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Abstract

The existinginternationalshippingregulationsrequlre e脆ctivenessmeasures
that are carried out at alllevels within traininginStitutions．The Six Sigma

approachcouldthusbeutilizedbyIAMUmemberinStitutionsforperformance

improvementandapproachingexcellenceintrainingandeducationservices．The

COre COmmitment toinstitutional capacity　enables the METinstitution to

COnSiderresourceissues舟omaholisticperspective，andtoconsidercapacityas

aninstitutionalattributebeyondtheminimumcomplianceandareviewofassets．

Looking atitselfthrough a“lens”ofinstitutionalcapacity enal）1esthe MET

institutiontore－eXaminewhatitisintermSOfitscapacitytofu1丘litsaspirations，

andtointegrateandsynthesize丘ndingsandrecommendationsforimprovements

gained throughits self review．This paperi11ustratesthe advantages and

techniquesoftheSixSigmaapproachthatcouldbedirectlyappliedforquality

improvement atIAMU memberinstitutions while simultaneouslyintegratlng

thoserequlrementSOftheinternationalconventionsadoptedbythehtemational

MaritimeOrganization．
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l Introduction

Forthe assurance ofmaritime safbtyandenvironmentalpollutionprevention

OQjectives，the STCW95Code requires qualitystandardsfor all training

institutionsinaccordanCeWithregulationI／8IMO［1］．Theexistingregulation
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requlreSthate脆ctivemeasureSShouldbecarriedoutatalllevelsinthetralnlng

institutions．Themaino句ectiveofthequalitystandardistotrainandcertifythe

CreWmembersinanefficient，COntinualimprovementapproachcomplyingwith

the requlrementS OfIMO Converrtions such as SOLAS，MARPOL，STCW，

COLREG，LOADLTNEandILOamendments．

ItisobviouslyseenthatthequalityassuranceofaMETinStitutionbecomes

much more complicated when safety，enVironment and qualitymanagement

Criterianeedtobeintegratedintotheexistingdynamicprocessesofatralnlng

institutionwhiledenningtheknowledge，understanding，Ski11sandcompetence．

lbeassessmentactivitiesofallMETinstitutions’managementandoperational

levels on a worldwide basis resultinanother crucial constraint caused by

di飴rent national backgrounds．In the competitive atmosphere of MET

inStitutions’processes，the Six Sigmaapproachis proposedinthispaperfor

IAMUmemberinstitutionsthatareSeekingexcellenceinmaritimetrainingand
education．

2　SixSigma

SixSigmaisaconceptthatwasoriginatedbyMotorolaTnc．intheUSAaround
1985．Atthattime，theywerefacingthethreatofJapanesecompetitioninthe

electronicsindustryandneededtomakedrasticimprovementsintheirquality
levelsl2］．SixSigmawasawayforMotorolatoexpressitsqualitygoalof3・4

defbcts permi11ion opportunities（DPMO）where a defect opportunityis a

PrOCeSS failurethatiscriticaltothecustomer．Motorolasetthisgoalsothat
PrOCeSS Variabilityis土6Standard deviationfrom themean［3］．Theyfurther

assumedthattheprocesswassubjecttodisturbancesthatcouldcausetheprocess

meantoshiftbyasmuchasl．5standarddeviationoffthetarget；Montgomery

l4］．Factoringashi氏ofl．5standarddeviationintheprocessmeantthenresults

ina3．4DPMO【3，4］．This goalwas far beyond normalqualitylevels and

requiredveryaggressiveimprovementeffbrts．ForexamPle，3sigmaresultsina

66，810DPMOor93．3％processyield，WhileSixSigmaisonly3．4DPMOand

99．99966％processyield（thesecomputationsassumeal．5standarddeviation

Shiftintheprocessmean）．Itshouldbenotedthatthereisnoneedtooperateall

theprocessesattheSixSigmalevel．Theapproprlatelevelwi11dependonthe

Strategicimportanceoftheprocessandthecostoftheimprovementrelativeto
thebene航t．

lfaprocessisatthetwoorthreeslgmalevel，itwillberelativelyeasyand

COStef艶ctivetoreachthefourslgmalevel．However，tOreaCh缶veorSixSigma

WillrequlremuChmoreef払rtandmoresophisticatedstatisticaltooIs．

The efEbrtand difnculty　increases exponentially as the Process Sigma

increases．Ultimately，thereturnOninvestmentfortheimprovementefR）rtand

thestrategicimportanceoftheprocesswilldeterminewhethertheprocessshould

beimprovedandtheapproprlatetargetSlgmalevelasagoal．

SixSigmacanbede頁nedasanorganizedandsystematicmethodforstrateglC

PrOCeSSimprovementandnewproductandservicedevelopmencthatrelieson

statistical methods and the scientはC method to make dramatic reductionsin
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CustOmer de丘ned defbct rates．This de館山tion highlightstheimportanCe Of

improvementsbasedonthecustOmer’sde重nitionofadefbct．

AkeysteplnanySixSigmaimprovementefFbrtisdetermlnmgeXaCtlywhat

the customerrequlreS andthen denning defbctsinterms oftheir“criticalto

quality”parameters．From a goal setting perspective，Six Sigma advocates

establishing goals based on customer requlrementS，nOt Onintemal

COnSiderations．UsingcustomerrequlrementSiscertainlynotsomethingthatis

unlquetO Six Sigma，butitisimportant舟om agoaltheoryperspeCtive・Six

SigmaalsousesunlquemetricsincludingProcessSigmameasurements，Critical－

to－qualitymetrics，defectmeasuresandimprovementmeasures【5，6］．Oneofthe

firststepsintheimprovementprocessistomeasurethecurrentProcessSigma．

SixSigmausesastruCturedmethod，Whetherthetaskisprocessimprovement

OrneWPrOduct design．Inthe case ofprocessimprovement，the methodis

Pattemedaftertheplan，do，Check，aCt（PDCA）cyclel7］．Onepopularmethod

usesde丘ne，meaSure，analyze，improveandcontrol（DMAIC）asthe且vestepsin

processimprovement・Asomewhatdi飴rentsetofstepscalledDesignfbrSix

Sigmaisusedforradicalorincrementalproductdesign（de伽e，．meaSure，
analyze，designandverify）．Whatevermethodischosen，however，itislmpOrtant
that the method be carefu11y fbllowed and a solution not of稔red untilthe

PrOblemisclearly de血ed．Dataandobiectivemeasurementiscriticalateach
StePOfthemethod．ThestandardstatisticalqualitytooIsareincorporatedintothe

structured method as needed．Finally，Prqject Champions whoidentjfy
StrategiCal1yimportant prqjects fbr theimprovement teams and provide

resources，typica11y receive an orientation to Six Sigmaratherthan detailed
haining．

3　ApplicationmodelfbrMETinstitutions

3．11dentifkationorprincipleboumdaryconditions

The training and education concept canbe analyzedinfour categoriesfor

determlnlng the generalexpectations and reaching the customer satisfaction

Philosophy．

a．Knowledge，Which enables peopleto understandwhattheylearnin

relationtowhattheyalreadyknowl8］．Knowledgeisbothpracticaland

theoretical．TheoreticalknOwledgeprovidespeoplewiththeabilityto

generalize録omunlqueinstances．Withtheoreticalknowledge，PeOPle

Can aCCumulate many years of experience；SuCh as twentyyears・

Otherwise，Withonlypracticalknowledge，peOPlewillhaveon）yone

yearrepeatedtwentytimes・

b．Know－how，WhichenabJespeopletodo．Know－howtakespeoplepast

merelyunderstanding．Know－howenablespeopletoputknowledgeto

WOrkl8］．Know－howdi脆rssigni重cantly什omknowledge．Knowledge

can be organizedintointellectually tight compartments，and these

COmPartmentSmaybetaughtasasubiectuntothemselves・Know－how，

ontheotherhand，requlreSthepurposefulorganizationofknowledge
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frOm many dif托rentareas ofleamlng．AsknOwNhowis extendedto

higherandhigherlevels ofaccomplislment，itrequlreS eXtenSionto
mOre andmore areas ofknowledge．Whenteachingknow－how，itis
impossible to put bounds on the areas ofknowledge that willbe

encompassed．

C．Wisdomistheabilitytodistinguishwhatisimportant放omwhatisnot；

［8，9］．Wisdom enables people to set priorities on how to use the

resourcesoftime，energy，andemotion．

d．Character，aSCoveyhassaid，isacombinationofknowledge，know－

how，andwisdomcoupledwithmotivationl8］．PeopleoRenrecognize

thedevelopmentofcharaCterbycertaincharactertraits，amOngWhich

might belisted：honesty，initiative，Curiosity，truthfulness，integrity，

COOPerativeness，abilitytoworkalone，abilitytowo止ingroups，SelfL

esteem，ItisupeachMETinstitutiontoidentifywhattoincludeineach

OfthesefourCategOries．It appearS thatinmaritime education and

training，attentionisglVenOnlytothefirstofthefourcategories，With

thelast two not even glVenlip service．In maritime education the

lecturersoftenbelievethatattheunlversityleveltheirsoledutyisto
develop　knowledge and passit on to the next generation．The

developmentofastudent’scharacterisnoneoftheirbusiness．

CouplingconceptwithSixSigma

InthisstudytheutilizationoftheSixSigmamodelisproposedconsistingonthe

institutionalobjectives，COrefunctions，andorganizationalstruCtureSforensurlng

SuStainabilityandtheevaluationmethodforefftctiveness．

This studyoffbrsvariouslevelsofcompetencycategories onaworldwide

basisfor maritime traininginStitutions，aSitis also required by the STCW

Convention．Thevariouscompetencycategorieswillbeasfollows：

・　Formaritimetraininginstitutions，thatseafarer’scompetencybelow500

GRTand750kWinaccordancewiththeSTCW95regulationIT／3，m
andtheadditionaladministration’srequlrementS．

・　Formaritimetraininginstitutions，thatseafarer’scompetencybetween

500and3000GRT，750and3000kWinaccordanCeWiththeSTCW95

regulationTT／2，regulationm／landIIT／3．

・　For maritime traininginStitutions，that sea臨Ⅰ・er’s competency above

3000GRTand3000kWinaccordancewiththeSTCW95regulation
II／1andJI／2，regulationIII／1，III／2．

・　Fortrainjnginstitutionsthattheirgraduatesareemployedonboardthe

ShipassupportorassistantstaffandofBcerslikeradiooperator／0餌cer，

radio－electronic o用cer，electrician，electric／electronic o用cer，medical

Ofncer，SteWard，COOk，amateurSeamanetC．

・　For traininginstitutions，thattheir graduates are employedin shore

basedorganizations．

・　Ship Management Companies（superintendents，Operation，tedmical，

CreWingandneetmanagers）．

・　DockingandShipRepairCompanies．
●　PortsandTerminals．
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●　CharterlngandBrokerageCompanies，agenCiesandothermiscellaneous

fieldsofindustrythatservetheshippingbusiness．

Hence，aStheSixSigmaapproachfocusesoncustomerrequlrementS，itisbetter
to de丘ne whois the customer of the MET　inStitution and what are the

expectations ofthe customer．h this consideration the relationship between

SuPPlierandcustomer，andinadditiontheproductthatisprovidedbytheMET

institution，COuldbede丘nedasfollows．

Actuallythemaritimestudentisnotaproduct．Theproductistheeducationof

thestudent．Inthemanufactureofthisproduct，aSWithanyotherproduct，itis

essentialthattheworker（student）be anactiveparticipantinthe designand

Creation ofthe product．The student，Whois the person who stays withthe

leam1ngPrOCeSSlongest，ShouldlearntObecomethec0－managerOfhisorher

education．Thismeans，aCCOrdingtothetenetsofqualitymanagement，thatthe

Student should beinvoIved，COnSCiouslyandwithskill，inthe continuous

improvementoftheprocessesthatcreatetheproduct．
The customersforthe education ofthe maritime studentare SeVeral．These

are，inorderofimportanCe：

1．Themaritimestudent，Whomustlivewiththeproductfortherestofhisor

herlifb．Thestudentmustbecomethec0－managerOftheproductionofthe

educationand，having such apersonalstake，muStbeconsideredfirst

Whenattemptingtodefinewhatitmeanstohavequalityineducation・

2．The maritime student’s parents andimmediate family who，inmany

instances，arepayingfbrtheproductandmightalsolivewiththeresults
fortherestoftheirlives．

3．Potentialemployerswhowillrelyontheeducationofthestudentatter
graduationtoachievethepurposesoftheirenterprlSeS・

4．Societyatlarge，Whichpaysasubstantialproportionofthecostofthe
educationandrequlreSthe伽血Ⅰ・eParticipationofthestudentasacitizen

intheoperationofgovernment，aSaCOntributortothegeneralwelfareof

SOCiety，and as ataxpayer who willsupport the education offuture

generationsofstudents．

Afterdenningthebasicinterrelationshipbetweenproductandcustomer，itis
necessarytodefinethespecialboundaryconditionsofMET・lntheshipplng

businessthemanagementoftrainingandeducationcanbeconsideredasthe
teclmicaland the commercialmanagement ofmaritime activities・The new

regulationsorrulesthatwillbeestablishedbylMOhavetobetakenintoaccount
asresearchwork andtherequlrementS Ofnewrules haveto be amendedin
relevantdepartmentcurriculumsinanefBcientmanner・AswellasthePortState

ControIparameterS，thee脆ctsoftheseparametersintheshippingenvironment
CauSeraPid，POSitivechangesintheimprovementofshipmanagement・Asa
resultalecturer，sacademicresearchhastopointoutportstatecontrolinspection

resultsandtheclassincationsociety，ssurveyrequirementsthatcomplieswith

the statuary certification of vessels・From the Commercial side of ship
management，the charterers，complaints and the condition ofclausesinthe
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Charterpartydirectlyaf駄ttheclaimhandling．process・Themarinecasualtiesor
CargOdamageSthathaveadirectsigmificantlmpaCtintrainingneedsmustbe
considered．

InordertoovercometheaboveconstraintstheutilizationprlnCiplesofSix

SigmaintothemanagementsystemofaMETinstitutionissummarizedinTable
l．

Tablel：　UtilizationprlnCiplesofSixSigmaforMETinStitutions．

Confidenceto：
－th e students，m aritim e industry，gOVernm entand society
－the faculty m anagem ent
thattherequirem entsfbrquality arecontinuously m et
An e批ctivem arketing tool
Unam biguous definition ofthe responsibility and authority ofallpersons invoIved in
teaching，1earn 1ng，reSearCh including：PrOftssors，teaChing　assistants，Students，
adm inistrativesta托technician San d supportstafr
Fortheadequatedeterm ination ofth ecustom errequirem entsfbrquality
Forthecontinuousinfo rm ation m onitoring an dfbedback system
Adequatedocum entation oftheprogram，COurSe design activitiesand output
Adequate docum entation ofthe studententran Ce requirem ents，hiring／em ploym entof
new staff and m aterial
Identification andtraceability ofallrecords，Students，COurSeS，reSearCh progress
Ensure that there are procedures available fbr control of the teaching，leam 1ng，
research processes，including：reli■ability of laboratory，COm Puter，libraly equipm ent，
Sim ulators，Studentcounsellingasw ellascontinuousfbedbacktothestudent
Forth e adequate docum enting proceduresfbrconducting and reportlng the resultsof
alltests，aSSeSSm entS，eXam S，quizzesincluding graduation
Adequate docum entation of academi c advancem ents，m erit aw ards and／or non－
COnfbm ance
Adequate controlofstudent，Staff and research failure
Intem alquality audits，m anagem entreView s
Adequate useofstatisticaltechniques

When wefocus on SafetyManagement COurSeSinMETinstitutions，itis
necessarytoidentifythe Sa伝tyManagementSystem ofshipboardoperations

andthesign摘canceoftheISMCodeappearsonlyslightlyl10］．WhiletheISM

Codeconsistsofsafbtyandenvironmentalpollutionpreventionprocedures［11］

theSTCWConventioncoversthecompetenceofshipboardpersonnel，andthe

Six Sigma covers the DMAlC approach requlrementS that enable a MET

institutiontodesigncoreSa伝tyManagementSystemcoursesinanappropriate

manner．Forthisreasontheintegratedrequirements’applicationfortheSafbty

ManagementSystemcourseconceptisde瓜nedbelowtoenableabaselineforthe

designprocess．

TherearemanylinksbetweentheISM Codeand Six Sigmaas aprqject

managementtool．De丘ningtheelementsintheSixSigmaapproachconstitutes

StruCtureS　and responsibility and course programlayout and curriculum



MaritimeSecurityandMET283

establishmentprocedures・IntheactivelearnlngaPprOaCh，thelSMCodefound

itmorepracticaltodefinesuchresponsibilitiesinseparatesectionssuchasthe

safttyandenvironmentalprotectionpolicy（clause2），COmPanyreSpOnSibility

andauthority（clause3），designatedperson（S）（clause4），maSter’sresponsibility

andauthority（clause5），reSOurCeSandpersonnel（clause6），Verincationreview
and evaluation（Clause12）．Clause70ftheISM Code corresponds to the

followlng elements ofthe Six Sigma approach such as the elements of

純measurlng乃anduanalysis”．Clause80fthelSMCodecorrespondsdirectlyto

emergencypreparednessandresponsemattersthatneedtobeinvoIvedinthe

HdenneM，HanalyzeMand“improvementMelementsoftheSixSigmaapproach・

Clause90fthelSM Code，althoughit covers a wider重eld ofshipboard

operations，matChesthe“measurement叩，HimprovementMandHcontrolHelements

ofthe SixSigmaapproach・TheconcemSOfclauselOoftheISMCodeare
dividedintothemonitoringandmeasurement，andoperationalcontrolelements

oftheSixSigmaapproach・SimilarlytheconcemsofclauselloftheISMCode

couldbeinterpretedumdertheelementof“define”forthesafetymanagement

system documentation，document controlandrecordstraceabilityinthe Six

Sigmaapproach・Clause120fthelSMCodecorrespondstothe㍑improvement”

andHcontrol”elementsoftheSixSigmaapproach・

More detailedlinks between theISM Code，and the elements ofthe Six

SigmaapproacharegiveninTable2；ErandFuruSho［12］・

Table2：　LinksbetweenISMCodeandSixSigmaconsiderations・

Similarlythe comparisons between theISM Code，STCW Convention，
MARPOLConventionandSixSigmaapproachasaprqiectmanagementtoolare

glVeninLTable3・TheSTCWConventionstipulatesinSomedetailthatMET
institutionsmustbeal）letodemonstratethattherelevantSTCWprovisionshave

beenimplementedtoensurethattheaimsoftheconventionaremet，i・e・that
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Seafarersemployedonboardarecompetent，qualinedandcanindeedperform

theirdutiessafelyande脆ctively．

Table3‥　　ComparisonoflSMCode，STCW，MARPOLandSixSigma・

ISMCode
STCW MARPOL 6¢tbrMET
ConYentiom CollVentiom Institution

Fieldor

Management

OfsaRけat Trainlng Preventionof
Improvementof

Seaand certi航cationandpollution什om exIStlngmanagement
AppllCatioll POllution

prevention
WatChkeeplng Ships SyStemperfbrmance，

minimizingdefbcts

Applicableto
Ship
Management

Administration，
trainlng
SerVices，MET
institutions，

Shlp
management
COmpaniesand
Shipboard
Operations

Shipboard

OPerationsfbr
dlけpesof

Ships

AllMETinstitutions
thatwishto
implementrealistic
basedquality
improvement

Purpose： Managlng Trainlng，
Reducingthe

riskofpollution
brmships

SelfdeclarationofDemonstrate Sa飽けand Cert漬cationand
eompliallCe pollution WatChkeeplng COnfbrmance
With prevention requirements

Means： Sa飽け Training Pollution

PreVention
regulations
andrules

IntegratedSystem
Implemen－ManagementManagement approach鮎rprq）eCt
tationof System System management

St血emeor
Shoreba56d
auditand Organization’S FlagState

NILCerti航cation Shipboard

audjt

Audit SurVeyPrOgram

Validity
5years

Su句ectto
audit

5yearssu叫ect
toassessment

5yearssu句ect
tosuⅣeyS

NIL

ComplianCe Mandatory Mandatory Mandatory Volu血aけ

4　Conclusiom

Appropriateimplementationofthe SixSigmaprq）eCtmanagementaPprOaCh

elementswithinthepara11elviewofintemationalshippingrulesandregulations

CanenableMETinstitutionstoundertakeplannlngandevaluationappropriateto
theirneedstoaccomplishandimprovetheachievementoftheirmissionsand

PurPOSeS∴hthisrespectMETinstitutionsshallundertakebothshort－termand

long－termPlannlnglnCludingthecandidandrealisticanalysesofintemaland

externalopportunitiesand constraints．Itshallrespondtofinancialandother

COntingencies，eStablishingftasiblepr10rities，anddeveloplngarealisticcourse

Of action to achievetheidentified objectives that are definedinIMO

Conventions・hstitutional decision－making，Particularly　the allocation of
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resources，ShallbeconsistentwithplannlngPrlOrities・TheMETinstitutionshall

systematicallycollectandusethedatanecessarytosupportitsplannlngeffbrts
andtoenhanceinstitutionalef稔ctiveness．

Thus，throughitsorganizationaldesignandgovemancestruCture，theMET
institution can create and sustainan environmentthat encourages teaching，

learnlng，SCholarShip，and where appropriate research，andit shall assure

provision of support adequate　for the appropriate　functionlng Of each

organizationalcomponent or department・Inthis consideration the MET

institutioncanperiodica11yevaluatethee飴ctivenessofitssystemofgovemanCe

usmgtheresultsofstatisticaldatathatareobtainedduetothestrategicplannlng

phaseinthemeanSOfselfLassessment・TheadvantageoftheSixSigmatooIcan

enabletheMETinstitution，Sactivitiesbycontrollingtheprocessasabackward

andforwarddata－drivenprocess・Thismeanstheactionswillbetakenstepby

step・The steps willde血e the aspects，analyze theirnpacts，meaSure the
signiGcantimpacts，andthentailorasolutionthatcouldbenamedasthetarget，

WhilefocuslngOneducationale脆ctiveness，articulatingacollectivevision
ofeducationalattainment，OrganlZlngforleam1mg and becomlng aleamlng

organizationmilestonecaneasilybeincorporatedwithinSixSigma・
Articulating a collective vision ofeducationalattainment centres onthe

degreetowhichtheMETinstitutionsetsgoalsandobtainsresultsforstudent
leamlngatboththeacademicandprogramlevels；theseare＝

・Clearlystatedandwidelyunderstood；

●　aPPrOpriateforthetypeandlevelofthedegreeorcredentialo飴red；and

adequatelyassessedtoascertainmasteryoftheselevels・

Organizingforlearnlng CentreS On the alignment of appropriate MET
institutionalassetsandcharacteristicswiththegoalofproducinghighlevelsof

studentlearnlng，COnSistentwiththemissionoftheMETinstitution；these
include：

●　Curriculum，Pedagogy，andmethodofdelivery；

・facultyrecruihent，development，SCholarshipinsupportofimproved

teachingandleamlng，reWards，andincentives；

・OrganizationalstruCtureSandprocesses；

●　informationresourcesandplannlngcapacity；

．Studentservicesandco－Curricularactivities；and

＋　reSOurCeSandfacilities．

ConsequentlybecomlngaleamlngOrganizationcentresonthedegreetowhich

theMETinstitutionhasdevelopedsystemstoassessitsownperfbrmanceandto

useinformationtoimprovestudentleamlngOVertimethat：

・areSyStematicandregular；

●　reinfbrceaclimateofinquirythroughouttheinstitution；

．reflecttheinputofstake－holdersandanawarenessofthedistinctive
characteristicsofitsstudents；

・identifykeydimensionsOfperfbrmancethatincludestuderltleamingand

．are based on standards ofevidence that prominently fbatureinthe

educationalresults．
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