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Abstract

TherehasbeenagrowlngreCOgnitionthathumanerrOrS，ratherthanequlpment

problems，havebeenresponsibleforapproximately62％ofpollutionandmarine

accidentsoverthepast15years・HumanfactorsinthefollowlngCategOriesare

resultingin15％ratlngerrOr，30％deckofncererror，2％englneOfficererror，

8％piloterrorand7％shore－basedpersonnelerror・Inthemaritimedomainthe
rootcausesofaccidentsandthecasualtiescanbesub－Classinedasmechanical

鮎lureoringeneraltermsreliabilityfailure（non－human）andthehumanerror
thathasdirecteffbctontheaccidentoccurrence．AtthisstagehumanerrOrCanbe

classi鮎dinthreem句OrCategOrieswiththesameapproximationoftheSTCW
Code1995amendments．ThefirstcategorylSOPerationalbasedhumanerrors，

the second categoryis the managementbased human errors andthe third

categoryisthecombinationofthefirstandsecondcategorythatmightcausea

considerableaccidentordisasterbytnggerlngChainevents・lnthisrespectthe

termin0logyofanincidentmightbedescribedasatriggerlngeVent，SuChasa
humanerrOrOrameChanicalfailurethatcreatesanunSafbconditionandmight

resultinanaccident．Hencetherootcause，theimmediatecause，theincident，

accident，COnSequenCe anditsimpact can be de丘ned asthe casualchain・

Accidentsthatoccurincomplexsystemsaredeterminedbyintemalandextemal

蝕ctorsandthetermtriggerlngeVenthasagreatsignificance，ratherthancausal

event，tOdescribethe丘nalstageoftheaccidentchain・Theaimofthispaperisto

categorizeaquickandeasymethodforthecollectionofknowledgeabouthuman

errorinthemaritlmesafetymanagementPrOCeSSandthedescriptionofthe

humanfactoruslngaCCidentreportsasempiricalmaterial・
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l Introduction

ThedesignandoperationofshipshasevoIvedandcontinuestodevelop，driven

by struCturalchangeintheindustry，neWteClm010gies，neWregulations and

ChangeSinmannlng・When considering maritime safbty，itis necessary to
addressboththehumanfactorandthetechnicalsolutionsinthebroadestsense，

not just theimmediate causes of actual or potential failures．Whilst this
COmbinedapproachistakeninsomeincidentanalysis，WhetheraRertheeventor

aspartofaproactivesafetyassessment，thereisstillatendencytotreatthe
humanandthetechnicalelementsindependentlyofeachother・Anintegrated

approachis requirediffu11understandingis to be achieved。A simplistic
technlCalapproachtendsto recommendlocalreactive solutions，SuCh as the

addition ofmore alarmS，Whichmay assistbut willadd complexitysothe
underlyingcausemaynotberesoIved・Apurelyhumanfactorapproachtendsto
PrOmOteadministrativesolutions，Whichmaynotbefullye脆ctiveontheirown．

Ofcourse，therearemanyaSpeCtSOfshipdesignthathaveadirectlmpacton
humanPerformance，SuChasshipmotions，aCCeSSibility，lightingandnoiselevels

andbasichabitability・ClassincationRulesprovidesomecoverfbrtheseaspects

butthemaritlmeindustryneedstograsphumanfactorissuesatahigher，mOre
integratedleveltomakearealdi脆rencetosafbty．Therearemanylessonstobe

leamedfromtheexperienceofothersectors，tOPreVentthemaritimeindustry
leamlngthesamelessonsthehardway．

2　Defhitionsofbasicterms

HumanFactoristhebodyofscientifiCknowledgeaboutpeopleandhowthey

interactwiththeirenvironment，eSPeCial1ywhenworking・HumanFactors，Orthe

HumanFactor，aretemSWhichareo氏enmisinterpretedandareusedascovers

fortheHumanElementorevenHumanError・Asimplewaytoviewhuman

factorsistoconsiderthreemainaspects：theperson，thejob（task，enVironment

andequipment），andtheorganizationandmanagement，andhowtheytogether

Withtheenvironmentinwhichtheorganlzationandpersonareoperatingandthe
impactonthebehaviourofpeople・

¶le tem’1he human element”，Or uthe human factorHis often heardin

COnVerSationsofpersonshavinglittleornotrueknowledgeof“humanfactorsn

Or“humanfactors englneerlng”・ltis ofienusedbypersonsto expresstheir

PerSOnalbiasorpr亘iudiceconcemlngthebehaviourOfcertainpeoplerelatedtoa

SPeCific eventbeing examined・When something goes wrong，the term山the

humanelement”istypicallyused・Tnthissense，itisanattempttoblindbjudge

Orblamepeopleasbeing“idiots”，OrWOrSe．Assuch，itisatermthatshouldnot

beusedbyhumanfactorsprofbssionals，

Applyinghumanfactorstothedesignandoperationofashiporitssystems

means takinginto accounthuman CaPabilities，Ski11S，llmitations andneeds．
HumanFactorsshouldnotbeconfusedwiththetermHumanResourCeSWhichis

acloselyrelatedactivitythataddressesthesupplyofsuitablyqual摘edand

experiencedstafrWhenconsideringtheoperationordesignofanyShipandits
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SyStemSbothofthesedomainsshouldbeconsideredasHumanResourcesforthe

Selection and preparation ofstaffable to do the required work and Human

Factorstoaccountfbrtheuseofpeop］easacomponentofthesystem．Both

domainscontainanumberofsub－domainS：

HumanFactors（Fittingthejobtotheperson）：

・　HumanFactorsEngineerulg－Thecomprehensiveintegrationofhuman

CharacteristicsintothedemIition，designdevelopment，andevaluation

OfasystemtooptimizeHuman－Machineperformanceunderspecはed
conditions．

●　Health Hazards－Theidentification，aSSeSSment and the rernoval or

reductionofshortorlong－termhazardstohealthoccurrmgaSareSultof

normaloperationofasystem．

・　System Safbty－Thehumancontributiontoriskwhenthe systemis

functionlnglnanOrmalorabnormalmarmer．

HumanResources（Fittingthepersontothejob）：

・　Manpower　－　the number of personnel required，and potentia11y

available，tO OPerate，rrlaintain，SuStain and provide trainingfor a

SyStem．

・　Personnel－　The cognitive（trainability　and mental aptitude）and

physical（重tnesslevels，Physicalsize，gender）Capabilitiesrequiredtobe

abletotrainfor，OPerate，maintainandsustainasystemandprovide

Optimumqualityandquantityofthecrewstomantheship．

・　Training－Theinstructionortheeducation，andon－thejoborpart－taSk

Orfu11－mission training required to provide personnel with their

essentialjobskills，knowledge，Valuesandattitudes．

Ontheotherhandhumanengineeringhasbeende頁ned（similartotheterm

“humanfactors engineering”）as adiscipline concemedwith designingman－

madesystemssothatpeoplecanusethemef悔ctivelyandsafely，andthecreation

Ofenvironmentssuitableforhumanlivingandworkl1】・

2．1Humanfhctorsviewcdashumancharacteristics

Thephrase“human払ctors”is oftenused to mean“human characteristics”・

Varioushumanfactorsinthissensegenerally払11intooneofthreegroupsof

human Characteristics：（l）．physical characteristics，（2）．physiological

charaCteristics，and（3）．psychological or behavioural characteristics・These

groupsofhumanfactorsarenotnecessarilymutuallyexclusive・Herehuman

hctorsarede丘nedthenatureofour“humarness”，thatis，thecharacteristicsof

“behghuman”．

Physicalhumanfactorsincludephysicalattributesofthehumanbody，SuChas

height，Weight，armreaCh，andcentreofgravity．Physiologicalhumanfactors

includesuchthingsasmusclestrengthandenduranceindi脆rentbodypositions，
Visualacuity，tOlerance to extremes oftemperature，ndfrequency range of
humanhearing・Psychologicalorbehaviouralhumanfactorsincludethingssuch
asmentalreactiontimetovariousstimuli，VariousacquiredmeanlngSaSSOCiated

withcertaincolourS（redoRenmeans“danger”），thecapabilitjesandlimitations



238MaritimeSecurityandMET

Of short term memory，and“expectancy”as an element ofperception．In

addition，thereare Culturalnormsthat must also be takeninto account．For

example，inthestandardintemationalculturalenvironments，electricalswitches

go“up”totumOnand“down”totumo托hotwatervalvesareontheleftofthe

faucet outlet and cold water valves are on the right；electrical dials turn

Clockwisetoincreaseflow，butanuidvalvetumedclockwisewilldecreaseflow．

Asacompetentperson，thehumanfactors specialistorenglneerdoesnot

attempttojudgehumanfactorsasrightorwrong，COrreCtOrincorrect．Rather，the

humanfactorsspecialistmerelyattemptstounderstandanddefinethesefactors，

Or human characteristics，SOthattheir strengths and weaknesses，and their

CaPal）ilitiesandlimitationsmightbetakenintoaccountwhendesignlngSyStemS

Wherepersonsaretobeanessentialcomponent．

2．2Human払Ctorsenglmeerlng

Human factors englneerlngisthe discipline dedicated to optimizing the

relationshipbetweenteclm0logy（SyStemhardwareandso丑ware）andthehuman

OperatOrOfvariousSyStemS．Anyman一maChinesystem canandshouldbethe

targetofhumanfactorsengineeringl2］．Humanfhctorsengineerdesignsthings

toprovidethe“bestmatch”betweensystemusercapabilitiesandlimitationsand

therelevantsystemhardwarecomponentsthatimposephysical，physiologiCal，
and／orpsychologicaldemandsonsuchusers．

2．3Ergomomics

ThetermsergonomicsandhumanfactorsareoRenusedsynonymously，Both

describetheinteractionbetweentheoperatorandtaskdernands，andbothare

COnCernedwithtrying to reduce unnecessary stress and resulting叫ury tO

perSOnSengagedinacertainactivityoroperatingcertaihequipment．Theterm

ergonomicsoriginatedasaEuropeantermwhilethetermhumanfactorsismore

O銃enusedintheUnitedStatesl3］．

3　Humanerror

Errors occurbothas random eventsandin situations where the design ofa

SyStem，aPrOCedure，Or Oftheintendedinteraction between a human and a
SyStemisfaultyinthatsuchinteractionmakeshumanactionspronetoerror．

Thusitisnotsu用cientjusttomakeageneralizedstatementabouthumanerrOr，
SuChastoerrorishuman，Withoutknowingthemechanismswhichareatwork

andwhichmayprovidesomeexplanationconcemlngerrOrSthatarecommitted，

Knowingthisinformationwill helpin the understandihg of errors andin

SuPPOrtingthedetection，diagnosisandcorrectionoferrors．

Sanders and McCormickl4］de丘ned human error as aninappropriate or

undesirablehumandecisionorbehaviourthatreducesorhasthepotentialfbr

reducing ef悔ctiveness，Safbty，Or SyStemPerformance．Twothings shouldbe

notedaboutthisde斤nition．First，anerrOrisde月nedintermsofitsundesirable
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ef稔ctorpotentialef臨ctonhumanPerformanceandsystemsoperations．Second，

an action does not have to resultindegraded system performance or an

undesirablee脆ctonpeopletobeconsideredanerror．Asaresultthedecisionor
actionhasthepotentialforadverseb，a飴ctingthesystemoperationsorhuman
performanCerforittobeconsideredanerror．

lmtheanalysisofhumanerrOrinindustrialplants，80to85％oftheerrorsthat

OCCurareattributablenottohumancharaCteristics，buttoerrorqlikelyconditions

l5］．Inthesesituations，PeOpleare“setup”fbrerrorbythesystemdesign・These

error－inducing situationsinclude de負cient procedures，POOr COmmunication，

inadequatetralnlng，misleadinginformation，andpoorequlPmentdesign・Many

Oftheseerrorsareentirelypreventable．Identifyingerrorlikelysituationsisa
伽ststeptowardminimlZlngOreliminatingerrors．

InaddressinghumanerrOrreduction，Wiener［6］StatesthattheBrststepin

errorreductionistoidentifytheerrors．IdentifyinghumanerrOrSisnotalwaysa
Straightforwardtask．Errorscanbeobviousbutaremoreoftensubtle・Thereare

Sixmethodsofidentifyingpotentialerrorsthathavebeenusedsuccessfu11yin
otherindustries・TheyincludebrainstormlnguslngrePreSentativesoftheareaof
interest；Criticalincident techniques；StruCtured walkthroughs or reviews of
Standards，prOCedures，OrSyStemS；SurVeySandquestionnaires；Observation；and

analysis of confidential reporting systemsl6］．Once potential errors are

ident摘ed，a risk assessment should be done to weigh the potential errors

accordingtotheirseverity．Thenextstepsineffbctiveerrormanagementareto
identifythecurrentdefbnces，eValuatetheefEbctivenessofthecurrentdefbnces，
andidentifyadditionaldefbncesneeded．Finally，ane脆ctivemechanismshould

beestablishedforreportingpotentialerrorsandaddressingthemoncetheyare
identi頁ed．

3．1HumanerrorviewedashtImannature

HumansareboundbyspecificimmateCharacteristics，Whicharenotsu句ectto

Sign摘cantchange，butdictatespec摘cbehaviourunderparticularcircumStanCeS・

Suchbehaviourmustbeconsideredaspartofhumannattueandnotmislabelled

ashumanerrOr．HumanerrOrmayreSultfromacombinationofhumannature，

randomerror，designinducedhumanerrOr，andtruehumanerror・

3．2　Humanerrorviewedasrandomerror

Truehuman errOrmuStbe distinguishedfrom random error・Random errors

committedbysystemoperatorsarenon－predictablebybothsystemdesignersand

operators・Anexampleofarandomerrorwouldbethereflexactionthatcausesa

wrong controlto be activated as a result ofan unexpected mosquito bite・
Random errors can alsoinvoIveimprobable but normalextremes ofhuman

variation・Forexample，eVenperSOnSWhoarewelltrainedandhaverepeatedly

usedawell－designedsystemwilloccasionallymakeinadvertenterrorsrelatedto

rareand unintended（andunCOntrOllable）variationsin required hand－eye
coordination．
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3．3HumancrrorviewedasdesigllinducedhumaneJ・rOr

AnaxiomofhumanfactorsenglneerlngStateSthat，”Howasystemisdesigned

will dictate howit can and will be used”．True human errOr muSt be

distinguished丘om designinduced human errOrWhere some（engineering or

adminlstrative）aspectofthesystemdesign（SuChasalackofsafttyftatures，the

PreSenCe Of reasonably anticIPated operator distraction or overload，Or the

PreS竺CeOfexcessiveorcontradictorysystemdemands）predisposessucherror；
thatlS，Wherethesystemoperatorissetuptomaketheerrorbysomedesign

aspectofthesystem・Sucherrors，iftheycanrightfu11ybecallederrorsatall，are

Predictableandthereforepreventablethroughre－design．

3．4　Truehumanerror

Truehumanerrorismostproperlydennedasanactionthatwouldnothavebeen

COmmitted（OranaCtion that would not have been omitted）by ordinary，

reasonably prudent persons under the same Or Similar circumstances，While

taking common human factorlimitationsinto account，and after eliminatlng
otherformSOfhumanerrOrfromconsideration．

Truehumanerrorcanonlybesaidtooccurwhenthesysteminwhichittakes

Placehasbeenwellengine？red（accordingtothebasicprinciplesandreasonable
application of safbtyenglneering and human factors engineering）and the

demandsimposedonadequatelytrainedsystemoperatorsarerealisticinrelation

tohumanfactor（humannature）capabilities andlimitationsofsuchpersons．

OnlyundersuchcircumstanCeSisthesystemoperatortrulyfreetochoosehisor
heractions．

Onemethodthatcanbeusefultodistinguishbetweentruehumanerrorand

Otherforms of alleged human errOris to ask this question：Ifa thousand

reasonablyprudentpersonswereplacedinthesameOrSimi1arcircumStanCeS，

WOuldasignifiCantnumbermakethesameorsimilarerror？lfso，Onelssearch

forcausationmustgobeyondtheapparentidenti貢cationofsimplehumanerrOr．

3．5PrimaryhumaJICrrOrandincidentaIhumanerror

Primary humanerrOrCanbethoughtofas errormade bythosewhohave a

Primaryassignedorspecialresponsibilityandthespecialexpertisetofocuson

thesu叫ectmatteroftheerror．Anincidentalhumanerror，incontrast，iserror

madeby those who have a secondary oroversightresponsibilityorlackthe

SPeCialexpertisetofocusonthesameissue．

3．6Slips，lapsesandmistakes

Themostcommontypesoferrorineverydaylifeareslipsandlapses．Theyare

usuallytreatedtogether，aStheyarepsychologicallyrelatedandoccurinthe

Same mentalmodes andfor similar reasons．1もey occur mainlyinskilled

behaviour，andexamplesincludeamisplacedaction，thewrongthingmovedor

Simplyfbrgettinganintendedaction［7］．
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Tbe difEbrence between slips andlapsesis that slips relate to observable

actions，aSSOCiatedwithattentionorperceptualfailures，Whereaslapsesaremore

intemalandgenerallyinvoIvefailureofmemoryl8］．Slipshavenothingtodo

Withthevalidityofthegoalssetup fbrtheparticularaction，theyaresimply

errorsc？mmittedwhentryingtoreachthatgoal，rightorwrong・Butwhenthe
goalislnitselfinappropriately chosen，the erroris classified as a mistake．

Mistakesoccurathighermentallevels（i．e．errorsofthought），andexamples

includemiqjudgingasituationormakingpoordecisionsl7］・Reasonl9］putsit

thisway：miStakesarelinkedtotheplannlngStage，lapsestostoragestageand
Slipstotheexecutionstage．

4IMOrequlrementSrelatingtohumanfhctoranalysis

In1997，theIMOAssemblyadoptedaResolutionthatindicatedastepchangein

itsapproachtomaritimesafbtybymoving倉omaregulatoryregimetothatofa

Safbtyculturewithastrongemphasisonthehumanelement．Amongitsgoalsthe

requlrementS areindicating to promote and communicate，through human

elementprinciples，amaritimesafttycultureandheightenedmarineenvironment

awarenessandtoprovidea録ameworktoencouragethedevelopmentofnon－

regulatorysolutionsandtheirassessment，baseduponhumanelementprlnCiples・

Thustoday，allIMOCommitteesareinstruCtedtoconsiderthehumanelement

WhendeveloplngneWOramendingexistlngPerfbrmanCeStandards・

Much ofthis change has been brought about by theJoint MSC／MEPC

Wofking Group on the Human Element．The Group hasalso been directly

inVoIvedinthedevelopmentoftheISMCode，theguidelinesonfatigue，andof

theHumanElementAnalysingProcess（HEAP）．HEAPisapracticalandnon－

SCientincchecklistto assistregulatorsin ensurlngthatallthehumanelement

aspectsrelatedtotheshipanditsequlPment，andthemasterandhiscrew，have

beentakenintoconsiderationwhenintroducingoramendingIMOinstruments．

TworecentupdatestoSOLASclearlydemonstrateIMO’schangeindirection

舟omaregulatoryregimetothatofasafetyculturewithastrongemphasisonthe

humanelement．ChapterI1－2（ConstruCtion－Fireprotection，firedetectionand

Greextinction）；PartEdealsexclusivelywithhumanelementmatters suchas

training，drillsandmaintenanceissues，andpartFsetsoutamethodologyfor

approvlng altemative designs and arrangements．Chapter V－15features the

decisionsthata飽ctbridgedesign，thedesignandarrangementOfnavigational
SyStemSandequlPmentOnthebridgeandbridgeprocedureS．BridgeResource

Management，information processlng and decision－making，WOfkload，human

error，fatigueanddistraction，tOgetherwithclarityofcontroIs，alarms，displays

andstatusindicationarealladdressed．Indeedinthelightofthedevelopmentof

ChapterV－15，thereis afeelingthatthe scope oftheregulations shouldbe

widened，tO enCOmPaSS eVerything that couldinnuence the watchkeeper’S

functiononthebridge．

The requlrementS Of the relevant TMO performance standards fbr the

ElectronicChartDisplayandInformationSystem（ECDIS），radar，Plottingaids，

AutomaticIdent摘cation System（AlS），Integrated Bridge System（IBS）and
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htegratedNavigationSystem（NS）havecausedserioushuman－SySteminterface

PrOblems，interms oftheintegration andpresentation ofnavigationrelated

informationonthebridge．Theseproblemsare，however，beingaddressedbythe

InternationalElectro－teChnicalCommission（IEC）onbehalfoftherMO．

5　Conclusions

TheimportanCe Ofknowledge shouldnotbe underestimated，butitmustbe

appliedtotherealworldatsomepoint，nditwouldbebene甫cialtogivethe

authoritiesandmarinerssomeguidelinesonhowthisknowledgecanbeused，
inSteadofprovidingtheoreticalmodels・

Accordingtothe UKP＆IClub，humanerrOrCOStSthe maritimeindustry

＄541m a yearl10］．Fromtheir ownarLalysis of6091m亘ior claims（over

＄100，000）spanningaperiodof15years，theClubhasestablishedthatthese

claimshavecosttheirmembers＄2．6bn，62％ofwhichisattributabletohuman

eTOr・Initslosspreventionwork，theClubisplacingamuchgreateremphasison
PlnPOinting root causesinrespect ofperSOnalirtjuryand otherincidents，It
recognises thatinvestigators ottenidentifythe persons most responsiblefor

incidents（active failures）without uncoveringthe underlying factors（latent
hilures）．

WhilethehumanfactorissuesarediscusSedamOngthestakeholdersofthe
maritimeindustry，SeVeralde丘扇tionsareusedtode航netheaspectsofhuman

interactingwithashipandherequipment．Inthisrespect，itmightbeusefulto
analyzethetruemeaningofdehitionsandthis studyproposestheliterature
SurVeyforthetruemeanlngOfde甫nitionsthatcaneasilybeappliedby ship

managementcompanieswhileestablishingtheirshipperformanceanalysisbased

On human factors engineering．Onthe other hand，this paper proposes a

taxonomy fbr Administrationsand ship management companies to sort their

Obtaineddataandevaluatetherightclassincationoferrorstotakerelevantpror

active measuresinorder to prevent re－00m汀℃nCeS Ofnonconformities and

de甫ciencies．
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