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Twenty-four hour, global aviation operations pose unique challenges to humans.

Physiological requirements related to sleep, the internal circadian clock, and human fatigue are

critical factors that are known to affect safety, performance, and productivity. Understanding the

human operators' physiological capabilities--and limitations--will be important to address these

issues as global demand for aviation dctivities continues to increase. In 1980, in response to a

Congressional request, the National Aeronautics and Space Administration (NASA) Ames

Research Center initiated a Fatigue/Jet Lag Program to examine the role of fatigue in flight

operations. Originally established by Dr. John K. Lauber and Dr. Charles E. Billings, the

Program was designed to address three objectives: 1) determine the extent of fatigue, sleep loss,

and circadian disruption in flight operations; 2) determine how fatigue affected flight crew

performance; and 3) develop strategies to maximize performance and alertness during flight

operations.

The first ten years of the NASA Program were devoted to exploratory research, uniquely

examining fatigue during regular flight operations. A large, diverse group of dedicated and

talented individuals has participated in the NASA projects, from in-house scientists such as Dr. R.

Curtis Graeber, Dr. H. Clayton Foushee, Linda J. Connell, William R. Reynard, and Dr. Donald

Hudson, to collaborations with a worldwide group of airlines, pilots, other industry participants,

such as the Federal Aviation Administration (FAA), and scientists. A series of field studies was

conducted to evaluate fatigue, sleep loss, and circadian disruption in short-haul, long-haul,

overnight cargo, and North Sea helicopter flight operations (1, 2, 3, 4, 5). These studies, and

their findings, provided a critical foundation for understanding the role of human fatigue in these

diverse flight environments. The science of sleep has been a research and medical focus for more
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thanforty years.However,theseNASA field studiesandactivitiesby otherlaboratoriesin the

UnitedStates(e.g.,WalterReedArmy Instituteof Research,ArmstrongAeromedicalResearch

Laboratory)andaroundtheworld(e.g.,DLR in Germany,formerInstituteof Aviation Medicine

in UnitedKingdom,KarolinskaInstitutein Sweden)havemovedthestudyof theseissuesoutof

the laboratoryandinto realworldoperatingenvironments.

In 1991,theNASA Fatigue/JetLagProgramevolvedinto theFatigueCountermeasures

Programandaddedanew,fourthobjective:to translatescientificfindingsintooperationaluse.

For thepastsixyears,theNASA AmesFatigueCountermeasuresProgramhasaddressedthe

complexissueof humanfatiguethroughfivemajoractivityareas:1)researchactivities;2)

equipmentdevelopment;3) educationactivities;4) NationalTransportationSafetyBoard(NTSB)

collaborations;and5) policysupport.A summaryof eachactivityareawill provideanoverviewof

thesignificantprogressmadeandfor themanagementof fatiguein flight operations.Future

directionsfor theProgramalsowill beoutlined.

1.Researchactivities.A NASA/FAAstudyof plannedcockpitrestexemplifiedthe

transitionfrom exploratoryfield studiesto theevaluationof anoperationalfatiguecountermeasure

duringregularlyscheduledflights (6, 7). Theresultsclearlydemonstratedthata40-minute

plannedinflight restperiodsignificantlyimprovedperformanceandphysiologicalalertnessin long-

haul flight operations.This wasthefirstNASA studyto incorporateflight crewperformance

measuresandcontinuouscollectionof brainandeyemovementactivityto physiologically

determinesleep/wakestateandalertness.TheFAA isreviewinganAdvisoryCircularthatwould

implementplannedcockpitrestandabouteightinternationalcarriersaroundtheworld havealready

institutedpoliciesandproceduresto usethiseffectivefatiguecountermeasure.

Two projectshavebeenconductedto examineaugmentedlong-haulflight operations,

includingthequantityandqualityof sleepobtainedusingonboardcrewrestfacilities. First, three

U.S.airlinesparticipatedin asurveytoexaminefactorsthatpromotedor interferedwith sleepin

onboardbunks(8). Resultsfromover1,400internationalflight crewmembersindicatedsome

difficultiessleepingin onboardbunksbut thatareasonableamountandqualityof sleepwas
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obtained.Thissleepwasratedassignificantlyimprovingsubsequentinflight performanceand

alertness.Factorswereidentifiedthatpromotedor interferedwithsleepandwhichcouldbe the

basisfor interventionstrategiesto promoteoptimalsleepinonboardcrewrestfacilities. The

surveyprovidedtheinitial datafor asubsequentfield studyto examinetheseissuesduringactual

flight operations.Thesecondprojectinvolvedafield studyto collectphysiological,performance,

behavioral,environmental,andself-reportmeasuresto examinesleepquantityandquality in

augmentedlong-haulflightswith onboardbunkfacilities(9). Thesemeasureswerecollectedin

severaldifferenttypesof internationaloperationsandaircraft,with twocommercialairlines,andin

onecorporate/businessaircraft. Physiologicaldataconfirmedthatagoodquantityandqualityof

sleepwasobtainedin onboardbunkfacilities. Additionalanalysisis underwayto determinethe

effectivenessof thissleepto maintainor enhancesubsequentinflight performanceandalertness.

Two surveyswereinitiatedto examineknownfatiguefactorsin operatingenvironmentsnot

previouslyexaminedby theNASA Program.Thefirst surveywasconductedin Part 135

regional/commuteroperationstoexaminefactorsuniqueto this flight environment.More than

1,400surveyswerecollectedfrom 26small,medium,andlargeregionalcarriersthroughoutthe

U.S. The surveyincludedquestionsaboutdutydays,flight times,collateralworkloadactivities,

weatherandmechanicaldelays,restopportunities,andotherfatigue-relatedfactors.Thisprojectis

exploratoryandis intendedtodocumentself-reportedperceptionsof thesefactorsfrom the

operators.Analysisof thedatais in progressandwill resultin aNASA TechnicalMemorandum.

Thesecondsurveywasconductedto examinefatiguefactorsin corporate/executiveaviation

operations(10). In collaborationwith theFlightSafetyFoundationandtheNationalBusiness

Aircraft Association(NBAA), almost1,500surveyswerecollectedfrom thosedistributedto 2,100

NBAA memberorganizations.A significantnumberof respondentsidentifiedfatigueasaserious

safetyconcernincorporate/executiveaviationoperations.Severalfindingsdemonstratedwhere

theseissuescouldbeaddressed,for example,in consistentandcomprehensiveflight andduty

guidelinesandthrougheducationalprograms.



Therehavebeenseveralopportunitiestoexaminefatigue-relatedissuesinunique

operationalenvironments.Oneprojectexaminedtheeffectsof shiftworkin theMissions

OperationsDirectoratewhichsupportsspaceshuttleflight operationsat theNASA JohnsonSpace

Center(11). Theissuesexaminedin thisoperationalenvironmentaresimilarto otheraspectsof

flight operations,suchasmaintenanceandair traffic control. Another opportunity was a project to

collect fatigue-related data during a record-breaking around-the-world jet-helicopter trip completed

by Ron Bower and John Williams in 1996. This type of operational challenge that "pushes the

envelope" by setting a new world's record provided a unique chance to obtain performance and

sleep/wake schedule information during such an accomplishment.

Laboratory based research allows detailed examination of fatigue-related factors which can

not be adequately controlled or measured in operational settings. Collaborative laboratory studies

with academic colleagues are examining the effects of prolonged and restricted sleep loss with Dr.

David F. Dinges (University of Pennsylvania), the effects of individual differences on sleep loss

with Dr. Mary A. Carskadon (Brown University), and the effects of sleep loss compared to other

performance-degrading conditions with Drs. Timothy Roehrs and Thomas Roth (Henry Ford

Hospital).

2. Equipment development. The original Fatigue/Jet Lag Program field studies used self-

report measures (e.g., background questionnaire, sleep/wake log) and one physiological measure

of the internal circadian clock (i.e., core body temperature). The Fatigue Countermeasures

Program has increased and improved the number of measures collected during field studies to

include: background questionnaires; an electronic sleep/wake diary; self-report of

sleepiness/alertness; performance; physiological measures of brain, eye, and muscle activity and

oxygen saturation levels; vigilance and short-term memory" performance; objective behavioral

estimates of the 24-hour sleep/wake pattern continuously over a trip pattern; and environmental

variables (e.g., noise, temperature, humidity). Measures are chosen to examine the specific

questions addressed in a particular study.
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OneinnovationdevelopedandsuccessfullyimplementedwastheNASA AIRLOG(Ames

InteractiveReportingLog), anelectronicsleep/wakediary(12). Historically,apaperandpencil

sleep/wakelog wasusedto collectself-reportdatain thefield,whichwasthenenteredinto a

databasefor analysis,sometimestakingfive hoursfor transcription.TheAIRLOG isanelectronic

organizerprogrammedwith anextensivenumberof sleep/wakeanddutyquestionswhichcanbe

downloadedto alaboratorycomputerin aboutfive minutes,includingapreliminaryanalysisand

summaryreportof variables.This informationwassubsequentlyaddedto amorecomprehensive

databasefor completeanalysis.OperatoracceptanceishighandtheAIRLOGalreadyhasbeen

usedsuccessfullyin onefield study. Anotherinnovationhasbeenthedevelopmentof AIRLAB.

TheAIRLAB (AirborneInstrumentResearchLab)is composedof two carry-onbagsthatcontains

equipmentandsuppliesallowingambulatorymeasurementof up to four flight crewwith therange

of methodspreviouslydescribed.Thisprovidesacritical capabilityfor theNASA AmesFatigue

CountermeasuresProgramto collectawiderangeof measuresduringactualoperationsin diverse

settings.

3.Educationactivities.Oneof themostdirectmethodsto translatethescientificfindings

from researchto operationaluseis througheducationandtrainingactivities.Educationwill

provideacritical foundationfor all otheractivitiesthataddressfatiguein flight operations.To meet

thisneed,aneducationandtrainingmoduleentitled,"AlertnessManagementin FlightOperations"

wasdeveloped(13). Themoduleprovidesinformationon thephysiologicalmechanisms

underlyingfatigue,somemisconceptions,andfatiguecountermeasures.Themodulewascreated

asa 1-hourlive presentation,to highlightinteractionandaddressapplicationquestions,andis

complementedby aNASA/FAATechnicalMemorandumthatincludesthepresentationmaterials

andadditionalresources(14). To transferthis informationto theaviationindustry,a two-day

"train-the-trainer"workshopisprovidedfor interestedparties.To date,23workshopshavebeen

conductedwith 475participantsfrom228differentorganizationsand17countries.Virtually all

componentsof theaviationindustryhavebeenrepresentedandinvolvementextendsto manyother

24-houroperationalenvironmentssuchasothermodesof transportation,healthcare,the



petrochemicalindustry,nuclearenergy,andlawenforcement.Currentestimatessuggestthatabout

75organizationsareusingtileeducation_flinformationto reachabout125,000flight crewsand

others.Recently,participantsfromtheBurlingtonNorthernSantaFeRailroadhavecommittedto

usethematerialsto train45,000employees.

4. NTSBcollaborations.TheNTSBhasexaminedavarietyof humanperformance

factorsin theirmanyinvestigativeandsafetyactivitiesandmaderelatedrecommendations.The

NASA AmesFatigueCountermeasuresProgramhasprovidedanalysisof fatiguefactorsto support

severalNTSBinvestigations(e.g.,15,16). In the investigationof a 1993DC-8accidentat

GuantanamoBay,Cuba,theNASA AmesFatigueCountermeasuresProgramprovideda

structuredapproachto examinefatiguefactorsin theaccidentandconductedananalysisof the

fatigue-relateddata. Basedon theresultsregardingthefatiguefactorsandtheir relationto the

performancecontributingto theaccident,theNTSBcitedfatigueasaprobablecauseof the

accident.Thiswasthefirst timein amajorU.S.aviationaccidentthattheNTSBhadcitedfatigue

asaprobablecause.NTSB recommendationsweremadeto reviseflight/duty/restregulationsto

includethelatestscientificinformationandprovideeducationalmaterialon fatigueto flight crews.

In anothercollaboration,theHonorableJamesHall, currentChairmanof theNTSB,attendeda

NASA educationworkshopandsawtheopportunitytoprovidetheinformationto othermodesof

transportation.In November,1995,aNTSB/NASAAmessymposiumentitled,"Managing

humanfatiguein transportation:Promotingsafetyandproductivity,"washeldin theWashington,

D.C. area.Thesymposiumdrew600participantsfrom 16countriesandinvolvedpresentationson

operationallyrelevantscienlificinformationandorganizedworkinggroupsthataddressedissues

specificto particularmodesof transportation.Theproceedingsfrom thesymposiumincluded

reportsof thescientificpresentationsandtheoutcomesof themodalworkinggroups(17).

5.Policy support.Diversegroups,fromregulatoryauthoritiesto individualflight

departments,havebeeninterestedin thepolicy implicationsandapplicationsof thescientific

findingsrelatedto fatiguein flight operations.TheFAA initiatedarulemakingactivity toexamine

currentflight/duty/restregulations.As partof thisactivity,theFAA requestedthatNASA provide
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input on thescientificresem-chrelevantto theseissues.In responseto thisrequest,an International

ScientificWorking GroupwasorganizedthatincludedDrs.DavidF. Dinges,R. CurtisGraeber,

Mark R. Rosekind,Alex Samel,andHansWegmann.Thisgroupdevelopedanoperational

document,aNASA TechnicalMemorandumentitled,"PrinciplesandGuidelinesfor DutyandRest

Schedulingin Commercial Aviation," that provides an approach to manage fatigue issues in the

context of flight/duty/rest requirements (18). The Principles section of the document provides the

significant scientific considerations, and the Guidelines section provides one approach to their

application. The FAA has published a Notice for Proposed Rulemaking (NPRM) on

flight/duty/rest and cites the NASA report as one source for their proposed regulations.

Flight/duty/rest issues are perhaps some of the most contentious and complex in aviation as well as

other operational settings. The FAA provided an extended comment period for the NPRM and is

currently reviewing the many comments received. The same issues are being addressed by

regulatory authorities all over the world, including the Joint Aviation Authority in Europe,

Transport Canada, and New Zealand Civil Aviation Authority. The International Civil Aviation

Organization has an opportunity to provide leadership and guidance to approach these complex

issues from a global perspective and support some level of harmonization across regulatory

authorities.

The Flight Safety Foundation formed a working group to address fatigue in

corporate/executive flight operations. This group, in collaboration with the NASA Ames Fatigue

Countermeasures Program, used the Principles and Guidelines document as a foundation to

develop recommendations fi_r corporate aviation. The Flight Safety Foundation is publishing a

document entitled, "Principles and Guidelines for Duty and Rest Scheduling in

Corporate/Executive Aviation," that provides an approach and specific recommendations for

addressing these issues in the corporate environment (19).

Based on the NASA Ames Fatigue Countermeasures Program's education and training

module, the FAA has formed a working group to develop an Advisory Circular on fatigue

countermeasures for distribution throughout all segments of the aviation industry.



FutureDirections.Theseactivitiesareindicativeof thesignificantprogressmadeto

addresstheissueof humanfatiguein flight operations.Therearemanyothercontributionsby

researchandoperationalgroupsall overtheworld thathavemadesignificantchangesin how this

issueis approached.Thereis muchmoreto bedone.First,manyof theactivitiesandproducts

citedhereneedto beincorporatedmoreextensivelythroughouttheindustry.Educationabout

fatiguemustbecomecommonplaceandacceptedasanongoingcomponentof all trainingcurricula.

TheNASA AmesFatigueCountermeasuresProgramcontinuesto pursuerelevantand

operationallyusefulactivitiesto maintainprogressin thisarea.TheProgramis involvedin the

developmentandevaluationof otherpotentialcountermeasures,suchasbrightlight, melatonin,

caffeine,andexercise.Anotheractivityis exploringhowanindividualairlinecouldestablishits

owninternalprogramto addressfatigueissuesempirically. Whenmakingschedulingor reserve

decisions,informationcouldbecollectedto addquantitativedatato theconsiderations.Transferof

currentinformationto otheroperationalsettingsalsois underway.Forexample,scheduling

recommendationsfor spaceshuttleoperations,usingtheAIRLOG tocollectongoingsleep/wake

datafrom spaceshuttleastronauts,andprovidingstrategiesto supportmilitary operations.

Researchalsomustcontinuetoexaminenewoperatingenvironmentsandchallengesandsupport

thetranslationof the latestscientificfindingsto operationaluse.

Sinceevolvinginto theNASA AmesFatigueCountermeasuresProgramin 1991,many

moreindividualsareto beacknowledgedfor theirsignificantcontributionsto theProgramand

aviationsafety.Someof theseindividualsincludeDr. J.VictorLebacqz,Dr. PhilippaH. Gander,

Dr. DavidF. Dinges,RoyM. Smith,ElizabethL. Co,andBarbaraT. Sweet.To obtain

informationonstudyresultsandotherpublications,writedirectlyto:FatigueCountermeasures

Program,NASA AmesResearchCenter,MS 262-4,Moffett Field,CA 94035-1000,U.S.; fax a

requestto 415-604-2177or visiton theInternetat http://olias.arc.nasa.gov/zteam.

Humanoperatorsremainacentralelementin safe_mdefficientaviationoperations.

Physiologicalconsiderations,alongwithotherperformancefactors,arecritical to understanding

thecapabilitiesandlimitationsof thesehumanoperators.Optimalperformance,alertness,and



safetywill bedependentonthesuccessfulmanagementof fatigue-relatedfactorsin operational

settings.Theprojectedincreasein 24-hourglobalaviationactivitiesindicatesthattheseissueswill

only becomemoresignificantandprevalent.Theprogresscitedheredemonstratesthatthereare

specificandeffectiveapproachesavailableto successfullymanagealertnessandperformancein

aviationoperations.Manychallengesremainandtheglobalaviationindustryhastoolsthatcan

addresstheseissuesnowandin theyearsahead.
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