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Abstract

ThispaperdescribesanrntelligentTutoringSystem（ITS）usedfortheDIS－based
rea1－timeEngineRoomSimulator（ERS）attheFacultyofMaritimeSciencesof

KobeUniversity．InthisERSsystem，SOmeSPeCはcmodelsofITScanmanifbst
almostallthebehaviouralfbaturesoftherealsystemsonboardshipsespecially
those relevant to the MET（Maritime Educationand Training）goals・Ⅰts

evaluation models can　COntain　the appropriate handles，tO enable a

knowledgeable communication with theleamer about the model contents・

Therefore，theITS can provide a basisfor generatlng articulate simulation

modelstosuccessfu11yevaluatethestudentsbehavioursandcompetences・The

evaluationmethodsareespeCiallydescribedindetailinthepaper・Theevaluation

methodsaredividedintothreetypes：TypeA，TypeBandTypeCaccordingto

thedi脆rentinttractionrelationshipsamongevaluatedobjects．TypeAisused

mainlyforalinearNodeSeries，TypeBisusedmain1yforanonlinearNode

Series，andTypeCisusedonlyformalfunctionsimulation・
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l Introduction

ThesteadyincrでaSeinInformationTechnology（IT）andcomputingpowerhasin
factgiven marlne Simulators a solid position，Withinthearea OfMET，aS

indispensabletooIs・However，SOmeStudieshaveshownthatmarinesimulators

areOnlyef托ctivewhenproperguidanceandevaluationareprovidedl1，2，3，4］・

¶lerefore，theIntelligent Tutoring System（ITS）and trainingfunctions are

requir9dtoprovidesuchguidanCeandevaluation・
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TeachingtraineestoactandthinkinalogiCalmannerwillprovidethemwith

thecorrectattitudetocopewithunexpectedproblems．Ithasbeenshownthat

traineeswhoweretrainedinstrictlogicalthinkingperforn1edsigniBcantlybetter

COmparedtotraineeswhowerenotencouragedtosoIveproblemsloglCallyln

ERStrainingtasksl51．Inthispaper，thetrainingtaskandevaluationmethodsare

describedin detail，reSPeCtively，The training taskis designed based on the

SystematicApproachto Training（SAT）method．The evaluationmethods are

dividedinto3types：TypeA，TypeBandTypeCaccordingtothedif托rent

interactionrelationshipsamongevaluatedobjects．Itcanavoidthehumanef托ct

inevaluation，andcanglVeaSatisfactoryscoretorealizeautomaticevaluation

andselfLtraining．

2　Trainingtask

Simulator training can be used to provide a stimulating and challenglng

environment to the trainees．Providing a challenglng and stimulating

environment does not onlyinvoIve the hardware，Creating correct and

Challenglng training scenariosis alsoanimportant factor．In this section a

trainingmethodisglVentOCreateCOnSistentandappropriatetrainingscenarios．

2・l SystematicApproachtoTraining

TheSystematicApproachtoTrainingmethod（SAT）isawell－knownmethodfor

de坑ning andimplementlng training programs originatedfrom the nuclear

industryl5，6，7，8］．We11－trainedpersonnelarerecogmizedasane脆ctivemeans

forpreventionofaccidents．TheSATmethodexpressestheviewthatthetraining

andthedesignoftrainingcoursesisacyclicprocess．¶letrainingprogramis

COnStantly revised duringthe wholel脆cycle ofaplant．Training demands

Changeduringtimeandtrainingcourseshavetoreflectthesechanges．

TheSATmethodrecognlZeSfivesequentialstepsinthedesignofatraining

PrOgram：

・　analysisoftaskandtrainingneeds；

・　designoftrainingprogram；

・　developmentoftrainingmaterial；

・implementationoftraining；

・　eValuationoftrainingef稔ctiveness．

2・2ERStrainingtaskaJlalysis

TaskanalysISisdefinedas：“Asystematicexaminationofataskresultinglna

time oriented description oftasks performed byanOperatOr，Showingthe

Sequentialandsimultaneousactivities”．Theadvantageofataskanalysisisthatit

PrOVidesthetrainingcourSedesignerwithinformationaboutthetrainingtaskin

a structured manner・There are many di晩rent methods toanalyze a task

l5，13，14，15，16，17，18］．During a task analysis the　fo110wing aspects of a

ParticulartaSkcanbeanalyzedandquantified：
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・　Whatisthedesirednnalbehaviour；

・　Whataretheimportantconditionsunderwhichbehaviorwilloccur；

・　WhatareCriteriaforacceptableperformanCe；

●　Whattotrain；

●　howtotrain；

●　howwelltotrain；

・　howmuchtimetospendontraining．

3　The航nalevaluation

WithregardstoMET，the directioninwhich simulator－basededucation and
training appears to be heading these days，the time to develop appropriate
Strategiestoevaluatetraineesislongoverdue．

4　Themethodology

Thesteadyincreaseincomputingpowerhasinfactgivensimulationasolid

positionwithintheareaofeducationalsystems・However，SeVeralstudieshave
shownthatsimulationsareonlye脆ctivewhenpropertrainingandevaluation

methodsareprovided・Inordertorealizesuchagoal，autOmatingtutoringand
trainingfunctionsrequiredleSimulatormodelstobearticulatel9］・Twofurther

requlrementSfo11ow危・Om this・Firstly，a SPeCi鮎simulation modelshould
manifbstallthebehavioralfeaturesoftherealsystemasfarasthosearerelevant

to the educational goals・Secondly，a Simulation model should contain

appropriatehandles，bymeansofwhichthesefbaturesareindexed，tOenablea

knowledgeablecommunicationwiththetraineeaboutthemodelcontents・

AutomatedhandlingoftutoringandtrainingfunctioninERStrainingsystem

requirestheavailabilityofarticulatedomainmodels・Inthispaperthequalitative

modelsaredevelopedtorealizethispurpose・Theresultisahighlystructured

subjectmattermodelthatenablestheevaluationoftraineebehaviorbymeansof

anadaptedversionoftheevaluationalgorithm・

MorespeciBcally，theERStrainingsystemhastodiagnoseandevaluatethe

trainee，s problem solving behaviorl10］・Trainees should acquire problem－

SOIvingskillssuchaspredictingor’postdating’thebehaviorofsystemsuslng

qualitativeterms・Hence，thetrainee，sproblemsoIvingbehaviorconsistsofaset
ofinferencesabouttherbehaviorofthesesystems・Thewaythetraineeinteracts

withtheleamlngenVironmentrenectsthisproblemsoIvingbehavior・TheERS

trainingsystemtherefbrehastomonitorthisinteractionanddiagnosedeviations，
withrespecttosomestandard，intermsofproblemsoIvingerrorsmadebythe
什aine6．．

1n this paper，the model－based evaluation methodl11，12］is applied to

diagnoseandevaluatethetraineebehavior・

4．1Themodeトbasedevaluationmethod

ItisnowbecomlngCOmmOninmanycountriestousethesimulatorasatesting

toolforgrantingcertincates・Forthenrsttime，gOVernmentOfficialsresponsible
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for certifying maritime

Ofncers may now

requlre Ofncers to

demonstrate on－thejob

Skills required　for

licenslng Ofncers uslng

Slmulatortestinginstead
of the traditional oral

examination partfor a

particular cert摘cation．

The questionis“how

muchdoweknowabout
the e拝bdiveness of

training and evaluation
on the simulator？”In

this paper，　the Figurel：Theconceptual丘ameworkofITS，

Intelligent Tutoring

System（lTS）basedonthemodel－basedevaluationmethodand－eXPertSyStemis

describedasthesupervisiorlandevaluationsystem．TheConceptualFramewofk

OfITSisshowninFigureL

lTS canmonitorandcontroltrainees’terminals online．Accordingtothe

StatuSanditemsselectedbyInstructorworkstation，OneOfexperimentitemswill
beproducedbyITS．A氏erthat，traineecanbeginoperatlngOnSO氏wareand／or

hardware．ITS will record the operation step by step．The recordsinclude

trainee’sname，COmmenCedtime，COmpletedtlme，rumnlngmOde，COnditionand

COntentSOfoperating・Basedonthecorrectnessofoperation，aSCOreisglVenby

ITSsystem・ResultofoperationcanbeprintedthroughlTSstationcomputer．

4・1・10PeratillgdataacquisitiotL

InordertorealizethefunctionsofITS，theoperationslgnalS斤ombothhardware

andso蝕Vareshouldbesentandcollected・Figure2showsthemlnmgmethodof

Figure2：DataacquisitionandcontroIsystem．
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datafromhardware．Allthedataarethentranslatedtothedatabase（shownin

Figure3）．It canbe dividedinto severalbases according to their di脆rent

functionsinITSsystem（showninFigure4）・

4．1．2Someworkingdefinitions

For benefit to describing and to

COmprehendtheevaluationmethods，SOme

WOrkingde負nitionsaresketchedout．

Defulitionl：（わeration Obiectis a

Man－MachineInter払ce（MMI）or a
functional area on a hardware

Panel／console．Operation object can be

described asanaggregation Ol机　qJ
basedonaspecialsequence．

Where，Wiswofkstation．作＝1，2，．．．，8）

旦is subsystem of workstation・FigWe3：Thedatac。nt，。lsystem．
α＝7，2，‥リ可

KnowledgeBaseiTXl．■■XnYl●HY血’Xi：Yi”Knowledge付omExpens

ModelBaselMB（TYpe，Name，Class，CharaCter，Parameter，Methodname，．．．）

：　　．　　　K∧M　　　：
l l

MethodBase：M甲（lndex，N＆e，UsedModel，Programname，…）

Database：D
l

l

TextBaselT

K＜M＜ME

（Name，Characterl，CharaCter2，．．．，Charactern）

K＜M∧ME∧D

（Index，Name，Date，Time，・・・）

Figure4：Therelationshipsamongdatabases・

Definition2：EvaluationNodbisanoperationalswitch，PuSh－button，pumP，

heater，COOler，Valve orisolated equlpment etC．inanOperation object q・

EvaluationNddecanbedescribedasNlPbr耶ノん（A／坤′，VLFJli＝1，2，．．．，77）．

Where，Imis to describe the characteristic of an evaluation node・
但＝Hardware，S＝SqGwarqJ；Anistodescribethevaluecharacteristicofan

evaluationnode．召＝analogj廃naL D＝（晦italsigna”；Visthevalueofan

evaluationnode；FistheflagofaneValuationnode・伊＝Tyuemeansthevalue

hasbeenchanged；F＝FblsemPanSthevaluehasnotbeenchangeq）・

De鎖nition3：No（おSbriesISaSeriesofinteractedevaluationnodeNt，Which

areconnectedtogethertorealizesomespecialfunctionsaccordingtoafunctional

relationship．NodeSeriescanbemarkedas即Ⅳ1，NJ桝∈即Ⅳ），NJ）・
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4．1．3DescriptioJlOfevaluatiollmethods

AccordingtothedifFbrentrelationships

andillationamdsearchmethodamong

EvaluationNodesNinaNode Series

Si，the evaluation methods can be

dividedinto3types：TypeA，TypeB
andTypeC．

Type Ais to describe thelinear

relationshipamOngEvaluationNodein

aNodeSeriesSi（ShowninFigure5）．N

is onlyinnuenced by N＿），The鎖nal

scoreofaNodeSeriesisdescribedas：

y＝宣cf・八・W′　　　（1）

Where，W，istheweightingfactorofN．
AmatrixM4Candescribethewhole

relationshipoftheNodeSeriesSi：
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Type Bis to describethe non－

1inearrelationshipamOngEvaluation

NodeinaNode SeriesSj（Shownin

Figure6）．
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Figure5：IllationandsearChtreeA．
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Figure6：IllationandsearchtreeB．
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Type Cis only usedfor malfunction simulation（Shownin Figure7），Each

malfunctionis providedwith up to eight choicesfortraineeto select．Each

Choicehasanoperationdescriptionandapresetscoreaccordingtotheexpert

SyStem．Ifselectedoperationiscorrecttothesimulatedmalfunction，thepreset
SCOreWillbecountedin；Otherwisethepresetscorewillbediscounted．Some

inCorrectoperationchoices canevenresultinotherconsequentmalfunctions・

It meansif these x

incorrect operations are

Selected，Other critical

malfunctions will occur

atterwards and　　the

assesslng SCOre Willbe

Verylow．Thefbllowlng

equations（9H13）are
usedfbrthedescriptions

OfTypeCindetai1＝

C＝桓q…q）（9）

df＝　方正守　（10）
た＝1

瑚円。＝eJe。Jed　（11）

∫gJded

ァ＝三石・W。′　（12）

W粛：押セな妬曙fbcわr

Y

Figure7：IllationandsearchtreeC・

CIJJI CI刀1　　・cm

（13）

Basedonthreekindsofaforementionedevaluationmethods，thefinalscoreof

trainingoperationcanbegivenaccordingtotheflowchartofFig・8・AfuZzy
assessment combined with an expert system，re丘nement and explanation

Strategiesisa用1iatedtoevaluationmoduleinordertogetaconvinclngreSult・

4・1・4Theapplicationsofeva］uatiommethodiTLMET

InthisDIS－basedreal－timeERSattheFacultyofMaritimeSciencesofKobe

University，therearetoomanysimulatedmachinerymodelsandMMI・Here，

0nly an example ofthe applicationin MET trainingis described・ln this
exampledMMI（ShowninFigure9），thereare3NodeSeries：SllNl，NJ6］fbr

HTFW system，S2lNJ，NJ2］forLTFW system andS3PL，NJ3］for seawater

coolingsystem．ThemaininformationofthisexampledMMTislistedinTablel・
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FinalScore

Figure8：Finalscoreanalysisnowchart．
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Tablel‥　　MaininformationoftheexampledMMI・

・一　一一二
J＋‡＋‡

■　　　　　　－　　　　　　　　　　■－　－　－ 1：‾未 繭編

間 ㈹ 町 ¶

AMOl AMOlOO2

1 16 A

B

3 13 A

B

2 12 A

IneachNodeSeries，TypeAisusedforevaluation．Ontheotherhand，Type
BisusedfbrtheinteractioninnuencesbetweenS］andS3，S2andS3．Inthefact，

SlisalsoinfluencedbyMainEnginesystem（inMEworkstation），AMOlOO4
Subsystem（FreshWaterGeneratorsubsystem），AMO2003subsystem（Preheating
SysteminAMO2workstation）andAMOlO15subsystem（HTFWPIDcontroller

SyStem）・Consequently，thedifRrentNodeSeriescanbecollectedaccordingto
theloglCalrelationshipswithTypeA，TypeBorTypeC．

5　Conelusions

Alongwiththedevelopmenttendencyofintelligentships，therequlrementStO
marineenglneerSarealsonslng．Consequently，aDIS－basedrealLtimeERSis

developedtosuitforthosedevelopmenttendenciesattheFacultyofMaritime

Sciences of Kobe University．It can realize the opening structures and
COmPatibility，andprovidearealisticenvironmentfortraineesincatchingthe
englnerOOmteClm01ogy．

Ontheotherhand，theevaluationmethodsoftheDIS－basedreal－timeERS

arealsodescribedindetail．Theevaluationmethodsaredividedinto3typeS：
TypeA，TypeBandTypeCaccordingtothedif稔rentinteractionrelationships

amongevaluatedo切ects．TheapplicationofevaluationmethodsinDIS－based
reat－timeERSisexempli丘ed．Itcanavoidthehumanefftctinevaluation，and

CanglVeaSatisfactoryscoretorealizeautomaticevaluationandselfLtraining．
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