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Abstract. Being an unseperaЫe part of educational process, measurement and assessment is useful for 
determining whether the education goals are met. Basically, assessment aims at enhancing educative 
processes and improving student quality. А liaЫe, appropriate, supportive kind of measurement and 
assessment is not only substantial for leaming, but also important for progress of performance, 
efficiency of the process, and statistical analysis as well. Some professions, which are acquired 
through certain trainings, have to go through some measurement and assessment processes, for the 
responsiЬility they hold within their constitution. Namely, Maritime Education is one of them. What 
are the necessary criteria and methodology for carrying out а 'measurement and assessment' analysis 
in а top-level maritime education institution? Hence, are these familiar to the educators? Considering 
а measurement tool, practicabllity is an equally important quality as reliaЬility and validity. А 
measurement tool or method being practical means that it has characteristics like ease of, objective 
and economic in improvaЬility, reproducaЬility, applicaЬility and scoring. While carrying out the 
evaluation, the content of the assessment ( what to measure?), the method for data acquisition ( who 
should use which assessment tools?), technical requierements of assessment (is the assessment valid 
and reliaЫe?) and where and how the assessment results are assessed should Ье worked 
out.Intemational Maritime Organization's (IMO) STCW convention compels that adequacy of 
education must Ье assessed and continuously monitored. In 1995, the convention was revised so as to 
make clear the efficiency of standards, to determine efficiency needs of instructors and evaluators and 
to perform effective practice. The whole point in doing so is to determine а common level, while 
putting the stress on education. 

Educators should go under а training program of which standards were set in accordance with the 
criteria and methodologies of the subjected institution's policy. The aim of this article is first to 
designate а model of "measurement and assessment training" for а maritime education faculty staff, 
within the scope stated above, and then to determine its efficacy. Accidents, which took place in the 
engine room, caused Ьу lack of education, were assigned as the random sample within а certain period 
of time, and educators were trained in а way that they could assess the issue through Cluster Statistics 
Analysis. The reason for assigning accidents that were caused Ьу lack of education as the random 
sample and collecting and assessing related records is to let the instructor base his/her criteria and 
measures, with which he/she evaluates the students on concrete data. Ву using this measurement and 
assessment method, the educator builds up а Stratified Calculation Schedule so as to let the educator 
defme both the levels of efficiency which the student is supposed to acquire and and to let him gradate 
the measures in between. Through designing an examplar education model, the gain is to set а healthy 
ground where а self-evaluation method for evaluating the institutions and educators will Ье build up on. 

1. INTRODUCTION 

The concept of human factor in the seas includes the crew members serving on the ship and everything 
that plays а role in the interactions between any person, system or machine on the ship. According to 
official statistics from US Coast Guard, approximately 80 % of accidents and incidents in marine 
environments are due to human error or human factors [3]. If human factors in the accidents could Ье 
minimized, the number of total accidents happening could Ье reduced Ьу а half. In order to achieve this 
improvement, it is essential to move down to the basics and conduct а study within the scope of 
educational institutions training seamen. This study' s priority should Ье to comprehend the proЫem and 
disceming its dimensions; such as Ьу determining the proportion of accidents due to human factor and 
examining their damages. The stage following this important determination should Ье statistical 
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assessmenttheparametersthatarerequiredtoavertaccidentsandthendevisingamodelthatwi11ensure

improvementthatisalsousablebytheeducators．

Whendealingwithhumanfactor，Whichisthepnmaryelementinoとcurrenceofmarineaccidents；ithas

beenidentiRedthatcausationslikecarelessness，inadequacy，1ackoftrainlng，fatigue，lackofdialogue

andinadequate coordinationare effbctive・Without a doubt，itisimpossible tofu11y eliminate the

accidentscausedbyhumanfactors，yetaCertainamountofreductionin丘equencyofsuchaccidentscan

beattainedbyavoidingthosethatcouldbepreventedbyadditionaltrainlng・ThepurPOSeOfthisarticle

achievlngtrainlngbasedimprovementbydevisingamodelandassurlngitsapplication．

hareportreleasedbyJapan’S“MarineAccidentshquiryAgency”in2004，marineaccidentsthattook

Placeduring2003havebeenanalyzed・Accordingtothisreport，amOngthe715accidentsthathappened，

3000fthemwerecausedby（42％）collusion．Whenthecollusioncausedaccidentswereexamined，itwas

fbundthat54％ofthemwererelatedto“hadequatewatching”．Secondleadingcausewastheviolationof

tra臨crules．OthercausescouldbelistedasfailuretOglVeSOundsignals，mismanagementsuchasglVlng

erroneousorders，lnaPPrOPnateSPeed，dozingofEpasslngShipsandnotreportlng，andfailuretodisplaythe

necessarylightsandsigns．hthesamereport，176accidentsincategorizedasgroundingthatcomprised

21％oftotalaccidentswereinvestigatedandaninterestingsituationwasspotted．Theforemostreason

behindgroundingwasdetectedtobedozingoff；withaproportion31％．Whentheotheraccidentcauses

Wereinspected，itwasseenthatallofthemwerecausedbyhumanfactors．hthesamerePOrt，itisstated

thatonlyll％oftotalaccidentshappenedasaresultofmechanicalbreakdownSl2］．

TheemerglngCOnClusionisinterestingduetodeterminationthatalmostallmarineaccidentsarecaused

byhumanfactor；becauseamongthemachineryfailurelinkedaccidents，theunderlyingfactorsbehind

machineryfailuresaremOStlycomprisedofde鎖cienciesinmachinemaintenanceattitudeandmechanical

Circuitmanagement．Theratio ofaccidents arlSlngfrommechanicalstruCturerelatedtechnicalerrors

amonggeneralmechanicalbreakdownSisonly18％［2］，［4］．

2．AGENERALINVESTIGATIONINTOMARINEACCIDENTSI）tJETOHUMAN

FACTOR

ThemainfactorsofaccidentsareunSaftacts andunSafbconditions．UnsaftActsencompasshuman

PerformanCefactorsincludingoperationalerroronthepartofanycrewme血berofavessel，aPilotor

Shorepersormel．UnsaftConditionsconsistofanyident摘edconditioncontributingtoanOCCurrenCeSuCh

as：Environmentalconditions，VeSSelconditionandotherconditions．

CausesofaccidentsintheBalticSeaduring2006；Themaincauseofaccidentsin2006isnotasclearaSthe

yearbeforeduetothelackofinformationfor35％ofcases．However，humanfactorseemstocontinuetobe

themainreasonforanaccidenttohappen（36％），fo110wedbytechnicalfactor（15％）（Fig．1）［1］．

Fig．1．CausesofaccidentsintheBalticSeaduring2006，Totalnumberofshipsinaccidents：117ll］
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HumanfactorwasalsodominatlnglnaCCidentswithpollution，CauSlngfburoutof坑veaccidentcases

（Fig．2）［月・

Fig．2．CausesofaccidentsresultinglnPOllutionintheBalticSeaduring2006，

Totalnumberofaccidentswithpollution：5ll］

3．MEASUREMENTANI）ASSESSMENTEI）UCATIONMOI）EL

InstitutionsglVlngMaritimeEducationareincreaslnglymorerequiredthanevertoraisegraduatesthat

Can renOVate themselvesforadaptingto today’s conditions，aPPly whattheyleamed，developnew

designs，COnductteamworkandpossescommunicationskills．Marinersthatpossesstheseattributeswill

PrOVideaslgn漬Cantreductioninaccidentshappenlngduetohumanerrors．Inthiscontext，maritime

accidents with human factors have been analyzed by sets statisticalmethodinIstanbulTechnical

UniversityMaritimeFaculty（ITUDF）and“measurementandassessmentparameters”wereputtogether．

Thedevisedparametershavebeenutilizedforafullacademictermbytheinstructionpersonnelteaching

“ElectronicsLaboratory”and“AutomaticControl”Classesintrainingandevaluationofthestudents．The

datausedinthestatisticalstudythatwasneededfbrdeteminingandclassifyingtheparameterSrelatedto

the“MeasurementandAssessmentEducationmodel”hasbeen collected丘omthe publiclyavailable

IntemalMaritimeCasualtiesandIncidentsreports，WhicharefoundinthewebsiteofInternalMaritime

OrganizationGlobalIntegratedShipplngInformationSystem．Theselectedaccidentsweredeterminedto

bethe30ShipaccidentstakingplacebetweenOct．10，2004－May16，2007andwhichwereattributedto

humanerror，PrOVidedthatthisspec漬ccausebeingrecordedintheaccidentreports．

Weusedtoclusterstatisticsmethodfordataanalysisthatisamultivariateanalysistechniquethatseeksto

Organizeinformation about variables so that relatively homogenenous groups，Or，．clusters，M can be

formed・Clusteranalysisisrelativelysimple，andcanuseavarietyofinputdatathatisarelativelynew

technique・WeusedtofourbasicclusteranalysISStePS：datacollectionandselectionofthevariablesfor

analysis，generation ofasimi1aritymatrix，decisionaboutnumberofclustersandinterpretationand

Validationofclustersolution．ThemainoutcomeofaclusteranalysISisadendrogram．Itisshownbasic

StepSOurStudywhichisalsocalledahierarchyofmodeldiagrambyus（Fig．3）［5］．

Oftheinvestigatedaccidents，210fthemweregradedasveryseriousandtheremalnlng9asseriousor

lessseriousandtheclassincationoftheaecidentsweredeterminedascollision，grOunding，CaPSIZlngand

StOPPedenglne・Theseaccidentshaveresultedineonsequenceslikelossoflife，materialdamageand

environmentalpollution・The human errorsinthe accidents have been classined asinadequaciesor

deficiencies ofthefollowlnglSSueS；maintenance，OPeration，COmmunication，Observation and hult

diagnosis，keepingpacewithtechnologydevelopment，abilitytoconductmultipletaskssimultaneously，

decisiontoapressuredoremergencysituation，adaptationonnewsituation，keeplngtherules，perSOnnel
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diagnosis，keepingpacewithtechnologydevelopment，abilitytoCOnductmultipletaskssimultaneously，

decisiontoapressuredoremergencysituation，adaptationonnewsituation，keeplngtherules，perSOnnel

Fig．3．Hierarchyofmodeldiagram

responsibility，andknowledgeandpracticability．Thisclass摘Cation andtheseriousness gradesofthe

accidents they resultedin have constituted the matrix base of our model．After completing the

Classi鎖cationsanddevisingthecoefncientsthatindicatetheseveritylevelsoftheseclassifications，the

application model’s parameterswere detemined by selectingthe factors thatcould be corrected by

training（Fig．4）．

Asaresultofourstudy，ithasbeenseenthat，aSmuChtheinfbrmationlevelglVeninmarineeducation

andtheimplementationskills，itisimportantthataseamancanachieveteamworkatalmostthesame

PrOPOrtion，PerfbrmadutyWithoutdelayswithinahierarchicalstructurebyusingeitherverbalorwritten

datatransmissiontooIsasneeded，besidesbyvirtueofleadershipattributesglVethemostrightdecision，

Whichmeanspossesslnglogicalthinkingskills，andshowcontrollingskillsonmulti－taSks．

Percentagedistributionofhumanre】atederrorsaccordingtoshipaccidentsandaccordingtoseverityof

theirdamagingconsequencesispresentedinFig．5（havinghorizantalaxiscorrespondestohumanerror

types）andFig．6，reSPeCtively．Asaresultofthisstatistiealstudy，ithasbeenrevealedthatinadequacies

associatedwiththeadoptedtheoryandlimitedpracticefaciiitiesexistinclassicaleducation．Ithasbeen

deducedthatitisquiteimportantfbrtheinstructor，Otherthanindividualmeasurementandassessmentof

thestudent，tOeValuatethestudentwithrespecttointerstudentcommunication，COOrdination，attitudesin

leadership role，decision making under pressure andemergencies，and process ofadaptationto new

conditions．
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馳皿釦帽『陀『鞠爾

1．Knowiedgeandpracticability

2・Personalresponsibility

3．KeeplngtIlerdes

4．Adaptationonnewsituation

5・Decisiontoapressuredor

emergencysituation

6．Abilitytoconductmultipletasks

Simultaneously

7．KeeplngpaCeWi仙tecbnology

developmemt

8・Observationandfaultdiagnosis

9．Communication

lO．Operation

ll．Maintanence

馳加曲的馳鹿

1．Low

2．No

3．No

4．Notenough

5．False

6．Notenough

7・Notenough

8．NotenougI1

9．Nocoordination

lO．Noteamworking

ll．Substandard

Fig．4．EvaluationandgradingparameterS
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Fig・5・Percentagedistrubutionaccordingtohumanerrortypesatshipincidents
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Fig．6．Percentagedistributionaccordingtohumanerrortypesatlessserious－VerySeriousshipincidents

4．MODELSTIJDYABOUTIMPROVEMENTSINMARINEEDUCATION

Themodelstudyisstudentcenteredandprovidestheassessmentofthestudent’scompetenceinin－grOuP

COOperation，COmmunication，taSksharing，learnlngteChnologiCalnoveltiesbyidentincationandpractical

Operations，andleadershipattributes．Fortheapplicationofthemodelstudy，theobligationtocomply

Withthecoursehierarchywithestablishedboundarieswasimposedon the student．Theeducationin

MaritimeFacultyisstruCturedasmathematicsandbasicsciencesintheinitialyears，thenvocational

theoriesandmethodsandpr亘iectandsystemorientedcoursesinthelastyears．Tnthescopeofinstruction

StruCtureSthisway，the“model”applicationfbreachcoursecanbemademorefunctionalbydividingthe

COurSeWithinitselfintosubneldsandthus，thestudentcanbeginhiscareerwithrelevantattributesthat

Canneutralizethestatisticalparametersoftheaccidents．

Withinthescopeoffacultyeducationprogram，theselectionoftwocoursesforsamPleapplicationhas

beendecidedas“ElectricalLaboratory”and“AutomaticControl”．BefbremovlngOntOtheapplication，

instructorsofthesecourseshavebeentrainedandgiveninformationaboutthemodelanditsapplication・

Regardingthe contents ofthetralnlng，theinstructorswereinfbrmed aboutthebasis ofparameters’

Selection，howtheparameterswillbeevaluatedandhowtheycanbeappliedinaccordancewiththe

COurSe COntent．ln this training，COurSe Plans have been scrutinized，eXamined and updated fbr

improvementandapracticeapplicationhasbeenperformedontheinstructors．

Bytakingintoaccountthecontinuityoftechnologicalinnovation；autOmaticcontroIsystem’sstructural

elements and the basictheory and numerical problem solution applications about the operational

PrlnCiplesoftheseelementshavebeenstudiedinautomaticcontroIclasses・Thesameparameterhasbeen

addressedinElectricalLaboratoryclassesaswellandthestudentshavebeenexposedtopracticesabout

COntemPOrarymeaSurementdevicesandovercomlngmeaSurementSPrOblems．Inbothclassesthestudent

has been askedto bringresolutionsforvarious errorscenarios glVeninthe scope ofhisindividual

knowledgeandapplicationlevel，reSPOnSibilityattitudeandimplementations，throughwhichthestudent

targetedtogalneducationattainmenttowardsglVlngthebestdecisionsincaseofencounteringdi晩rent

PrOblemsinaccordancewithchanglngSyStematicstructures・Thestudentgroupsformedbyeducatorsand

thestudentleadersnominatedbyam亘iorityVoteofthesegroupsaretargetedtoattaincommunicationand

teamworkskills・Foreachpracticestudy，thegroupsandthestudentleaderhadbeenchanged・Bythis

Way，itisaimedforthestudenttoshowadaptationtochanglngCircumstances・InAutomaticContro1
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Class，inpracticesconcem1nglevelandtemperaturecontrol，thestudentgroupsareaskedtoobtainthe

expectedvaluesarldasasecondstage，theyhavebeenaskedtoobtainsamemeasurementsagalnunder

CertaindisruptlVeCircumstances．Forevaluationofpracticework，incaseofagroup’sfailurethestudent

leaderwasdeemedunsuccessfulandincaseofaparticularstudent’sfailureinthegroup，thatgroup’s

Studentshavebeendeemedunsuccessfu1．ThepurposeofthisevaluationistoinStilltheawarenessthat

OnePerSOnnel’sfailurewithintheshipmanagementhierarchymayleadtodamaglngreSultsfbraHcrew

membersandeventhepassengers，ifthereareany．ForElectricalLaboratoryclass，thestudentisaskedto

designatestingapparatuswithadiffbrentpurposeeveryweekandregardingthis，informationaboutthe

goalS，methodstofollowandexpectationshasbeenglVenatthebeginnlngOftheclass，andrelevant

methodstoconductanalysisoftheresultshavebeentaught．Forthetargetedwork，thegroupswereglVen

instructiveschematicplans．Theexpectedmeasurementswereobtainedbythegroupsthatdesignedtheir

apparatusesbycorrectivelyconstruingtheplans；thosewhoimplementedtheplansincorrectlycouldn’t

getanyresults丘omtheirmeasurementqpparatuses．Thestudentsareaskedtodetecttheirmeasurement

errors by classifyingtheminto environmentalfactors，human related errors and errors attributedto

devicesJntheautomaticcontroIclass，di脆renterrorscenarioswereglVentOeaChgroupbytheeducator

andthe groupswereaskedtobringaresolutionfortheirprobleminthemostappropriateway．The

PreSentationoftheprqjectsandadministrationofdiscussionsorientedatfindingthemostcorrectsolution

Wereenabledbycooperationofthegroupleadersandinstructors・ForthediscussedprqecttopICS，grOuP

leaderswereheldresponsibleincasetheirgroupwasunabletocomeupwithasuggestionofcorrect

SOlution．ThereR）re，the students were enlightened aboutthe scope ofleader responsibilityandthe

responsibilityofagroupmembertoo飽rasolutiontohis仙erleader．Ofthemodelstudiesappliedfortwo

COurSeSduringthecourseofoneterm，thestudyconcemlngautOmaticcontroIclassISpreSentedinthetable

below（Tablel）．

Tablel

Modelapplicationfbrautomaticcontrol

A utom atic controlin

m aritim e lectureterm　plan

Percelltage
distribution

illterm

Studentevaluation
Student evaluation to

hum an error types

Generalautom aticcontrol 30％ Every studentwasresponsible indivi dually K nowledgean d practicibility，
SyStem in m arin eenglneerlng， 丘om w ritten exam，and practiceexam PerSOnalresponsibility，
generalautom aticcontrol aboutsim ulation studieson acom puter keeplng ru les，adaptation on
SyStem Stru Ctureand controHer

typestaught，generalproblem
SOlutionsand sim ulation studies

new situation

Laboratuary studieson level 40％ 1）Laboratuary studiesdonewi thgroupsand a Abilitytoconductm ultiple
an d tem peraturecontroldone 1eaderin students，andlecturerasaobserv er． taskssimultaneously，
by groupsofstudents 2）G roupsand leaderchanged every studies OPeration，m aintanence，
according to variousfault by observ er observation and fault

SCenarlOS 3）Groupsreportedtheirstudiesto aleader．
Ifagroup didn’thavesolution，theleader
had been unsllCCeSSfu 11
4）lf astudentgave免】seresponce in oral

exam ination byobserver，thegru P had been
unsuccessfu 11，althougllthegroup reportwas
tm e

diagnosis

Pr亘iectson possible偽．ult 30％ 1）Prqjectstudiesdonewith groupsand a Decisionto apressuredor
SCenariosm arineenglnedrlng ieaderinstudents，andlecturerasaobserver． emergency situation，keeplng
autom atic controIsystem s 2）Prd ectstudiesdiscussed witheach group； PaCewi th technology

ifothergroupgavebettersolution afault

SCenario，thegroup who wasresponsibleth e
problem had been unsuccessfu 1
3）A leaderchanged ateveryproblem
discussion，Who wasresponsiblew ith a

classcoordination
4）A leaderdecidedthebestsolution，an da
leaderevaluated by observer

development，COm m unication
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Modelapplicationsexecutedfbrafulltermhaspositivelyaffbctedtheperformanceofthestudentsinthe

ensulngClasses・Forinstance；aStudentwhohastaken“ElectricalLaboratory”classinaccordancewith

the modelhas committed fbwer errorsin㍑Ship Electronicsn course，S practices and has been more

SuCCeSSfulinsoIvingtheencounteredproblemsbythinkingmorecomprehensively・DuetoHElectrical

Laboratory”classbeingaprerequisitefor“ShipElectronics”，thestudenthascommittedintegratederrors

inthiscoursemuchlessfrequently．

5．CON■CLUSION

As a result ofthe statisticalstudy conducted by utilizing the data compiledfrom sample accident

OCCurrenCeS，ithasbeensetforththerealitythattheattainmentswhicharesupposedtobegiventothe

Students during maritime education need to much more diversined than the targetedlevels during

Classicaleducationare．Whiledevisingthemodelparameters，thequestionsregardingtheassessment’s

COntent（Whatshouldbemeasured？），datacollectionmethod（WhichassessmenttooIswillbeutilizedby

Whom？），teChnicalrequirementsoftheassessment（istheassessmentvalidandreliable？）havebeenasked

andhowtheresultsoftheassessmentwillbeutilizedwaslnquired．Theinstructorsoftheclassesselected

forthemodelapplicationweretrainedandthecourseplanshavebeenupdatedwithinthescopeofthis

trainingandtheirimplementationwascarriedout・Themostimportantdeduction丘omthisstudywasto

revealthenecessitythatthecourseinstructorshouldconcentrateonapplicationand／orprqjectworkin

SuChawaythatwouldsupportstudentorientedleamlng・Whileinsti11ingacademicqualincationintothe

Student，aCOurSe StruCturethatwillsupporthighlyessentialattributeslikeresponsibility，leadership，

analyticalthinking，PrOblemsoIvinganddisciplineshouldbeprovidedaswell．Ithasbeenobservedthat

motivationofthestudentsparticipatinginthecoursesselectedfbrthemodelapplicationhaveincreased

thankstotheapplication andtheresponsibilitygiventohimduringtheapplication∴However，Since

applicationanderrorscenariosaregalnlnglmPOrtanCeandsettinguplaboratoriesfbrvariousvocational

COurSeSanddiversincationoflaboratoryequipmentandinventoriesisrequired，thetotalcostofaquality

maritimeeducationisincreaslng．Inordertolowerthecosthike，theapplicationsmaybevirtuallycarried

Outbyappropriatesoftware．Instructorsintheacademiccrewshouldbesupportedtomakethemableto

programtheseso丑wareproducts．Besides，graduationandpost－graduatethesisworkcanbedirectedatthe

simulationtomakethestudiesmorediversi坑ed．

The modeldevised as aresult ofthe conducted studyisin conformityWith STCW Convention of

InternationalMaritimeOrganization（IMO）andissuitablefbrtheireducationalcompetenceassessment

andcontinuouswatching；howeYerthemodelparameterscanbeaugmentedtoconstituteamoredetailed

VerSion．ThemostessentialconditionforapplicabilityofthemodelistheedllCatOrinstructingthecourse

beingtrainedaboutthemodel’smaterialityandadaptationofitsparameterStOhisclasses．Humanrelated

errorsareexpectedtobeslgnincantlyreducedduetosystematicapplicationofthemodelininstitutions

glVlngmaritimeeducation．
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