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Abstract

Theintensive development of various types of veryimportant and usefu1

regulationsandstandardsintheshippingindustryinrecentyears，inalotof

CaSeS，isnotsufficientlycoordinatedwiththequantityandqualityofresources

tomeetthemandensuretheirproperimplementation．Thispaperpresentsthe

PrqjectsponsoredbytheNipponFoumdationdescribingsomeformalapproaches

inanalysisofHumanElementimpactonsafttyandsecurityintheshipping

industryandMETefnciency．

物WOr血・CreWrが0〟rCeぶ，励わgれβ即e∫ね〃乃錦，明陀少∫eC〟r砂．

l Introduction

Applicationofsuch“catalystsofefficiencyandsafbty”asISOandISMCode

Standardswithoutgrantingtheappropriateresourcestomeettheirprovisionshas
ledto the emergence ofsomenegativetendenciesinwhichnewtermS and

COnCePtS aregenerated．Theseinclude’bapersafety”，“paPeraudit”，”paper

quality”，etC．But the carrying out of many Of such bureaucratic“paper

PrOCedures”to keepthe“paperimage”of the METinstitution，Shipping

COmPanyOrVeSSel，WaSteSthesameresourcesand，inmanycases，reducesthe

levelofqualityandsafety．So，thereisaviciouscircle，andtoescape丘omit，

i．e．toraisetheefhciencyoftheregulationsandstandards，Wehaveonlyone

POSSibilityandthatisfindingtheoptimumbalancebetweenrequirementsand

resources through the reasonable compromise between safbtyand economic

efnciencyoftheindustry．TheshippingindustryandMET丘eldarelinkedinone

systemandinthisPrqjectwehavetriedtoresearchsuchlinksusingFISand

Bayesiannets．
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2　Crewresourcesanalysis

2．1FuzzylnfbrenceSystem（FIS）applicationtoregulationaAdcrew

resourcesanalysis

Thetheory ofFuzzySetS，WhichbasicideashavebeenofftredbyAmerican

mathematician LoRy Zadeh，describe a qualitative，fuzzy concepts and

knowledgeoftheworldaroumdandtooperatewiththisknowledgeandopenly

recelVlngneWinformation．Themethodsofconstructionofinformationmodels

basedonthistheoryessentiallyexpandtraditionalareasofcomputerapplications

andformanindependentdirection．Scient摘Callyappliedresearchhasreceived

thespecialname－Fuzzymodelling．Thetechniqueofmodellingisdescribed

inll］．TheFISflow－ChartispresentedonFigurel．TomakeanFISweused

Gaussianmembershipfunctionsdistributedatregularintervals．Theseintervals

and sets oflinguisticvariables are showninbradketsbelow．Inputlinguistic
variables：

・　manning（0－2；reduced，Standard，increased）；

・　Skill（0－2；low，medium，Standard，high，eXCellent）；

・　regulations（0－4；1ack，SufBcient，functionally redundant，OVerlap，

OVerregulation）．

Outputlinguisticvariables：

・　WOrkload（0－2；low，medium，Standard，OVerload，eXtremelyoverload）；

・　taSk（Oq2；nOtSOIved，almostnotsoIved，almostsoIved，SOIved，1ittlebetter

SOlution，mOrebettersolution，thebestsolution）．
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Figurel：FISandWorkloadsurface．

Allthestandard（COnVentional）valuesinthismodelareequaltol．So，ifthe
Value ofwo止loadislitmeansthathours ofrestmeettherequlrementS Of
STCW78，aSamendedandlLO180etc．

Weusedana句ustablemodelconsistingofasetof76fuZzy折thenrulesof

thefo110wingtype：

1・lf（manningisstandard）and（skillisstandard）and（numberofregulations享S

Sufficient）then（workloadis standard）and（level of task solutionlS

Standard）”76．If（manningis reduced）and（Skillislow）and（thereis an
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overregulation）then（thecrewisextremelyoverloaded）and（thetaskisnot

SOIved）．

Someformalfindingsandresultswithinthemodel丘amesareglVenbelow‥

a）IfeventhenumberofregulationsisfunctionallysufncientandmarLningand

skillofthecrew阜SCOnVentional，thentomaketheO・90fconventionalwork

theprobablecrewoverloadofO・12isacommonthing・
b）Ifin“a”conditionsthecrewisreducedtoO・8thenthewofkloadincreasesto

0．24，andcrewperformanCefallstoO・85・

C）Ifthequalincationofcrewleavesmuchtobedesiredthenitpractical1y
meansthatworkloadisatthesamelevelasinresultHb”andinthiscasethe

CreWPerformancelevelisreducedtoO・71・

d）Tfthereisafunctionallackofregulationsthenevenwiththecompletecrew

andtheirstandardqualification，thecrewperformanCelevelisO・7・

e）Theoverregulationimpactisverysimilartothesituation“d”・Overregulation

isdangerous，aSitdistractsseafarersfromperformanceoftheirdirectofncial

duties廿equentlytopleasetheshipinspectors・Thisisthemainreasonof

くくPaperimage〉〉・

f）Overregulationiscatastrophicforship（company）whenthereisashortageof

crewespeciallyifthecrewislowqualified・Ⅰnthiscasecrewperformanceis

only O・58・Itis accompaniedbyanenOrmOuS OVerload・Overregulation，

unSkilledseafarersandoverloadgotogetherandtheycreatethe

toincreaseregulationevenmore・

g）ImprovementofcrewskillbyO・1enablestogivestandard

performancewithitspossibleinsigniBcantOVerloadofO・1・

TheresultsMa－e－IshowlowcrewperformanCe・Inotherwords，

thereisaconstanthd詔rdbusatmo甲hereoriginatingwiththehigh

incidents，aCCidentsorcatastrophes．

Analyzing the outputlinguistic varial）1es，Wofkload and
performanCe），We reCeived some fhdings and results，Which

submittedbelow：

viciouscircle

level ofcrew

inthesecases

probabilityof

Task（Crew

are Partia11y

h）Eveninconditionsofkeencompetition，the？Verregulationintheshipping

industry couldbe avoidedorits negativelmPaCt COuldbe reducedby

educatlngandtrainingofhighlyquali鮎dseafarersandthecompany，sshore

basedstaffandshipinspectors・

i）Decreasein sea蝕・er，s qual摘Cationis equal toincreasing of hisnler
workload．Itmeansanincreaseinthefatigueandreducingthelevelofsafbty

aswellasthe．attractivenessofshippingindustry・

j）Non－COmPliancewiththerest－hoursrequiredbySTCW78andILO180，aS
wellasthelevelofsafbtyandsecurity，isoriginatedinMETinstitutions・For

example，WrOngandveryformalimplementationoflSOstandardsinMET
institutionsinlackofhumanreSOurCeS COuldresultininCreaslngOfpaper

workandpromotetheoutnowofteachingpersonnel五・Omthisbureaucratic

work．Initstumthispromotesthepossiblenon－COmpliancewiththeMET
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Standards，andfurthersuchhazardsblocktomeettheSTCW，ISM，ISPS，．．．
PrOVisions．

k）Oneofthereasonsofoverregulationinshippingindustryischeap，low

qual摘ed and often multinationalcrews・Using non－nativelanguagefor

COmmunicationonboardsh皐pandwhiletrainingandeducatingpromotesa

decreaseinprofbssionalskilllevelofseafhrers，atleastintheverybegimm1ng
Ofhis／hermaritimecareer．

1）Situationalaw竺eneSSisimpossiblewithoutseriouseducation，trainingand
maritimeexperlenCe．

m）Functionaloverlapinregulations（inacontextofmodel）givesessentiallya

SmallerwotkloadonaqualiBedcrew，thanOVerregulation・

n）Thefunctionalredumdancyinregulations（weusetheterminasenseof

functionalintegrationofregulations）operatestoimprovethereliabilityand

COnSistency ofthemifthe crew resources are notlower thanStandard．

lffunctionalredundanCyreaChesthelevelnotappropriatetocrewresources

（manning，Skill）then there comes the situation similartOimpact of
OVerregulation．

0）Educationandtrainingofhighlyskilledseafarers，Shorebasedcompany，s

PerSOnnelandshipinSpeCtOrSuSmganidenticalsystemofhighstandardswill

reducetheburdenonseafarersandraisethelevelofsafetyandindustry
attractivenessaswell．

p）Thehighabsolutevalueofwo止loadgradient（Figure2）ortaskcomplexity

gradient（shorttransitionalperiods）aremostdangeroustothesafetyand

SeCurityoftheship・Theseincludethehandoverofthewatch，thechangeofa

CreW，reducingorevenincreaslngthenumberof crew，neWregulations

enteringintoforce，aPPrOaChingandleavlngPOrt，increaslngOrreducingthe
SeCuritylevel…etC．
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Figure2：WorkloadcontourSandgradients．

q）Circlescovergradientvariationareas．Theyshowthelackofcoordinationin

di脆rentactivitiesinindustry，forexamPlewhennewregulationsentering

intoforce，theshipownerreducesthenumberofcrewanddegradesitsskill；

itmaybethesecuritydrillwhileloadingtheship，etC・

r）Increasingthecomplexityofthetaskisequivalenttodegradingthecrew
skill．
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S）Theconventional（standard）wofkloadlevelcontourisma止edonFigure2・

WecanObservetheareawhere“theunitworkload”isnotpossibleevenifthe

CreWissuperqual捕ed．

2．2EtTiciencyofISO，ISMandsimilarqualitymanagementsystemsapplied

accordingtoSTCWasamendedinMETinstitutiollS

Theprocessapproachhadbeenusedincreatingofthequestionnairedistributed
atthe2004IMLAConfbrenceinSt．Petersburg．ltwasbasedonamll point

Likertscale舟omO（fullynotsufncient）tolO（fu11ysufncient）．Weunderstood

thatretumcouldnotbegreaterthan10％ofatotalnumber・Therewere70

questionnaires spread among participants．Nineteen questionnaires were

retumed．Wecanextendotherprqiectsresults位omISMimplementationinthe

ShippingindustrytoQSimplementationinMETinstitutions・Themainweak

POintsfoundinshippinghavetoberigorouslysurveyedinthemarineeducation

月eld・Suchextrapolationbeingnotsotheoreticallypuremayleadresearchers

directlyto crucialpoints．SomeofthenegativeconsiderationsfoundinISM

implementation：

1，tOOmuChpaperwork；

2．voluminousproceduresmanuals；

3．irrelevantPrOCedures；

4．boughtofflthe－Shelfsystems；

5．nofbelingofinvolvementinthesystem；

6．tickingboxesinchecklists（Withoutactuallycarryingouttherequiredtask）；

7．notenoughpeopletoundertakealltheextraworkinvoIved；

8・nOtenOughtimetoundertakealltheextraworkhvoIved；

9．inadequatelytrainedpeople；

10．inadequatelymotivatedpeople；

11．nosupport録omthecompany；

12．noperceivedbene甫tcomparedwiththeinputrequired；

13．ismlSjustapaperworkexercise；

14．norespectfbrexternalauditors；

15．norespectforclassiBcationsocieties；

16．norespectforportstatecontrolinspectors；

17・nOreSPeCtfbrtheshoremanagementbytheseafarers；

18．norespectbrtheseafarersbytheshoremanagement・

Whatlessonscouldbelearned斤omthosenegative坑ndings？

ToanSWeritwehavetoorganizethemintogroupsandremoveitems，Which

arenotdirectlytiedwithMETqualityprocesses・

Theresultofgrouplngisthefollowlng：

・　PrOCeduresandmanualsunsatisfactory（1－413）；
・OVerloadofpersonnel（ottenwithoutextrapayment）（1，7，8，9）；
・lackofpre－trainingandqualityideasdisseminationthroughout（5，6，9L11）；

・lackofadequateresources（hancial，teChnical，etC）（11，12）・
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Allthefollowlngitemswerefoundinliteraturelaiddowninrandomorder

withOutanyconsecutiveexplanations，

●　Port state controIstatistics already shows asteadytrend ofcrewrelated

de坑ciencies，manyOfwhicharebasedonprevioustrainingexperience（or

lackofit）．

・　GeneraldeclineofmarineeducationinWestemEuropemayleadtoshiftof

education“centre ofgravity”to countrieswithinsu用cient adherenceto

e用Cientqualitysystems［2］．

●　LackofMET重nancialsupportinEUcountries［2］．

・　LackofbenclmarkdatatocompareQSresults．

●　Absenceoftheexperienceandknowledgeofqualityassurancesysteml3］，

・r Lackofcommitment＆omthetop【3］．

・　Negativeattitudeduetohazardousthoughtslike“we’vealwaysdoneitthis

Way－Whychanging”or’’IamtheexpertAIneednocontrol”［3］．

・　MeasurementofserviceiscompletelynewforMETl3］．

●　Adiffbrenceinacademicandmarineproficiencystandardsleadtopotential

PrOblemsduetopartialinconsistencyl5］．

●Inadequatefacilitiesandshortageofqua屈edteachingstafftocopewiththe

increaseddemandofcompetencestandardshadanObviousdamaglnge脆ct
Onthequalityofmaritimeeducationandtrainingl4］．

・　QualityStandardssystemitselfdoesnotguaranteethedepthandthewidthof

knowledge，understandingandpronciencyrequiredbytheinternationally

bindingregulationsl4］，

ConsideringtheTSMimplementationprocessandareasofdifncultyofthe
ShippingindustrysimilartothoseexperiencedbyMETinstitutions，Wehaveto
makesomeremarks：

Remarkl・Insufncientresourcesandinadequacyofresourcemanagementisa

COmmOnPlaceelsewhere．

Remark2・Traditionaleducation and training are mainprocesses ofMET．

Allsupportprocessesareo負enconsideredoflessimportance．

Remark3．QS certificationis sometimes moreimportant　for a market

achievementthantheactualqualityofMET．

Remark4・Asintheshippingindustry，thereshouldberesistanceagainstwhatis

PerCejved as another regulatory and paper burden．It maylead to wrong

PerCeptionofwaystoMETqualityachievement，WrOngreSOurCeSdissemination

andkeepingareasofrequiredimprovementoutofattentioniftheyarepositioned

withinsupportiveitems．

hdependentevaluationandselfLevaluationresultsrnadebyexpertgroupsin

the Russian Federation connrmed our assumptions both qualitativelyand

quantitatively．
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2．3Questionnaire

Ane担ensivesurveyamOngSeafarerswasglVentOSerVeaSabaseformode11ing・

Questionnaire“Sufnciency ofresourcesforperforming conventionalduties”

with86questionswasproducedwithintheframeofthisresearch・Morethan150

peopletookpartinthissurvey；allofthemareMasters，ChiefOfBcersorOOW・

SomeoftheresultsareglVenbelowindiagrams・

Thesediagramsprovethatreducedcrewsarecommonnowadays，aSmOStOf

theparticipantSemphasizethatthenumberofcrewmembersisinsu餌cientfor

safboperation・Additionalworkload，SuChassecuritydutiesunderISPScode，

makesthesituationevenworse・VeryoRentheseadditionaldutiesresultin

distractionofOOWfromhisnavigationalduties，COmPrOmisingsa危ty（FiguTe
3A），Overallworkloada脆ctsmaintenanceoftheshiptoo，aSthemoretimelS
spentfordi脆rentdutieslesstimeisleftformaintenanCeOftheship（Figure4B）・

DoyouhavesufficientnumbereG DoesthestrictcompHanCeWith
crewmembersforsafeoperationofyourship？　　Securityrequirementsaffectsafety？

Figure3：A．SafbshipoperationB・Securityandsafbty・

DoestheOOWhavetoperformotherfunctionS
duringhiswatch，besideshiswatchdutjes？

Doesthelatin9S VVO血loadaffect
technicalrTlaintenanceoftheship？

Figure4‥　A・00WdistractionB，Shipmaintenance・

TheintroductionofISMandISPSCodeledtoincreasedbureaucracy，eXtra

PaPerWOfk・

OneofthemostintriguingquestionsWaSaboutthefactorspreventingcrew

Fomcomplyingwithconventionalrequirements（Figure5）・ThemostcommOn
answers were：“Priority of records over actual complianceM and“under

mammg”．
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Howdidthenumberofcompulsoryrecordsand
additionaladministrativetaskchangewith

introduction ofISM andlSPS？

WhatfactorsjnyoLNOPlnionpreventyoufrom
COmPlylngWithconventionaJn∋quirements mostofall？

電‾l＿l＿＿遍
Figure5：　A・lSMandlSPSCodeB・Crewperformance・

2・41TImplemeJltationonboardVessels：CreWreSOurCeStudy

This part ofthe prqJeCtis devoted to analysIS Ofmodem navlgationalIT

innuenceoncrewworkloadandonthelevelofenvironmentalprotectionand

Safety at sea・Bayesian networks are used as aformalbackground fbrthe

Research．NewtechnologleSingeneralhavethemoste脆ctonthenumberof
CreWmembers，thejobprofHes，theworkload，thewotkorganizationonboarda

Ship，thesafetyonboardtheshipandthenecessityoftraining．SafbtyaspeCtSOf

newteclm010gleSappeartOhavecountereffbcts・Firstofall，neWteChnologleS
improvethesafbtyofshipping・Ontheotherhand，thedifEbrentjobfunctions

requlre mOre teClmical people withless operational shippingknowledge・
They might not respond adequately　in　an emergency situation．Indirect
relationshipsbetweencosts andnewteclm0logleS，Viahumanelement，COuld

appearinthreedif托rentwaysl6］：

●　neWteClmologyresultingmalowernumberofcrewmembers；

●　neWteChnologyresultinglnadiffbrentcompositionofthecrewwithother

Wagelevels；

●　neWteChnologyresultinginachangeof（OVertime）workinghours．

Itneedstobeevaluatedbyspecificinstrumentsduringtheirimplementation

intheoverallmaritimesector・TherehavebeenspecinctooIsbasedonBayesian

networksdevelopedforassessinghumanfactors，impactsontheimplementation

OfnewtechnologleS・¶lereSultsofanalyzlngthee脆ctsofITonthehuman
element，themainef稔ctsseemtobecausedbynavigationandcommunication

relatedteclm0logleS．

lncreasedautomationonboardtheshiphasresultedinashiRfromphysical
WO止demandtowardsmentalworkdemand，Mentalworkdemandisrelatedto

the perceptual－COgnitive demands of monitoring the teclmical systems・

Toomuchmentalworkdemandmayresultinfatigueandstressfortheseafarer．

Theuseofnewteclm010gleSOnboardshipsresultsinextratrainingneedsfor

thecrewmembersthathavetowo止withthesenewsystems・Thismeansthat

withregularintervalstheseafarerwi11beaskedtotakeacourse／trainingln

WOrkingwithnewtechnologiCalsystems．

Automationreducesthenumberofrepetitivetasksinajob，andmakesit

possible to perfom the same tasks withfbwer people・Because of the
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implementationofnewtechnologleSOnboardaship，di飽rentfunctionsare
increasinglybeingintegrated・Thismeansthatcrewrnembersmustbeableto

perform di晩rentjobsonboard．Tobeabletoperformdiffbrenttasks，the
crewmemberhastobemulti－Skilled．

2・5ImpactofinternatiotLalIrCglOtlalandnationalinstrumentson

navigationalsafbtyinrcstrictedwaters：BalticStraitsasparticularly

sensitivcseaarea－CaseStudyincludingcrewresources

Thispartoftheprqjectisdevotedtocrewresourcesinfluenceonnavigational

safbtyinthe Baltic Straits．Theincreaseinintemationalshipping activity

Stimulatesthe developmentofnewAssociatedProtectiveMeasures（APMs）・

Only the complex of measures could produce desired tangible results・

ThefollowingCrewResourCeSAPMswereemphasizedinthepr亘iect：

Sa鮎tycutture－Introductionofasatbtycultureonboardshipsshouldbea

long－termgOalofanyshippingcompany・Thisnotonlyenhancessafbtyof

navigationbutalsoreducesriskofoverallnegligenceandpoormaintenanceata

ratherlowcost．Moreover，itgivesagoodmotivationforcrewmemberstotake

anactivepartinSMSonboardship．

Simulatortrainirlg－ThetrainingasrequiredbySTCWisaminimum，anditis

furtherassessedthatimprovednavigatortrainingwouldhavepositivee飴cton

thesafbtylevelofthevPSSel・Anexampleofimprovednavigatortrainingis
advancedshipmanoeuvrlng，includingtralnlngOfcrisissituations，Whichcan

onlybedonesafblyinsimulators・ThetralnlngShouldbedonewithsimulatorsto

glVeareallifbandarea－SPeCificexperienceofthegivensituationsandthus

preparethenavigatorsincasetheyfaceasimilarincident・Forexample，Masters’

trainingforBaltic Straitspassagewithappropriate cert摘cation，reneWedat

regularintervals・

BRM侶TM／CRM－BRMisdesignedtoreduceerrorsandomissionsinbridge

operationsthroughasimplesystemofchecksanddelegationofduties・BRM

system emphasizes a coordinated effort among bridge persorlnelto ensure

smooth，efBcientandsafboperationofthevessel・Simi1arly，CrewResource

Management（CRM）is designedto ensTreteamWOrkandcooperationin
emergencysituationsofthedeckandenglneCreWS・Forcommunicationand

otherresponsibilitiesthatareconnectedtotheshorepersonnel，SuChtraining

shouldalsoincludekeyshoreperSOnnel．

ThesecondgroupofAPMsdealswithshorebasedactivities，SuChasVTMIS，

pilots，DGPS，andbuoyage・Themainjdeaofthisgroupistohcilitateship

handling process，either remotely via VTMIS or directly，by the pilot

（compulsorypilotage），enhancedpositioningaccuracy，facilitatepositioncontroI

－DGPS，additionalnavigationalmarks，buoys，TSS，eXtrarOuteingmeasures，

etc．Inotherwords，thisisakindofoutsourclngOfsomeshipdutiestoshore・

2．6ISPScodeasaBayesiannodeingeneralcrewworkloadstruCture

Resourcesinthisstudywerede血edasavailablehumanpoweronboardvessels・
Detai）ed model descriptions could befoundin proceedings ofthe same
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COnfbrencenamed’’ISPScodeascomponentofonboardresourcesinBayesian

Analysis叩・Themain鎖ndingisthatitishardlypossiblenowadaysto丘ndoneor

twoneweffbctivemeasures，Whichallowustoraisethelevelofsafttyand

SeCurityconsiderablyandtherefore，Onlythemostcomplexofsuchmeasures
COuldproducetangibleresults．Thecrewislimitedinnumberaswellasinother

resources；tOCOPeWithnumerousdutiesofncersshouldbemorecompetentand

tobeabletodomorethingswithinallocatedtime・Forexample，tOkeepship，s

Chartsfoliosupdated，aneXperiencedNavigationO用cerneedslesstimethanhis

less experiencedcolleague・WithunChangedcrew，anylnCreaSeinwo止load

implieshighercompetencyofcrewstobeabletocompletetheirdutiesintime．

Thebettertheeducation，thebetteristhesituationalawareness・Tnotherwords，

herewehaveadirectlinkbetweenISPSCodeandMET・CrewcompetencylS
themeasureofshipsafetyandsecurity．

3　Conclusion

ThepartoffindingsandresultsofthePrqiectisshowninthecorresponding

paragraphsandbecauseofeconomyofapapertheauthorsdonotseeanysense

intheirrecurrence・Howeverwewouldliketoemphasizetheimportantidea，

WhichhasbeenclearlyrealizedwhileexecutingthePrdect：

Aglobalizedshippingindustryisaverycomplicatedsystemconsistingof

manyintercorlneCtedactiveandpassivecomponents，Ofwhichactivitycould

resultinitsstableorunstablestate・Tostudyand‘tune，thesystembyrulesand

regulationsweneedtooIsandmodels．Toimplementa11theinstrumentSWeneed
resources，Otherwisethehighgoalswillneverbeachieved．Theseahreristhe

mostimportantactivecomponentinthissystem，WhichiswhytheroleofIAMU
inMETfieldcannotbeoverestimated．
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