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Decision Making in Complex Environments
Kevin M. Smith, United Airlines (ret.). & United States Navy (ret.), Mesquite, USA

ABSTRACT

Bayesianprobabilitytheory,signaldetectiontheory,andoperationaldecisiontheoryarecombined
tounderstandhowonecanoperateeffectivelyincomplexenvironments,whichrequiresuncommon
skillsetsforperformanceoptimization.TheanalyticsofuncertaintyintheformofBayesiantheorem
appliedtoamovingobjectispresented,followedbyhowoperationaldecisionmakingisapplicable
toallcomplexenvironments.Large-scaledynamicsystemshaveerraticbehavior,sothereisaneedto
effectivelymanagerisk.Riskmanagementneedstobeaddressedfromthestandpointofconvergent
technologyapplicationsandperformancemodeling.Theexampleofanairplaneduringtakeoffshows
howariskcontinuumneedstobedeveloped.Anunambiguousdemarcationlineforlow,moderate,
andhighriskismadeandthedecisionanalyticalstructureforalloperationaldecisionsisdeveloped.
Threemission-criticaldecisionsarediscussedtooptimizeperformance:tocontinueorabandonthe
mission,theapproachgo-aroundmaneuver,andthetakeoffgo/no-godecision.
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INTRODUCTION

Asageneralclassofphenomena,complexenvironmentscontaincomplexsituationsandcomplex
systems.Complexenvironmentsareoneofthemostchallengingtoconsider,inlargemeasurebecause
ofourinabilitytounderstandandpredict.Theycanbefraughtwithuncertainty.Ifoneisplanning
tooperateinacomplexenvironmentbyemployinglarge-scaledynamicsystems,thenconventional
reasoning—especiallydeterminism—cannotbeused.Complexentitiesarenon-deterministicbynature
becausecomplexitytheoryinformsusthatcomplexsystemsexhibitnovelbehaviorandemergent
properties, rendering these entities and phenomena to a class by themselves residing outside of
conventionalwisdom.

Tacklingthedecisionproblemforlarge-scaledynamicsystemsutilizedinthefieldofaviationis
ofimmediateimportanceyetisarguablythemostdifficult.Thisisbecauseverylittleisunderstood
withrespecttooptimizingtheperformanceofsuchsystems,andpreviousattemptshavenotconsidered
thelevelsofuncertaintyassociatedwithsuchsystems.

Thisarticleisanattempttoaddsomemeasureofanalyticrigortothediscussion.

THE OVERALL MISSION CONTINUATION DECISION

Operationaldecisiontheorywascreatedtosupportoperationaldecisionmaking(ODM).Specifically,
thisbodyofknowledgehelpsidentifyandoptimizeoperationaldecisions.Operationaldecisionsare
singularamongallotherclassesofdecisionsandrepresentthemostimportantcommandactivity.
Importantly,ODMprovidesforthebroadsituationawarenessneededtoidentifyriskandthestructural
mechanismsnecessarytomanagearisingriskprofile.
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Inanefforttoredesignpilottrainingfromthegroundup,theAdvancedQualificationProgram
(AQP)attemptedtounderstandspecificpilotactivities,withtheobjectiveofdirectlyattackingthe
causesofcontrolledflightintoterrain(CFIT).Theydefinedobservablemissionrelatedactivitiesand
attemptedtointegratethesewithteamrelatedorinterpersonalactivities(crewresourcemanagement
[CRM]).Throughthisandotherstudies,theyrealizedthatvariousmissiontaskswerenotperformed
inalinearsequence,butweredoneselectivelyanddifferentially.Furthermore,simulatorstudiesby
Smithrevealedmoreastoundingresults:highperformingcrewsdidsomethingunexpected—they
prioritizedtheirtasks.

So,whiletheconventionalCRM,whatwasconsideredthemanagementofhumanresources,
deconstructedtaskactivitiestounderstandthepilotsandcrews’tasks,itrevealedsomethingelse
entirely.Butwhatwasit?TheanswercamefromDr.RobertJ.Sternberg(1985)andhistheoryof
mentalself-governmentandthetheoryoftheexecutive.Heproposeda“cognitivesuperstructure”
that informedand triggeredselectiveactivitiesaccording tosomeruleasyetunidentified. Ifwe
understoodthecharacteristicsofthissuperstructurethenwehadachancetounderstandhowand
whysuchcrewsdidsowell.

Inthepilot’staskuniverse,“missionactivities”existedsidebysidewithother“taskorganizing”
activities. High performing pilots could differentiate and prioritize, thereby optimizing mission
outcome.Butwhatexactlyisgoingon?SmithandLarrieuproposedaradicalidea:Howhumans
performingroups(asacrew)isbesidethepoint.Whatiscriticalformissionsuccessishowflight
crews andultimatelyhowwell the captain solvesproblems in a complex environment.Thus, in
subsequentworkbySmithandLarrieu,nonlinearproblemsolvingtookcenterstage.

Thisbreakthroughcamewiththefollowinginsights.

1. Allaircarriermissionactivitiesarehighlyplanned,oftenusingsophisticatedplanningtools.
2. Whileallactivitiesareplanned,excellentpilotsdonotplanreal-timeactivities.Somearediscarded

altogether.
3. Thesepilotsprioritizeandselecttasksusingsomekindofdecision-makingprocesstooptimize

missionoutcome.

Thisdecision-makingprocessgaineddefinitionafterKeeneyandRaiffa(1976)inventedabranch
ofmathematicsthatdealtwiththenumericalweightingofmultipleattributes,ormulti-attributeutility
theory(MAUT).Thisdefinedoperationaldecisions,identifiedkeydecisions,andspecifiedtriggers
thatactivatecertaindecisionpathways.High-performingpilotswereselectingoptimumpathways,
butthishadyettobeunderstood.

AnoperationaldecisionforpilotsisnowdefinedbySmithandHastie(1992)ascontainingthree
uniquecomponents:

1. Itmustoftenbeperformedusingincompleteinformation.
2. Onceairborne,itisalwaysperformedunderincreasedtimecompression.
3. Consequencesofpoordecisionsareoftencatastrophic,placingtheaircraft,crew,passengers,

andthecorporationinjeopardy.

Determining Risk
Theoperationaldecisionfortheairtransportmissionisathree-branchednetwork,whichcaptures
theplanningnatureoftheactivity,theneedtoprioritizetooptimizetheoutcome,andconformsto
thefollowingrules.

1. Iftherisktocompletethemissionislow,thencontinuewiththeoriginalmissionplan.
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