistswill determinethe numberof travel lanesat the time of the precipitatingfactorand
recordaspartof the data reductionprocess.

1=1
2=2
3a = 3 lanesin directionof travel(divided or one-waytrafficway)
3b = Undividedhighway,3 lanestotal, 2 in directionof travel
3c = Undividedhighway,3 lanestotal, I in directionof travel
4=4
5=5
6=6
7 = 7+
99 = Unknown

5. Traffic Control (VA PAR%VariableI)
Reductionistswill determinewhethertherewasa traffic control devicepresentandrecord aspart
of the datareductionprocess.

= No traffic control
2 = Officer or watchman
3 = Traffic signal
4 = Stopsign
5 = Slow or warningsign
6 = Traffic lanesmarked
7 = No passingsigns
8 = Yield sign
9 = One way roador street
10 = Railroadcrossingwith
11 = Railroadcrossingwith
12 = Railroadcrossingwith
13 = Other
99 = Unknown

markingsor signs
signals
gateandsignals

Source: VA PAR%VariableI.
Coded in GeneralStateVariables:Road/TrafficVariables.
FORMAT: Integervalueas listedabove.

6. Alignment (VA PAR%Variable3)
Reductionistswill determinewhethertherewhatthe roadalignmentwasatthe onsetof the
precipitatingfactorandrecordas part of the datareductionprocess.

= Straightlevel
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2 = Curve level
3 = Gradestraight
4 = Gradecurve
5 = Hillcrest straight
6 = Hillcrest curve
7 = Dip straight
8 = Up curve
9 = Other
99 = Unknown

DRIVER STATE VARIABLES
I. Driver I Handson Wheel(C-N-I-B)
Reductionistswill the numberof handsthe driverhadon the steeringwheelatthe time of the
precipitatingfactorandrecordas part of the datareductionprocess.

0 = None
I = Left handonly
2 = Both hands
3 = Right handonly
99 Unknown

2. OccupantSafetyBelt Usage(C)
Reductionistswill determinewhetherthe driver hadaseatbeltfastenedat the time of the
precipitatingfactorandrecordas part of the datareductionprocess.

= Lap/shoulderbelt
2 = Lap belt only
3 = Shoulderbelt only
5 = Noneused
99 = Unknown if used.

3. Driver I Alcohol Use(GES VariableV92)
Reductionistswill determinewhetherdriverswereusingalcohol or underthe influenceof
alcoholat the timeof theprecipitatingfactorandrecord as partof the datareductionprocess.

Ia = Use observedin vehiclewithout overt effectson driving
lb = Use observedin vehicle with overteffects on driving
I c = Use not observedbut reportedby police
Id = Usenot observedor reported,but suspectedbasedon driver behavior.
2 = Noneknown
99 = Unknown

4. FaultAssignment
I = Driver I (subjectvehicle)
2 = Driver 2
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3 = Driver 3
4 = Driver 4
S = Driver S
6 = Driver 6
7 = Driver 7
8 = DriverS
9 = Driver 9
10 = Driver 10
11 = Other (textbox)
99 = Unknown

5. ObserverRatingof Drowsiness(ORD)

Forcrashesandnear-crashes,reductionistsratedthe driver’sdrowsinesson a scaleof 0-100.
The procedurefor measuringORD wasdevelopedand first usedby Wierwille andEllsworth
(1994). This scaleis brokendown as is shownin FigureC-I.

I I I I I I
Not Slightly Moderately Very Extremely

Drowsy Drowsy Drowsy Drowsy Drowsy

Figure C-I. The observerrating of drowsinessscalewhere not drowsy is equal to 0 and
extremely drowsy is equal to 100.

Reductionistswereinstructedto watchthedriver’s faceandbody languagefor aperiod of
time prior to the trigger. As describedby Wierwille and Ellsworth(1994),signs indicative
of drowsinessincluderubbingfaceor eyes,facial contortions,movingrestlesslyin the seat,
andslow eyelidclosures.Reductionistsweretrainedto look for thesesignsof drowsiness
andmakeasubjectivebut specificassessmentof the level of drowsiness.After watching
the video data,reductionistsemployedarating scaleto recordan ORD level. Pleasenote
that for a driver to be considered“drowsy” in all of the analysesin this report, the ORD
ratingneededto be 60 or higher. The specificdrowsybehaviorsthat reductionistsusedto
ratea driver’s drowsinesslevel wereas follows:

• Not Drowsy: A driver who is not drowsywhile driving will exhibit behaviorssuchthatthe
appearanceof alertnesswill be present. Forexample,normal facial tone,normal fasteye blinks,and
short ordinaryglancesmay be observed.Occasionalbody movementsandgesturesmay occur.
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• Slightly Drowsy: A driver who is slightly drowsywhile driving may not look as sharpor alert as a
driver whois not drowsy. Glancesmay be a little longerandeyeblinks may not beas fast.
Nevertheless,the driver is still sufficiently alert to beable to drive.

• Moderately Drowsy: As adriver becomesmoderatelydrowsy,variousbehaviorsmay be exhibited.
Thesebehaviors,calledmannerisms,may include rubbingtheface or eyes,scratching,facial
contortions,andmoving restlesslyin the seat,amongothers. Theseactionscan bethoughtof as
countermeasuresto drowsiness.They occurduringthe intermediatestagesof drowsiness.Not all
individualsexhibitmannerismsduring intermediatestages.Someindividualsappearmoresubdued,
theymayhaveslower closures,their facial tonemay decrease,theymay haveaglassy-eyed
appearance,andthey may stareata fixed position.

• Very Drowsy: As adriver becomesverydrowsyeyelidclosuresof 2 to 3 secondsor longerusually
occur. This is often accompaniedby arolling upwardor sidewaysmovementof theeyesthemselves,
The individual mayalsoappearnot to be focusingthe eyesproperly,or may exhibitacross-eyed
(lack of propervergence)look. Facial tonewill probablyhavedecreased.Very drowsydrivers may
alsoexhibit a lack of apparentactivity andtheremaybe largeisolated(or punctuating)movements,
suchas providing a largecorrectionto steeringorreorientingthe headfrom a leaningor tilted
position.

• ExtremelyDrowsy: Driverswho areextremelydrowsyare falling asleepandusually exhibit
prolongedeyelidclosures(4 secondsor more)andsimilar prolongedperiodsof lack of activity.
Theremay be largepunctuatedmovementsasthey transitionin andout of intervalsof dozing.

6. AveragePERCLOS(PercentageEyesClosed)(C, N)
For crashesandnear-crasheswherethe driver’sobserverratingof drowsinessis abovea criterion
level anORD of 60, the averagePERCLOSvaluefor the 30 secondspre-eventperiodwill be
obtainedthroughvideo reduction.

7. Driver I EyeglanceReconstruction(C-N)
Eyeglancesfor theprevious30 secondswill beclassifiedusingthe following categoriesand
describedas atimed, narrativesequenceof the following numbers:
1 = Centerforward
2 = Left forward
3 = Right forward
4 = Left mirror
S = Right mirror
6 = Left window
7 = Right window
8 = Instrumentpanel
9 = Passenger
10 = Object
II = Cell Phone
12 = Other

Comment: The analysiswill includea recordingof time the driver’s eyeswerenot “on the
road.” i.e.. straightahead,forwardright, or forward left. Whenpossible,eyeglanceswill be
characterizedin greaterdetail thanthe generaldirectionsandareaslistedabove,e.g., when
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known,the specificobjectof regardwill be noted in the narrative. For the instrumentpanel,for
example,specificcomponentssuchas the radio/CDwill be notedin the narrative. When
applicableandpossible,the eyeglancereconstructionwill also includean assessmentof driver
reactiontime to a stimulus,e.g.,braking reactiontime following apotentialcrash-precipitating
event.

Driver/Vehicle2

1. Numberof otherVehicle/Person(s)
Reductionistswill identify the numberof vehicles in the immediateenvironmentand thenrecord
the following variables.

2. Locationof otherVehicle/Persons
Reductionistswill identif5i the locationof vehiclesin the immediateenvironmentwith respectto
thesubjectvehicle and thenrecordthe following variables.

A = In front of subjectvehicle
B = In front andto the immediaterightof the subjectvehicle
C = Onthe right sideof the subjectvehicle,closerto front seatof thevehicle.
D = On the right sideof the subjectvehicle,closerto rearseatof the vehicle.
E = Behindandto the immediateright of thesubjectvehicle.
F = Behindthe subjectvehicle
G = Behindandto the immediateleft of the subjectvehicle.
H = Onthe left sideof the subjectvehicle,closerto the rearseatof thevehicle.
I = Onthe left sideof the subjectvehicle,closerto the front seatof the vehicle.
J = In front andto the immediateleft of the subjectvehicle.

3. Vehicle/Person2 Type (Modified versionof GES VariableVS, Body Type)
Datareductionistswill record what typeof vehiclesthatarein the subjectvehicle’s immediate
surroundings.

I = Automobile
14 = SportUtility Vehicles
20 = Van-basedtruck (minivan or standardvan)
30 = Pickuptruck
50 = Schoolbus
58a= Transitbus
58b = Greyhoundbus
58c= Conversionbus
64a= Single-unitstraighttruck: Multistop/stepvan
64b= Single-unitstraighttruck: Box
64c= Single-unitstraighttruck: Dump
64d = Single-unitstraighttruck: Garbage/recycling
64e= Single-unitstraighttruck: Concretemixer
64f= Single-unitstraighttruck: Beverage
64g Single-unitstraighttruck: Flatbed
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64h Single-unitstraight truck: Tow truck
64i = Single-unitstraighttruck: Other
64j = Single-unitstraight truck: Unknown
64k = StraightTruck + Trailer
66 = Tractoronly
66a= Tractor-trailer:Enclosedbox
66b= Tractor-trailer:Flatbed
66c= Tractor-trailer:Tank
66d = Tractor-trailer: Carcarrier
66e= Tractor-trailer:Livestock
66f=Tractor-trailer:Lowboy trailer
66g = Tractor-trailer:Dumptrailer
66h = Tractor-trailer:Multiple trailers/enclosedbox
66i = Tractor-trailer:Multiple trailers/grain
66e= Tractor-trailer:Other
93 = OtherLargeConstructionEquipment
8 = Motorcycleor moped
9a= Ambulance
9b = Fire truck
9c = Police
10 = Othervehicletype
11 = Pedestrian
12 = Cyclist
13 = Animal
99 = Unknownvehicletype
4. Vehicle 2 Maneuver(GES VariableV2 I, MovementPrior to Critical Event)
Reductionistswill recordwhat the othervehicle’sactionswerejust prior to the onsetof the
precipitatingfactor.

= Going straightahead
2 = Making right turn
3 = Making left turn
4 = Making U-turn
S = Slowingor stopping
6 = Startingin traffic lane
7 = Startingfrom parkedposition
8 = Stoppedin traffic lane]
9 = Ranoff roadright
10 = Ranoff road left
II = Parked
12 = Backing
I 3 = Passing
14 = Changinglanes
IS = Other
16 = Acceleratingin traffic lane
17 = Enteringa parkedposition
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18 = Negotiatinga curve
19 = Merging
99 = Unknown

5. Driver/Vehicle 2 CorrectiveAction Attempted(GES V27, CorrectiveAction Attempted)
Reductionistswill recordthe correctiveactionattemptedfor eachvehicle immediately
surroundingthe subjectvehicle.

0 = No driver present
1 = No avoidancemaneuver
2 = Braking(no lockup)
3 = Braking(lockup)
4 = Braking (lockupunknown)
5 = Releasingbrakes

6 = Steeredto left
7 = Steeredto right
8 = Brakedandsteeredto left
9 = Brakedandsteeredto right
10 = Accelerated
II = Acceleratedandsteeredto left
12 = Acceleratedandsteeredto right
98 = Otheractions
99 = Unknown if driverattemptedany correctiveaction

Coded: FromPAR%and/orvideo.
Source:GESV27, CorrectiveAction Attempted.
Codedin GeneralStateVariables: Driver/Vehicle2.
FORMAT: Integervalueas listedabove.

6. Driver/Vehicle2 Physical/MentalImpairment(GESD3, Driver Physical/MentalCondition)
Reductionistswill markonly for thosecrashesthat a policeaccidentreport form is collected
from the subject.

0 = Noneapparent
= Drowsy, sleepy,asleep

2 = Ill, blackout
3a = Angry

3b = Otheremotionalstate
4 = Drugsandmedication
5 = Otherdrugs(marijuana,cocaine,etc.)
6 = Restrictedto wheelchair
7 = Impaireddueto previousinjury
8 = Deaf
50 = Hit-and-runvehicle
97 = Physical/mentalimpairment no details
98 = Otherphysical/mentalimpairment
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99 = Unknownphysical/mentalcondition

7. Driver 2 Actions/FactorsRelatingto Crash/Incident(VA PAR%Variable17/18)
Reductionistswill codethis for crashesandnear-crashesonly for eachvehicleimmediately
surroundingthe subjectvehicle.

0 = None
= Exceededspeedlimit

2 = Inattentiveor distracted(codedin previousvariable)
3 = Exceededsafespeedbut not speedlimit
4 = Driving slowly: below speedlimit
S = Driving slowly in relationto othertraffic: not belowspeedlimit
6 = Illegal passing(i.e., acrossdoubleline)
7 = Passingon right
8 = Other improperor unsafepassing
9 = Cutting in, too closein front of othervehicle
10 = Cutting in, too closebehindother vehicle
11 = Making turn from wrong lane (e.g.,acrosslanes)
12 = Did not seeothervehicleduring lanechangeor merge
13 = Driving in othervehicle’sblind zone
14 = Aggressivedriving, specific,directedmenacingactions
15 = Aggressivedriving, other, i.e., recklessdriving without directed

menacingactions
16 = Wrong sideof road,not overtaking
17 = Following too close
18 = Failedto signal,or impropersignal
19 = Improperturn: wideright turn
20 = Improperturn: cut corneron left turn
21 = Other improperturning
22 = Improperbacking,did not see
23 = Improperbacking,other
24 = Improperstartfrom parkedposition
25 = Disregardedofficer or watchman
26 = Signalviolation,apparentlydid not seesignal
27 = Signal violation, intentionallyran red light
28 = Signalviolation, tried to beatsignalchange
29 = Stopsign violation,apparentlydid not seestop sign
30 = Stopsign violation, intentionallyran stopsign atspeed
31 = Stopsign violation, “rolling stop”
32 = Othersign (e.g., Yield) violation, apparentlydid not seesign
33 = Othersign (e.g.,Yield) violation, intentionallydisregarded
34 = Othersign violation
35 = Non-signedcrossingviolation (e.g.,drivewayenteringroadway)
36 = Right-of-wayerror in relationto othervehicleor person,apparent

recognitionfailure (e.g., did not seeothervehicle)
37 = Right-of-wayerror in relationto othervehicleor person,apparent

I 76



APPENDIX D: ANOVA TABLES

Table D-l. T-test summary table for Driver Attentiveness(Driver Age).

Sourceof Variation df 55 MS F value p value*
DependantVariable:
Age

Attention Category II 1371.7638 1371.764 7.07 0.0091

Table D-2. T-test summary table for Driver Attentiveness(Male Driver’s Age).

Sourceof Variation df SS MS F value p value*
DependantVariable:
Age/Male

Attention Category 1 1 294.02362 294.0236 1.63 0.2066

Table D-3. T-test summary table for Driver Attentiveness(FemaleDriver’s Age).

Sourceof Variation df SS MS — F value py~q~i_
DependantVariable:
Age/Female

Attention Category I — 1031.7459 1031.746 4.9 0,0328

Table D-4. T-test summary table for Driver Attentiveness(Years of Driving Experience).

Sourceof Variation df I SS MS — F value p value*
DependantVariable:
Experience

Attention Category 1 1482.5217 1482.522 7.6 0.0069

Table D-5. T-test summary table for Driver Attentiveness(Number of Traffic Violations).

Sourceof Variation df SS MS F value p value*
DependantVariable:
Violations

[~~2ti~Category I 18.324647 18.32465 4.9 0.029
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Table D-6. T-test summary table for Driver Attentiveness(Number ofAccidents).

Sourceof Variation df SS MS — F value p value*
DependantVariable:
Accidents

Attention Category I 0.1762382 0.176238 0.08 I 0.7764

Table D-7. T-testsummary table for Driver Attentiveness(Number of Illnesses).

Source ofVariation df SS MS F value ie~~
DependantVariable:
Illness

Attention Category I 0.2442525 0.244252 0.12 0.7337

Table D-8. T-test summary table for Driver Attentiveness(Daytime SleepinessRating).

Sourceof Variation df I ss I MS Fvalue p value*
DependantVariable:
Daytime Sleepiness
Rating

Attention Category I 16.615563 — 16.61556 3.61 0.0602

Table D-9. T-testsummary table for Driver Attentiveness(Number of Hours of Sleep).

SourceofVariation df — SS I MS F value
Dependant Variable:
Number ofHours of
Sleep

Attention Category 1 0.0491863 0.049186 j 0.05 0.8157

Table D-1O. T-test summary table for Driver Attentiveness(Life StressScore).

Sourceof Variation df SS MS F value p value*
DependantVariable:
Life StressScore

Attention Category 9824,6815 9824.682 0.8 0.3754
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Table D-1 1. T-test summary table for driver attentivenessfor Driver Behavior
Questionnaire.

Sourceof Variation df — I SS MS — F value ,py~
DependantVariable:
~ggression

AttentionCategory 1 123.64634 123.6463 0.57 0.4526

TableD-12. T-test summary table for driver attentivenessDriver Behavior Questionnaire.

Sourceof Variation df I SS MS F value p~~_
DependantVariable:
Dislike of Driving

Attention Category 1 32.855265 32.85527 0.31 0.5785

TableD-13. T-test summary table for driver attentivenessDriver BehaviorQuestionnaire.

Ej~rceof Variation df SS MS F value p value*

I DependantVariable:
Hazard Monitoring

AttentionCategory I 362.16148 362.1615 2.66 0.1057—

Table D-14. T-test summary table for driver attentivenessfor Driver Behavior
Questionnaire.

Sourceof Variation I df SS MS I F value p value*
DependantVariable:
Thrill-seeking

AttentionCategory 1 262.34811 262.3481 0.98 0.325

Table D-I5. T-test summary table for driver attentivenessfor Driver Behavior
Questionnaire.

I Sourceof Variation df SS MS F value p value*
DependantVariable:
DrowsinessProneness —__________________________________

Attention Category I 202.42993 202.4299 1.15 0.2868
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Table D-16. T-test summary table for driver attentivenessand the Dula DangerousDriving
Questionnaire.

Sourceof Variation df SS MS F value p valuet
DependantVariable:
DDDI

Attention Category I 117.71573 117.7157 0.94 0.3344

TableD-17. T-test summary table for driver attentivenesstheDula DangerousDriving
Questionnaire.

Sourceof Variation df SS MS F value p value*
DependantVariable:
NegativeEmotion

AttentionCategory 1 15.387279 15.38728 0.66 0.4181—

Table D-18. T-test summary table for driver attentivenessthe Dula DangerousDriving
Questionnaire.

Sourceof Variation df SS MS F value p value*
DependantVariable:
AggressiveDriving

Attention Category 1 2.8125107 2.812511 0.19 0.6652

Table D-19. T-test summary table for driver attentivenessthe Dula DangerousDriving
Questionnaire.

Sourceof Variation df SS MS F value p value*
DependantVariable:
Risky_Driving

Attention Category 1 24.275174 24.27517 1.29 0.2587
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Table D-20. T-test summary table for driver attentivenessfor the NEO Five-Factor
PersonalityInventory.

Sourceof Variation dl j SS MS — F value p~~_
DependantVariable:
Neuroticism

Attention Category 1 734.107 734.107 2.75 0.1004

TableD-21. T-test summary table for driver attentivenessfor the NEO Five-Factor
Personality Inventory.

“7~aiinJ~iT SS — MS F value p valuet

DependantVariable:
Extroversion

AttentionCategory— 1 976.01176I 976.0118 7.03 0.0093

TableD-22. T-testsummarytablefor driver attentivenessfor the NEO Five-Factor
PersonalityInventory.

Sourceof Variation df SS MS — F value p value*
DependantVariable:
Openness

Attention Category I 537.18718 537.1872 4.03 I 0.0473 I

TableD-23. T-testsummarytablefor driver attentivenessfor the NEO Five-Factor
Personality Inventory.

Sourceof Variation df SS MS — F value p value*
DependantVariable:
Agreeableness

Attention Category I 941.01129 941.0113 8.26 0.0049
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Table D-24. T-test summary table for driver attentivenessfor the NEO Five-Factor
Personality Inventory.

—I”iource of Variation df SS MS F value p valuet

DependantVariable:
Conscientiousness

Attention Category I 554.77672 554.7767 6.62 0.0115

Table D-25. T-test summary table for Driver Attentiveness.

Sourceof Variation — df SS MS F value p valuet
DependantVariable:
flannel Capacity —

Attention Category 1 0.4384058 0.438406 0.1 0.7526

Table D-26. T-test summary table for driver attentivenessfor the Waypoint Performance-
BasedTest.

Sourceof Variation df SS MS F value p valuet
DependantVariable:
PreventableNear-
Crash/Crash Risk

Attention Category 1 1.0471015I 1.047101 2.05 0.1555

Table D-27. T-test summary table for driver attentivenessfor the \Vaypoint Performance-
BasedTest.

Sourceof Variation I df SS MS F value p value*
DependantVariable:
Expected# of Moving
Violations in the Next
5 Years

Attention Category - 1 0.0036232 0.003623 0.01 0.9299 I
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Table D-28. T-test summary table for driver attentivenessfor the Waypoint Performance-
Based Test.

Sourceof Variation df SS MS F value p valuet
DependantVariable:
ExpectedSeatBelt
Use

AttentionCategory I 0.0664504 0.06645 0.57 0.4539

Table D-29. T-testsummarytable for driver attentivenessfor the Useful Field of View
Performance-BasedTest.

Source of Variation df SS MS F value p value*
Dependant Variable:
UFOV

Attention Category 1 5.9753086 5.975309I 1.39 0.2404

Analysis ofVariance Tables for Driver Attentiveness

TableD-30. ANOVA summary table for Driver Attentiveness(Driver Age).

I Source of Variation df SS MS F value p value*
DependantVariable:
Age

Attention Category 2 2538.22963 1269.11481 6.77 0.0017

Table D-31. ANOVA summary table for Driver Attentiveness(Years of Driving
Experience).

I Source of Variation df SS MS I F value p value*
Dependant Variable:
Experience

Attention Category 2 2858.6439f 1429.322 7.69 I 0.0008 I
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TableD-32. ANOVA summarytablefor Driver Attentivenessft umber of Traffic
Violations).

Sourceof Variation df SS MS F value p valuet
DependantVariable:
Violations

AttentionCategory 2 38.949862 19.47493 5.54 0.0052

Table D-33. ANOVA summary table for Driver Attentiveness(Number of Accidents).

Source of Variation df SS MS F value p valuet

DependantVariable:
Accidents

AttentionCategory 2 19.292393 9.646197I 4.88 0.0094

TableD-34. ANOVA summary table for Driver Attentiveness(Daytime SleepinessRating).

Sourceof Variation df I Ss I MS F value p valuet
DependantVariable:
Daytime Sleepiness
Rating

AttentionCategory 2 35.005781 17.50289 3.8 0.0255

Table D-35. ANOVA summary table for Driver Attentiveness(Hours of Sleep).

Sourceof Variation df SS — I MS F value p valuet

DependantVariable:
Hours of Sleep

Attention Category 2 1.1631296 0.581565 0.65 0.5258

Table D-36. ANOVA summary table for driver attentivenessfor Driver Behavior
Questionnaire (Aggression).

Sourceof Variation I df SS MS F value p value*
DependantVariable:
Aggression

Attention Category 2 f 123.14055 61.57028 0.29 0.7522
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Sourceof Variation dl SS MS I F value p value*
DependantVariable:
Dislike of Driving

AttentionCategory 2 37.498264 18.74913J 0.17 0.8405

Table D-38. ANOVA summary table for driver attentivenessfor Driver Behavior
Questionnaire (Hazard).

I Sourceof Variation I df SS MS F value I p valuet

DependantVariable:
Hazard Monitoring —

Attention Category 2 791.19383I 395.5969 2.9 0.0594

Table D-39. ANOVA summary table for driver attentivenessfor Driver Behavior
Questionnaire (Thrill-seeking).

Sourceof Variation df SS MS F value p valuet

Depcndant Variable:
Thrill-seeking

Attention Category 2 224.13074 112.0654 0~4II 0.6661

Table D-40. ANOVA summary table for Driver AttentivenessDriver Behavior
Questionnaire (Drowsiness).

Sourceof Variation I df SS MS F value p valuet

DependautVariable:
DrowsinessProneness

Attention Category 2 63.21934 3 1.60967 0.18 0.8377

Table D-37. ANOVA summary table for driver attentivenessfor Driver Behavior
Questionnaire(Dislike).
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Table D-41, ANOVA summary table for driver attentivenessfor the Dula Dangerous
Driving Inventory (DDDI).

Sourceof Variation df SS MS F value p valuet

DependantVariable:
DDDI

Attention Category 2 368.34603 184.173 1.52 0.2238

Table D-42. ANOVA summary table for driver attentivenessfor the Dula Dangerous
Driving Inventory (NE).

Sourceof Variation df SS MS F value p value*
Dependant Variablet
NegativeEmotional

AttentionCategory 2 [ 116.1119 58.05595 2.64 0.0762

Table D-43. ANOVA summary table for driver attentivenessfor the Dula Dangerous
Driving Inventory (AD).

Sourceof Variation df SS MS F value p valuet

DependantVariable:
AggressiveDriving

Attention Category I 2 4.8314514 2.415726 0.16 0.8501

Table D-44. ANOVA summary table for driver attentivenessfor the Dula Dangerous
Driving Inventory (RD).

ISourceof Variation df SS MS F value p valuet I
DependantVariable:
Risky_Driving

Attention Category 2 46.012434 23.00622 1.21 I 0.3033
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Table D-45. ANOVA summary table for driver attentivenessfor the Useful Field of View.

Sourceof Variation df I SS MS F value p valuet
DependantVariable:
UFOV

Attention Category 1 23.945798 11.9729 2.47 I 0.0887

Table D-46. ANOVA summary table for driver attentivenessfor the NEO Five-Factor
Personality Inventory (N).

Sourceof Variation I df L SS I MS F value p valuet

DependantVariable:
Neuroticism

AttentionCategory 2 — 544.88275 272.4414 1.05 0.3549

Table D-47. ANOVA summary table for driver attentivenessfor the NEO Five-Factor
Personality Inventory (E).

~rce ofVariation
DependantVariable:
Extroversion

df SS MS F value p value*

AttentionCategory 2 531.03909I 265.5195 1.96 0.1461

TableD-48. ANOVA summary table for driver attentivenessfor the NEO Five-Factor
Personality Inventory (0).

ISourceof Variation df SS MS F value p valuet

DependantVariable:
Openness

Attention Category 2 258.81916 129.4096 I 0.96 0.3853
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Table D-49. AI\OVA summary table for driver attentivenessfor the NEO Five-Factor
PersonalityInventory(A).

Sourceof Variation df SS MS value p valuet
DependantVariable:
Agreeableness

Attention Category 2 819.18283 409.5914 3.77 0.0261

Table D-5O. ANOVA summarytablefor driver attentivenessfor theNEO Five-Factor
Personality Inventory (C).

Sourceof Variation df SS MS F value p valuet
DependantVariable:
Consciousness

Attention Category 2 486.96632 243.4832 3.05 0.0512

TableD-51. ANOVA summarytablefor driver attentivenessfor the waypoint
performance-basedtest(channel1).

Sourceof Variation df SS MS F value p value*
DependantVariable:
Channel Capacity

AttentionCategory 2 6.0800916 3.040046 0.7 0.4968

Table D-52. ANOVA summary table for driver attentivenessfor the waypoint
performance-basedtest (per).

Sourceof Variation df SS MS F value p value*
DependantVariable:
PreventableNear-
Crash/Crash Risk

Attention Category I 2 0.7911188 0.395559 0.79 0.4588
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Table D-53. ANOVA summary table for driver attentivenessfor thewaypoint
performance-basedtest (mvr).

[~urceof Variation df SS MS F value PY~!
DependantVariable:
Expected# of Moving
Violations in theNext
5 Years

Attention Category 2 0.0735243 0.036762 0.08 0.9262

Table D-54. ANOVA summary table for driver attentivenessfor the waypoint
performance-basedtest(seatbelt).

Sourceof Variation df SS MS F value p valuet
Dependant Variable:
ExpectedSeatBelt
Use

f Attention Category 2 0.1220738I 0.061037 I 0.54 0.5835

Analysis ofVariance Tablesfor Chapter 6

Table D-55. ANOVA summary table for eyeglaneefor total time eyesoff the forward
roadway.

Sourceof Variation
I DependantVariable:

df SS I MS I. F value p valuet

Total Time

Severity 3 175.797 58.599 33.36 <.0001

Table D-56. ANOVA summary table for eyeglancefor number ofeyeglances.

SourceofVariation
df

SS MS F value p valuet

DependantVariable:
Number of Glances

Severity 3 127.34777 42.44926 I 22.02 <.0001
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Table D-57. ANOVA summary table for eyeglancefor length of longestglance.

Sourceof Variation df SS MS F value p valuet

DependantVariable:
Length of Longest
Glance

Severity I 134.75325 44.91775I 34.94 <.0001
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