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AbstracLTraditionalinstructionalpracticesdevelopedaroundearlynavigationtechnologleS，OreVen

the more current methodologies conformlng tO the Standardsfor Training，Cert摘cation，and

Watchstanding（STCW），maybeunintentionallyleadingmaritimeschoolgraduatestomakemistakes

thatcauseaccidents．OfGcialinvestigationsintomarineaccidents concludethatevenifthewatch

0位cer，maSterOrPilothasbeenassessedascompetentintheuseofthelatestnavlgationalequlPment，

theymaystillhavefailedtounderstandhowtousethattechnologyinthecontextofbridgeteam

management．Thepurposeofthispaperis toexamine，inprogression，theresultsoffburstudies

CarriedoutinthebridgesimulatorsattheCalifomiaMaritimeAcademy．Specincally，trendswillbe

identi茄edin student watchstanding performance，intheir perceptions ofthe value ofthe new

navigationaltechnology；inhowe脆ctivetheyareinuslngtheequlPment，andinhowtheyviewthe

adequacyofexistingtrainingreglmenS．Thispapershouldserve toprovideguidancetomaritime
educatorsindeveloplnge飴ctiveteachingtechniquesthatsupporttherecentlyadoptedInternational
MaritimeOrganization’se－Navigationconcept・

The data suggest that partlCIPantS understand theimportance offbrmalized trainingln mOdem

navlgationaltechnologleSandoverwhelminglypreftrthatinstructionbeaccomplishedthroughtheuse

Ofsimulationthatisintroduced much ear1ierinto their program．This suggests a new training

Paradigm．

INTRODUCTION

MaritimeinstruCtionalpedagogleSdevelopedaroundearlytwentiethcenturynavlgationtechnologleSStill

are beingusedtoday．Even the currentmethods usedintheinstruCtion andassessments ofSTCW

COmPetenCiesarebasedlargelyonthetraditionalteachingparadigm．Itisthisreluctancetochange，for

Whateverreason，thatunintentionallymaybeleadingmaritimeschoolgraduatestomakemistakesthat

Can CauSe grOundings or collisions．Infact，there are alarmlngindications thatthe rate ofmaritime

CaSualtiesresulting倉omnavigationalerrorsmaybeincreaslnglnSPiteofthewidespreadintroductionof

advancedsystemslikeECDISandAlSl19］．

UntilveryrecentlyitwascommontonavigateavesseluslngOnlycelestialnavlgation，VisualbearlngS，

andunsophisticatedradars．Bridge－tO－Bridgecommunications，untiltheadventofradio，Weremainlyby

Whistle slgnals or nashinglight；eVen VHF communications could befraughtwith dangerous

misunderstandings．Improvementstothose technologleS Were Slowin comlng andthe changeswere

irltrOducedonlyincrementally．TodayweareeruoylnganeXPOnentialincreaseinboththecapabilitiesand

availabilitiesofnewtechnologleSintendedforuseaboardcommercialvessels．Somem往IOrinnovations

includeinstantaneous，WOrld－Wide communications throughthe use oftele－COmmunication satellites，

SOphisticatedradarunitsthatarecapableofsuperimposlngVeSSelident漬Cationslgnalsandchartoverlays

Ontheradarscreen，andintegratednavigationsystemsuslngelectroniccharttechnologleS．

Coincidentwith（maybeevenasaresultof）thistechnologicalrevolutionisthechangingnatureofthe

typicalmaritimeuniversitystudent．Thestudentsarrivingoncampusestodayareverycomfbrtablewith

thelatestelectronicdevices．Theyhavegrownupwithcomputers，Cellphones，andvideogamesandseem

toadaptveryeasilytotheconstanttechnologlCalchangesthataretakingplacearoundthem．Sometimesit

appearsthattheyaremorecomfbrtableoperatinglnandlearnlng丘omavirtualworldthantherealworld
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［4］・Consideringtheseongoing，eXPOnentialchangesintechnologyandtheassociatedmodificationsto

theskillsetsandleam1ngPrefbrencesofcontemporarymaritimestudents，theauthorsassertthatnowis

thetimetoinstituteaparadigmshi免inteachingpedagogythatwi11maximizetheutilityofthesenew

technologleSforthebeneRtofourstudentsandtheindustrylnWhichtheywillserve・

Giventhisbackground，thepurposeofthispaperistoexaminetheprogressionoffourrecentstudiesthat

haveconsideredtheemcacyofearlyintroductionofthelatestnavigationaltechnologleSintotraditional

maritimetrainingprograms．Spec摘callythispaperwillidentifytrendsinstudentperfbrmanceswithand

withoutthetechnology，itwillidentifytheirperceptionsastothevalueofthetechnology，qnditwill

identifyhowtheyaremakingusetheequipment・Thelasttwostudieswereinspiredbytherecent（2008）

COmPletionoftheCalifomiaMaritimeAcademy’sSimulationCenter．Thesimulatorscontainedtherein

arestate－Of－the－artandwereinstrumentalinthedevelopmentofthesalientideasfbaturedinthisstudy．

TheauthorshopethatthispaperwillservetOPrOVideasenseofdirectiontomaritimeeducatorsasthey

attempttodesignmoree飴ctivetrainingreglmenSinkeeplngWiththerecentlyadoptedInternational

MaritimeOrganization’se－Navigationconcept．

1．LITERATURE

Thevariousstudiesthatarebeingreviewedinthispaper，Whiletheyallhavesomecharacteristicsin

COmmOn，haveeachexamineddi飴rentaspectsoflearnlngtheory．Accordingly，thissectionwillinclude
anoverviewoftheeducationalliteratureinvoIved．

1．1．UsingsimulationasalcarnlngtOOI

Theuseofbridgesimulationstoevaluatehumanfactorsinthemarineenvironmentisawellestablished

practicel14，21，23］andprovidesmanybenefitsoverthereal－WOrldenvironmentl22］・Accordingto

HertelandMillisl9］，Simulation canbeanef托ctive pedagogicalmethodto（a）transfもr discipline－

knowledge，（b）develop skills and（C）apply bothknowledge qnd skills・In fact，reSearChers have
determinedthatstudentsaremoremotivatedtolearnteChnicalmaterialwhentheyseethereaトworld

applicationofthesuqectl27］．Studentperceptionofthereal－WOrldbene重tsofcoursematerialresultsina

highermotivation．Ahighermotivationtolearncanleadtoanincreaseinabilityinthesu旬ectareal16］．

1．2．ImplicitandExplicitLearnlng

TherequirementforskillmasteryfbrOfncerJn－ChargeofaNavigationalWatch（0ICNW）issetbythe

IntemationalMaritime Organization（IMO）Standards ofTraining，Cert捕cation and Watchkeeping

（STCW）standards．Althougheachmaritimetrainingfacilitystructuresitsindividualcurriculumto舘

SPeCi丘cneeds，thecommonpedagogyofaclassroomteachingprocessfollowedbyapractice－based

leamlng eXPerience with a renection periodis normally used・Research suggests that this process

improvesuponclassroomeducationbymakingthepatticipantsmoreawareofthedifEbretlCeSbetween

theirbelie臨andtheiractionsl13，17］．Thisprocesstakesthestudent録omapurelyexplicitleaming

experiencetoamoreimplicitleam1ngenvironment・

Although the distinction between explicit（active）andimplicit（passive）learning has been widely

acknowledged，thecomplexinteractionbetweenthetwohasnotbeenwidelyrecognized［25］・Recent

researchhasquestionedthebasicassumpt10nthatthelearnlngOfamotorskillmustfbllowthestandard

practiceofmovingfromexplicittoimplicit［18］．Thereissomeevidencethatbothexplicitandimplicit

knowledgeareusefulinproducingarequiredskillbehavior・Specincally，theresearchbyWillingham＆

Goedert－Eschmann［29］suggests that explicitleaming supports and governS behavior until the

Simultaneouslyacquiredimplicitknowledgeissufncienttosupportthebehavioronitsown・Theresults

OfastudybyTaylor＆Chi［26］suggestthatsimulationhasthepotentialtoenhanceimplicitlearning．A

Study by Bird，Osman，Saggerson，and Hayesll］suggests that observationalleamingis explicit．
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Educatorsmustevaluatehowtooperationalizethedi脆rencesbetweenexplicitandimplicitleamlngtO

Standardeducationalmodels．Thespecincmodelthatwillbeconsideredhereistheconstructivistmodel・

1．3．BridgeTeamManagementanderrortrapplng

Automationchangesthetaskitwasmeanttosupport；itcreatesnewerrorpathways，Shittsconsequences

Oferrorfurtherintothefutureanddelaysopportunitiesforerrordetectionandrecoveryl12］．Maritime

instruCtOrSShouldunderstandthatthelogicalformalizationoftheship’snavigationalprocessisofgreat

importanceforeducationinmaritimenavigationl11］・Therefore，boththetechnicalknOwledgeofthe

equlPmentaSWellasknowledgeofitsroleinbridgeteammanagementandbridgeresourcemanagement

isvitaltovesselsafbtyandthesafbtyofthemarineenvironment・

United States Coast Guard data show that maritime accidents，SuCh■aS grOundings and collisions，

SigniBcantlydecreasedduringarecentfiveyearperiodl28］．Hetherington，Flin＆MearnSl10］have

attributedthisreductiontoenhancednavigationtechnology．However，theseresultsarenotconsistent

Withintemational坑ndingsl19］．Regardless，Whatistrueisthatdespitetheuseoftechnology，maritime

accidentsstilldooccurandhumanfactorsplayanimportantrole．

Themaritimecommunityhasfollowedtheairlineindustryindevelopingamethodologyforpreventing

CaSualties．Thismethodologyisknownasbridgeresourcemanagement（BRM）．AccordingtoSwiftl24］，

OnefunctionofeffbctiveBRM，istheinterpretationandassimilationofinformationobtainedbytheuse

Ofmodemelectronicsystems（e．g．，ECDIS）．Theaccuracyandreliabilityofelectronicnavigationsystems

mustbe’’cross－Checked”bycomparlngthepositionsderivedbytwoindependentsystemssuchasGPS

andradar・Anambiguityinthepositionswouldindicatethatanerrorchainisdevelopingandthebridge

team shouldreactin orderto breakthedevelopingerrorchain．The process ofidentifying errorsis

COmmOnlyknownas“errortrapplng．”

Studies by Gonin，Dowd and Alexanderl8］suggest that ECDIS provides equivalent or greater

navigationalsafetythanpaperchartsandatthe sametimereducesthenavigationworkload．Intheir

Studies，CrOSS－traCkerrorwastheprlmarymeaSureOfnavlgationalaccuracy．Thisstudyreportedthatthe

meancross－traCkerrorformarinersnavigatinguslngECDISwasapproximatelyonethirdofthatfor

marinerswithoutECDISwhousedpaperchartsandmoretraditionalnavigationmethods．Exitinterviews

inthestudyrevealedthatmarinersfbltthatECDIScontributestosafbnavigation．These重ndingswere

COnSistentwiththoseofDonderietal［7］．

2．METHODOLOGY

Recentliteraturedoesnotcontain manyexamples ofspec泊Cresearchthatinvestigated pedagoglCal

approachestonavigationalinStructionwithmodemteChnologleS．Thismaybeduetothefactthatthe

greatlyexpandedcapabilitiesofsimulationtechnologieshaveonlyrecentlybeenintroducedandhaveyet

tobefullyexploited．

Atotaloffburstudieswi11be reviewedforthispaper．Thenrst studywas conductedin Califomia

MaritimeAcademy’soriginalful1－missionsimulator（dismantledinlate2008）．Thenextthreestudies

utilizedone ofthreefu11－missionoreightpart－taSksimulatorsinthenew SimulatorCenteratCMA．

Although statistically slgni重cant results were fbw，allfour studies showed readilyident摘able and

COnSistenttrends．

2．1．HumanFactors－PerfbrmanceandPerceptions

The丘rststudy，byBuckleyandPecotal3］，WaSCarriedoutduringOctoberandNovemberof2007．

Studentsin the advanced simulation course，DL420　Watchstanding Simulation，VOlunteered to

Participate．ParticipantSinthisstudy，allseniors，COnSistedofacensusofallenrolledcadetsatCMAwho

aretakingthebridgesimulationcourse（n＝47）・Theparticipantsmetallprerequisitesforthecourseand
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hadpreviouslytakena35－hourECDIScourse・Thispilotstudyutilizedthelasttwoscenariosofthenine－

SCenariocourse・Theparticipantschosetheteamthattheywereinfortheentirecourseandthatdidnot

Changeduringthestudy・Intotal，tWelvesectionsparticipatedintwodiffbrentscenarios．

ThenrstscenariousedwasScenario8inwhichthestudentteamisrequiredtonavigateacontainership

fromtheSanFranciscoMainShipChanneltoaspecinedanchoragepositioninSanFranciscoAnchorage

No・8・ApproximatelyhalfoftheteamswererandomlyselectedtohaveaccesstoECDISforScenario8．

TheremainderoftheteamsdidnothaveaccesstoECDISduringthescenario・

ThesecondscenariousedwasScenario9inwhichthestudentteamisrequiredtonavlgateatankerfrom

theBlighReeflightthroughtheValdezNarrowsinAlaska・Each scenariotakes approximately90

minutes to complete and，OnCe Started，is runwithoutinterruption・Each teamwas glVenthe same

Standingordersandhadoneweektodevelopadetailedvoyageplanforeachtransit．ForScenario9，those

teamsthatdidnothaveaccesstoECDISduringScenario8wereglVenaCCeSSandthoseteamsthatdid

haveaccessduringScenario8weredeniedaccess．

Duringbothscenarios，thecourseinstructorusedadatasheettorecordmeasurementsatpredetermined

POintsduringtheexercise・Thesemeasurementsprovidedthesourceforthequantitativedatawhichhave

beenreportedelsewherel3］・Aftereachexercise，duringthedebrie丘ngperiod，Participantsweregivena

Surveythatelicitedresponsesabouttheperformanceofhis／hergroupaswellashisnlerOPlnlOnSaStOthe

effbctsofhaving，OrnOthaving，uSeOfECDISduringthesimulation・Thesurveyinstrumentconsistedof

a series of且ve－POintLikert－typeperCePtion statements aboutwhichthe participants were askedto

indicatetheleveltowhichtheyagreedordisagreedwiththatstatement（1－StronglyDisagree，2－Disagree，

3－Neutral，4－Agree，5－StronglyAgree）．

Theprimaryresearchhypothesis（nullhypothesis）testedforallsurveyqueStionsinthisstudywasthat

thereisnodifEbrencebetweentheperceptionsofparticipantshavingaccesstoECDISandthosewithoIJt

accesstoECDIS．

Afollow－uPtOthis studywasconductedinApri12008uslngJuniorMarineTranSPOrtationstudents

enrolledconcurrentlyinthecoursesDL320IntroductiontoBridgeSimulationandNAU335ECDIS．DL

320Scenario2uTheMine重eldMwasselectedforuseinthispartofthestudy・Navigationalperformance

Of茄fteenstudentsectionswereexamined坑rstwithouttheuseofECDISandthenwiththeuseofECDIS．

Performance was based on measurement ofcross track error and o仔・COurSe meaSurementS at Certain

POintsthroughoutthescenari0・Thisstudyproducedthemoststatisticallyslgnincantquantitativeresults

Ofallthestudyexperiments．

2・2．NavigationStudy

The second study，CarriedoutBuckley andPecota［6］duringthe fallsemesterof2008，COnSidered

di脆rent pedagogical methodsfor teaching navigation．All volunteer participants（n＝21）were

SOPhomoresregisteredintheirnrstnavigationcourse．Theexercisestheyparticipatedinforthisstudy

eachtookplace a氏erthey had且rst coveredthe materialinClasswith theircourseinstructor．（The

navigationinstructorwasnotprlVytOinfbrmationaboutthestudyotherthanthatitwasbeingconducted・

TheinstructorhadnoknOwledgeofwhichofhisstudentswereresearchparticipantS．）Thepurposeofthis

Studywastoexaminetheefftct，ifany，OnParticipantlearnlngandunderstandingderivedfromadding

Simulation，Withadvancedelectronicnavigationcapability，intoabasicnavigationclass．During this

Study，PartlCIPantSWeredividedbetweenthreeseparatetreatmentgroups；traditionalnavigationlab，nOn－

traditionalnavigationlab，and navigationlab utilizingfu11－mission bridge simulators．Each ofthe

treatmentgroupsdidthesameexerciseinthesametimeperiodandtheparticipantsallcompletedthepre－

andpost－teStforeachstudyexperiment・Aspartofthepost－eXerCisesurvey，Participantsinallexperiments

COmPletedaqualitativequestionnairedesignedonasevenrpointLikert－typerange．Theprimaryresearch
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hypothesis（nullhypothesis）tobetestedfbrallquestionswasthatthereisnodi飴rencebetweenthe

treatmentgroups．Thestudyalsolookedattheextenttowhichimplicitandexplicitleam1ngtOOkplace・

Inthe丘rststudyexperiment，partlCIPantSWereaSkedtopIotfixesuslngVisualbearlngSat20－minute

intervalsandthenanswerrelevantquestionsaboutthosenxes・Duringthisexperiment，Participantswere

dividedbetweenthreeseparatetreatmentgroups；traditionalnavigationlab，nOn－traditionalnavigation

lab，andnavlgationlabutilizingfu11－missionbridgesimulators・Thetraditionalnavigationlabconsistedof

thestandardpaperplotthathasbeenthepracticeinthecourse．Thenon－traditionallabconsistedofthe

Standardpaperplotalongwithsomeobservationalleam1ngintheformofscreen－CaptureShotsofboththe

radarandECDISatappropriatetimeintervals・Finally，thefu11－mission simulatorswere usedforthe

experiments．Each ofthe treatment groups did the same exercisein the same time period and the

Participantsallcompletedthepre－teSt，POSt－teSt，andsurveyforeachstudyexperiment．

Inthesecondstudyexperiment，ParticipantSWeaSkedtoplot重XesuslngVariouscombinationsofvisual

bearlngS，radarbearlngSOrradarrangesat12－minuteintervalsandanswerrelevantquestionsaboutthose

nxes．Duringthesecondexperiment，partlCIPantSWeredividedbetweentwoseparatetreatments；nOn－

traditionalnavigationlabandnavigationlabutilizingfu11－missionbridgesimulators．

Finally，inthethirdexperiment，Participantswereaskedtoplot重XeS，uSlngaCOmbinationoftechniques，andto

determinethesetanddriftofthecurrent．Theythencalculatedthenewcoursetosteertocorrectfbrthat

Current．Duringthethirdexperiment，allparticipantswereutilizingthefu11－missionbridgesimulators．

2．3．RulesShdy

Thethirdstudy，alsocarriedoutbyBuckleyandPecotal5］duringthefallsemesterof2008，COnSidered

di脆rentpedagogicalmethodsfbrteachingRulesoftheRoad．AllvolunteerParticipants（n＝16）were

SOPhomoresregisteredintheRulesoftheRoadcourseNAU305．Thiscourse，Whichistheonlyformal

COurSeOntheIntemationalRegulationsforPreventlngCollisionsatSeaintheMarineTransportation

Curriculum，introducesstudentstothebasicsoftheresponsibilitiesofshipsinmaneuverlngSituations．

Thepopulationforthisexperimentwasacensusofallenro11edcadetsatCMAwhoweretakingtheRules

COurSeduringthefa11Semesterof2008（N＝95）・Alltheparticipantsmettheprerequisitesforthecourse

andsomewereenrolledconcurrentlyinaradarcourse．

As with the Navigation study，the research experiments fbr this study each took place afterthe

ParticipantshadnrstcoveredtherequisitematerialinclasswiththeircourseinstruCtOr．Duringthisstudy，

Participantsweredividedbetweenthreeseparatetreatmentgroups；traditionallab，andalabutilizinga

fu11－missionsimulator，andalabuslngParttaSksimulators．Eachofthetreatmentgroupsdidthesame

exerciseinthesametimeperiodandtheparticipantsallcompletedthepre－teStandpost－teStforeach

Study experiment・As part ofthe post－eXerCise survey，Participantsin allexperiments completed a

qualitativequestionnairedesignedonaseven－POintLikert－typerange．Theprimaryresearchhypothesis

（nullhypothesis）testedforallquestionswerethatthereisnodiffbrencebetweenthetreatmentgroups．

ThestudyalsolookedattheextenttowhichimplicitandexplicitlearnlngtOOkplace・

lnall，threeseparatestudyexperimentsweredeveloped・Inthenrststudyexperiment，PartlCIPantSWere

askedtomakecollisionavoidancedecisionsineachofthreescenariosinvoIvingthesteerlngandsailing

rulesconcemlngthemeeting，OVertakingandcrosslngSituations・Duringthisexperiment，partlCIPantS

Were divided between three separate treatment groups；traditionalruleslecture，fu11－mission bridge

Simulatorandparttask（IBEST）simulators．Thetraditionalruleslectureconsistedofadiscussionofthe

practicalapplicationsofRules13，14，and15uslngananimated PowerPointpresentation・Thefu11－

mission andIBEST simulators were used to allow some participants to maneuver their vesselsfor

COllisionavoidancebyapplyingRules13，14，and15asapproprlate・AllpartlCIPantSCOmpletedthepre－

and post－teStfor each study experiment・As part ofthe post－eXerCise survey，participantsin all

experiments completed a qualitative questionnaire designed on a seven－POint Likert－type range．
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Participants were asked toindicatethe extentto whichthey either agreed or disagreed with each

perceptualstatement．

Inthesecondstudyexperiment，ParticipantsinthetraditionaltreatmentwereglVenaPowerPointlecture

and subsequentdiscussion on the application ofRule19，COnductofvesselin restrictedvisibility．

Participants uslng the simulators were again divided between two separate treatments，fu11－mission

SimulatorandIBESTsimulators・Thesimulationgroupsagainhadthreeseparatescenariostodealwith

involvingavesselforwardofthebeam，abaftthebeamandlastly，nOdetectablevesselatallontheradar．

Pre－andpost－teStSWereadministeredtoallparticipantsaswellaspost－eXerCisesurveyS・

Ⅰnthethirdexperiment，allparticipantswereplacedintheeitherthefu11－missionsimulatororIBEST

Simulators・In the nrst scenario，Participants’vessels were stationary at nightin open waters．No

maneuveringwasrequired．Participantswereaskedtoidentifytherulessituationandident靖Cationof

Various passlng VeSSels by observlng their runnlnglights・In the second scenario，also at night，

ParticipantswererequiredtonavigatetheirvesselssafblypastothertargetvesselsinNewYorkharbor

fromTheBatteryoutboundtotheVerrazanoNarrows・Asintheprevioustwosessions，Pre－teStS，POSt－

tests，andpost－eXPerimentsurveySWereadministered．

2．4．Error－TrapplngStudy

Thefourthstudy，byBrowneandBuckleyl2］wasalsocarriedoutduringthefallsemesterof2008，

investigated the extentto which bridge teams could successfullyidentifyand trap errors thatwere

introducedintotheirECDIS・Allvolunteerparticipants（n＝52）wereseniorsregisteredinDL420Bridge

WatchstandingSimulation．Duringthestudy，thethirteensections（4peoplepersection）participatedin

fourdifRrentsimulationscenarios．Thisstudyutilizedthe坑nalfourscenariosofthenine－SCenariocourse．

Inthe丘rstfivescenariosofthecourse，PrlOrtOthecommencementofthecurrentstudy，thewatchteams

WeredeniedtheuseofECDISandGPSfbrnavigation．Instead，theyhadtorelyonthemoretraditional

navigationtechniquesofvisualandradarPilotingtonxtheirposition．FortheRnalfourscenarios，the

OneSeXaminedinthisexperiment，thestudentswereallowedtouseECDISandGPSfornavigation。Half

Oftheteams had eitheragyro oraGPS errorintroducedintotheirECDIS．The prlmary reSearCh

hypothesis（nullhypothesis）tobetestedforallquestionsisthatthereisnodiffbrenceinperformance
betweentheteamswithnoerrorandthosewithanerror．

Priortothecommencementofthe坑rstscenarioofthestudy，theparticipantswereremindedbytheir

instructorsthattheyshouldnotabandonthetraditionalmethodsofposition坑Xingbecauseelectronicaids

tonavigationcanbesu切ecttofailureanderrors・TheprlnCiplesofnavigationcross－Checkingwerealso

reviewed．Theparticipantswerenottoldbeforehandthepurposeofthestudy．Theywerenotawarethat

equlPmenterrOrSWeregOlngtObepurposelyinducedforsometeamsattimespreviouslyselectedbythe
researchers．

The且rstscenariousedinthestudywasScenario60fthecourseinwhichtheteamswererequiredto

navigateatankerinballast丘omapositionabeamEastBrotherIslandintheSanFranciscoBaytothe

GoldenGateBridge，Outboundforsea．InScenario7，WhichisalsosetinSanFranCiscoBay，theteamswere

requiredtonavigateatanker丘omtheRichmondLongWharfoutboundforsea．InScenario8theteams

WeretaSkedtonavigateacontainershipfromtheSanFranciscoMainShipChanneltoaspecifiedanchorage

POSitioninSanFranciscoAnchorageNo・8・Scenario9，the重nalscenari00fthecourseandthestudy，

requiredtheteamstonavigateatanker舟omtheBlighReeflightthroughtheValdezNarrowsinAlaska．

NoequlPmenterrOrSWereimposedduringScenario6・Fortheremainlngthreescenariosapproximately

halfofthe teams were randomly selectedto receiveinduced equlPmenterrOrS While the otherhalf

receivednoerrors・Ofthoseteamsthatreceivederrorsatapre－designatedpolnt，aPprOXimatelyhalfofthe

teams，randomlyselected，reCeivedaGPSo蝕eterror，inwhichtheaccuracyoftheGPSpositionlnPuttO

theECDISwas slowlydegradeduntilapositionerrorofO．3nmwas reached．TheremalnlngteamS
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receivedagyrocompasserrorinwhichthevessel，sheadinglnPutWaSSlowlydegradeduntilaheading

errorof60degreeswasreached．

Priortothecommencementofthescenarios，thepartlCIPantSenteredtheirpre－COmPutedvoyageplaninto

thebridgesimulatorTransasECDISwithapresetcrosstrackerror（XTE）limitofO．lnm．Theteams

WereinstructedtostqyascIoseaspossibletotheplannedtrackandthatiftheyshoulddepart丘omthe

PlannedXTElimits，theyshouldretumwithinthelimitsassoonaspossible．

Foreachteam，datawere collectedonthenumberoftimesthevesseldepartedtheXTElimits，the

distancetheXTEwasexceeded（innauticalmiles）andthelengthoftimethevesselwasoutsidethelimits

（inminutes）．Forscenarios7，8and9，thedatawererecordedbrthe30minuteperiodpriortothepointin

thescenariothattheerrorwasplannedtobeintroducedtosomeofthewatchteams，andforthe30

minutesfollowlngtheerror・ForScenario6，becausenoteamsreceived－errors，thedatawerecollected

OVertWOCOnSeCutive30minuteblocksoftimeduringtheexercise．

3．RESULTS

3．1．HllmanFactors－PerfbrmanceandPerceptions

ThisexperimentwasanimportantnrststeplnunderstandingthecomplexitiesofintegratlngECDISinto

bridgeteammanagement．Priortoconductlngthisstudy，WeeXPeCtedthattheparticipantswithaccessto

ECDISwouldhavetheperceptionthattheyhadbettersituationalawareness，taSkpr10ritization，mOre

COn重dence，improvedvesselhandlingandbetteroverallteamPerfbmanCethanthoseteamswithout

accesstothetechnology．ItwasalsoexpectedthattheparticipantswithoutaccesstoECDISwouldhave

theperceptionthathadtheyhadaccesstoECDIStheirperformanCeinthoseareaswouldhaveimproved・

Ingeneral，thedataa餌rmedthoseexpectationswithseveralbeingstatisticallyslgnincant．These且ndings

WereCOnSistentwithDonderietal．［7］，Smithetal．［22］andGoninetal．［8］．

Inboththeorlglnalexperimentandthefo1lowLOneXPeriment，naVigationalperformanceofthegroups

uslngECDISwasgenerallybetterthanthosewhowerenotallowedtouseECDIS．InScenario80fthe

茄rstexperiment，forexample，anChoringaccuracywasmarkedlyimproved（SeeFig．1）．Inthefo11ow－On

experiment，theteamsuslngECDISshowedsignificantlyreducedcrosstrackerrors，fewergroundings

andcollisions，andgeneraliyimprovedsituationalawareness（SeeFig．2）．

Fig．1．Scenario8．AnchoringAccuracy
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Fig．2．CrossTrackErrorfromCenterline（Northbound）

TheresultsofthequalitativesurveySadministeredinboththeorlglnalexperimentandthefollow－On

experimentshowedthatparticipantperceptionsoftheiroverallperformanCeWithECDIStobemuch

betterthanwhenwithoutECDIS．Thequantitativedata，however，didnotshowsuchastrongcorrelation

ineverycase．Inessence，theuseofECDISdidnothelptheirperformanCeaSmuChastheythought・One

reasonforthis，andperhapsthemostimportantdiscoverytocomeoutoftheseexperiments，WaSthatthe

Participants，implementationofECDISwasunevenatbest，detrimentalatworst・Thereseemedtobea

uniformlackofprotocolormethodintheparticipantS，utilizationofthisrelativelynewnavigational

device・This somewhat surprlSlngreSultledthe authorstothe conclusionthatexistingnavigational

trainingprogramsmayneedtobecompletelyrevisedtoteachmaritimestudentstheproperuseofthese

advancedtechnologleS．

3．2．NavigationStudy

OneofthemanyO切ectivesofthisstudywastodetermineiftheparticipantscouldleamSOmethingabout

radarandECDISimplicitlythroughuseofthesimulatorinbasicnavigationexercises・Asexpected，

implicitleamlngdidtakeplace，butlessimplicitleamlngtOOkplaceinthetraditionallabthaninany

Other treatment・Although the diffbrences were not statistically slgnincantthe trend was clear and

COnSistent・Theparticipantsinthenon－traditionallabsdidhaveanincreaseinimplicitleamlngthatmay

be attributabletothe screen－CaPture Shots，butinterestingly，theirperceptionwasthatthey didnot・

Observationleaming，aSBird，Osman，Saggerson，＆Heyesl1］suggest，mayengagethesamelearning

PrOCeSSaSPhysicalpracticeoftheobservedactionsbutthe重ndingsinthestudyareinconclusive・

Theparticipantsinalloftheexperimentgroupsfbltthattheclassroomlessonswereeasilytranslatedto

thesimulators．However，eaChofthethreestudyexperimentscovereddifEbrentsubjectsandtherewere

diffbrences，SOmeStatisticallysign捕Cant，inthestrengthoftheparticipants’臨elingsdependingonthe

Subject．ThiswouldsuggestthatitmaynotbeapproprlatetOteaChallsubjectsinthesimulator・Thereis

evidencetosuggestthatbyuslngObservationallearnlngteChniquesandbridgesimulatorsinprofessional

COurSeSthattraditionallyhavenotusedthesemethodsthereisanopportunitytotakeadvantageoもand

maximize，bothexplicitandimplicitleam1ng・WhenthequantitativedataiscombinedwithpartlCIPant

PerCePtionsandwrittencommentstheyfbrmaprettyconvincingpicture・

Themoststatisticallyslgnincantinfbrmationtocomeoutofthisstudyistheverystrongopln10nby

nearlyallparticipantsthatsimulationandtheearlyintroductionofECDISandradar，intheireducation
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areveryhighlyvalued．Innearlyeverycaseonthepostsimulationquestionnaire，WhenaskedifECDIS
andradarhelpedparticipantSintheirnavigation，theoverwhelmingresponsewaspositive・

3．3．RulesStudy

Aswiththe parallelnavigation studydiscussedabove，this study soughttodeterminethe extentof

participants，implicitlearnlngOfradarandECDISthroughtheuseofsimulationinaRulesoftheRoad

exercise・Thestudywasalsomeanttoinvestigatethee脆ctivenessofsimulationtraininginRulesofthe

Roadinstructionandthosearethestudyresultspresentedhere．

Inthefirstexperiment，thepartlCIPantSinthesimulationgroupswereaskedtomaneuvertheirvesselin

meeting，CrOSSlngandovertakingsituationsbasedontheirknowledgeoftheRules・Althoughallthe

ParticipantshadjustcoveredRules13，14，and15intheirclassandtakenanexamonthesu句ect，their
abilitytotranslatethoserulesto the practicalsituationspresentedinthe simulatorwas poor・When
PreSentedwithaHead－OnSituationonthehighseas，mOreParticipantschosetoturnleft（inviolationof

Rule14）thantumedright．Similarly，Whenfacedwithavesselcrossingfromstarboardtoport，SOme

Participantschosetospeeduportumleft，inviolationofRule15・Whenaskedlaterbytheresearchersif

theyknewwhatthoserulesrequiredinthosesituations，theparticipantsansweredcorrectly；theysimply

didnotchoosethecorrectactionwhenfacedwitharealisticsituationandlimitedtimetomakeadecision．

Thisseemstosuggestadisconnectbetweentheirtheoreticallearnlngandthepracticalapplicationofthat

bowledge．

InthesecondexperimentinvoIvingRule19andrestrictedvisibility，theperformanceoftheparticipants

inthesimulatorwassomewhatbetter．Atleastone－halfoftheparticipantsweretakingtheradarclass

COnCurrently，andmostofthemwereabletoapplyRule19correctlyduringanencounterwithaslngle

radarcontactinvolvingriskofcollision．Ⅰnterestinglythough，inthethirdscenario，theparticipantswere

toldthatthelookoutreportedhearlngafogslgnalahead・Therewasnoactualcontactvisibleontheradar

SCOPeinthiscase．Theproperresponsetothis situationwastotake allwayoffbutnotoneofthe

Participantsdidso．Again，thissuggestadisconnectbetweentheirtheoreticallearnlngandthepractical

applicationofthatknowledge．

Thelastexperimentwasperhapsthemostinteresting．Inthe丘rstpart，Participantswereaskedtoidentify

thelightsofvesselspasslngClosetotheirvesselwhichwasdeadinthewater・Inaddition，participants

WereaSkedwhattheirobligationundertheRuleswouldhavebeeniftheirvesselhadbeenmakingway．

Almost all the partlCIPantS anSWered correctly both thelight十reCOgnlt10n queStions and either the

Steerlng－and－Sailing or Responsibilities－between－Vessels questions，The second part of thelast

experimentplacedeachparticipantonasmalltankeratnightinNewYorkHarbor．Thestartingpointwas

abeamTheBatteryonLowerManhattan；theendpointwastheVerrazanoNarrows．Alleightparticipants

SuCCeSSfully navigated theirvesseloutbound uslng radar，ECDIS and visualmeans．There were no

PrOblemsduringcloseencounterswithseveralothertargetvessels．AllparticipantsadheredtotheRules

andtherewerenonearcollisionsorgroundings．

Examination of the survey questions after each experiment showed an overwhelmingly positive

participantappreciationfortheuseofsimulationinRulesoftheRoadtrainlng．SomeofthepartlCIPant’S

Writtencommentsindicatedastrongbeliefthatevenovertherelativelyshortdurationofthisstudy，their

knowledgeinRules－Of－the－Roadapplicationwasgreatlyenhanced．

3．4．Error－TrapplngStudy

Eachofthescenariosinthis studydi脆redsign漬cantly．Asaresult，itwasnotpossibletocompare

Perfbrmancesbetweenthescenarios．WithineachscenarioitwaspossibletolookatthedifEbrencein

Performancebetweenteamsthatdidnotexperienceerrorsandthosethatdid・Thedataconcernlngthe

meannumberoftimesoutsidetheXTElimits，themeanmaximumdistanceoutsideoftheXTElimits，
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andthetimeoutsidetheXTElimits，SuggeStSthattherearenostatisticaldi晩rencesintheperfbrmanceof

theteamsthatexperiencedaGPSerrorandthosethatexperiencedagyrocompasserrorinanyofthe

Althoughthe且ndingswerenotstatisticallyslgnificant，thetrendwasquiteclear．ForScenarios7，8，and

9therewasanoticeable andconsistentdeteriorationinperfbrmanceforallteams（withandwithout

errors）fortheperiodoftimeaftertheerrorwasintroducedinsometeams．Theteamswiththeintroduced

errorsperformednumericallyworsethantheteamswithouterrorsaRertheintroductionoftheerror，

especiallyintheamountoftimeoutsidetheXTElimits．InScenarios7and9thetrendshowedthat

althoughtheteamswiththeerrorsdidnotperformasweHastheteamswithouterrorsinallcategories，

thedifkrenceswerenotstatisticallyslgni重cant．ⅠnScenario8，theteamSWithouttheerrorsperfbrmed

Statisticallybetterinallcategories．Aftertheerrorswereintroduced，theteamswithouterrorsleftthelane

lessoften，theirmaximumdistanceoutsidetheXTElimitwasless，andtheirtimeoutsidetheXTElimit

wasless．

Ⅰngeneral，theteamswithouttheerrorsintheirECDISperformedbetterthanthoseteamsthathadan

errorintroducedintotheirECDIS．However，theteamswitherrorswereallabletoidentifytheerrorsand

COrreCtforitbeforetheshipwasindanger．Thissuggeststhattheteamswerepracticingbridgeteam

managementprinciplesandwereabletoidentifytheerrorandtrapitearly．

4．FINDINGS

LookingatallfourstudiestogetherapattemisevoIvingeventhoughthesamplesizeswheredif臨rentand

therewerediffbrencesinthebackgroundsofthosewhoparticipated．WealsorecognlZethedifRculties

associatedwith self・rePOrtlng SurVeyS andwith uslngtraditionalcourse examS aS a meaSure Ofthe

effbctivenessofsimulation．The頁ndingsofthestudies，Whenconsideredtogethersuggestthat：

1．Theparticipantsin－allstudiesembracedtechnologyandfeltstronglythattheearlyintroduction

OfECDISandradarintheiredueationareveryhighlyvalued．

2．Innearlyeverycase，Onthepostsimulationquestionnaire，WhenaskedifECDIS andradar

helpedparticipantsintheirnavigation，theoverwhelmingresponsewaspositive．Althoughactual

Performance often did notimprove slgnincantly，the participantsfe1t that their situational

awarenesswasbetter．

3．Participants tended to use the advanced navigation methods diffbrently，SOmetimes

inappropriately．This suggests thatthe current methods ofteaching those technologleS，aS

requiredbySTCWmaybeinappropriate・

4．Withthediversityinresponse，thedatasuggeststhatitmaynotbeappropriatetoteachall

Su句ectsinthesimulator．

5．Thereis evidence to suggest that by uslng Observationallearmng teChniques and bridge

SimulatorsInPrOfbssionalcoursesthattraditiona11yhave notusedthesemethodsthereisan

OPpOrtunitytotakeadvantageof；andmaximize，bothexplicitandimplicitlearning・

5．CONCLtJSIONS

Firstly，althoughtheresults ofthis studycan be generalizedonlyfbrthecadetswho volunteeredto

Participateinthestudies，thedatasuggestthatmaritimestudentsunderstandtheimportanceofformalized

traininglnmOdemnavigationaltechnologleSandoverwhelminglyprefbrnewtechnologyinstructiontobe

accomplishedthroughuseofcomputersimulation・Theyalsoagreedthatsimulationtrainingshouldbe

introducedmuchearlierintotheirpro・gramthanhaseverbeenattemptedpreviously．Thissuggeststhata

newtrainingparadigmisinorder・Accordingly，thisworkhasprodigiousimplicationsfbrfacultyaswell

becauseaparadigmsh拍aswesuggestmaychangetheirrolefiomatransmitterofknowledgetoa

facilitatoroflearningl17］．
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Second，itisstronglyrecommendedthatequlPmentmanufacturersworkmorecloselywithmaritime

educatorsastheycontinuetodevelopadvancednavlgationsystems・Studiessimilartothefourdescribed

inthispapershouldbeundertakenbyequipmentdevelopersincollaborationwiththefacultyofmaritime

universitiesequlPPedwithmodembridgesimulationtechnology・Suchstudies，ifconductedproperly，

couldexposeequlPmentde重cienciesthatmaynotbedetectedbytraditionalresearchanddevelopment

methods uslngOnlyalimitednumberofprofbssionalmarinersforequlPmenteValuation・An added
bene鎖tto suchcollaboration betweenequlPmentmanufacturers and maritime educators would beto

introduce students much earlier to equlpment and methods they are mostlikely to be uslng uPOn

graduation・Ifthetrendofincreaslngmaritimeaccidentsistobereversed，maritimeeducationmustnot

COntinuetolagsofarbehindindustrypractices・

Finally，Webelieveitisvitalthatthroughcarefu11ycontrolledande脆ctivesimulationtralnlngmaritime

Studentsdevelop’’bridge－mindedness乃toaveryhighdegreewellbeforebeingtumedloosetooperate

multimillion dollar vessels cq）able of causlng CataStrOPhic environmental disasters a氏er simple

navigationalerrors．ORenequlpmentisaddedtovesselswithlittleefEbrttotrainbridgeofncersinitsuse．

Whenthis happens，the equipmentis丘equentlyunderutilized orignored completely［15］．On many

VeSSelsthereducedworkloadthatthetechnologyenableshasresultedinreducedmannlngandanincrease

in the number and scope oftasksfor which a bridge watchstanderis responsiblel20］．Although

technologyhasthepotentialtoreducemaritimeaccidents，Othershavenotedthattechnologyalonedoes

notpreventaccidentsandinsomeinstancesactuallycontributestothem・Humanerror，misinterpretation

Ofdataandpoordecisionmakingarestillfactorsdespitethepresenceofreliabletechnologyl10］．Proper

traininginbridgewatchstandingproceduresisnolongeroptionalbecausesucherrorssimplywillnotbe

toleratedbytheworldcommunityinthefuture．
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