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Abstract

This study analysesthe navigator’S eye movement on the navigation bridge

Simulator．Themainobjectiveofthisstudyisto負ndthediffbrencesbetweenthe

Sea eXperiencelevel and educationallevel to evaluate the navigator’s sea

experience；this by　坑xation points　in　the ship－handling simulator．A

measurementdevice（“EMR－8”）isusedforrecording？yemOVementS・Thereare

threekindsofexamineegroups，eaChgrouphas4examlneeS．

Grouplis2ndclass，deckdepartmentstudentswhohaveupto2．5months

SeaeXperienceonboardtrainingasacadet．Group2is4thclass，deckdepartment

Studentswhohaveupto12months．Group3isocean－gOlngmaSterSWhohave

di脆rentexperiencesasmasterorchiefofncer．Thesamescenariowasusedby
eachexaminee．Thevisualfieldwasdividedintothreepartsinside，OutSideand

Others．Sign摘cantresults，aS Shownbelow，WereObtainedbythecomparison

Withdiffbrencesamongthegroups．

In Groupl，the examinees paidless attention to sailing．They had a

remarkab）e dif托renceinfixation durationbetweentheinsideandthe outside；

their且xationdurationfor“otherplaces”wasmuchlongerthantheothergroups，

andtheyhadverylittleexperienceinusingtheinsideequlPment．lnGroup2，the

examineesshoweddiffbrencesincapabilitiesasanavigationofncerwhichcould

be based on their sea experience and educationalprogram．h Group3，the

examineeswereprofbssionalseafarers，SOtheywereal）letopaymoreattention

toallkindsofnavigationalinformationsuchastargetShipsornavigationalaids・

Thestudyshowsthatseaexperienceasaseafareroracadetcouldbeevaluated

byuslngtheeyemarkrecorderutilizingtheship－handlingslmulator・
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l Introduction

NavigationtechologyhasbeenrapidlydeveloplnglnreCentyearS．The貢xingof

POSitionandthehandlingofshipsaremoreeasilydonethanbeforebecauseof

information technologyl1，2］．This study　analyses　the navigator’s eye

movements andusesthe same environmentalconditionsfor carrylng Outthe

Same Simulator scenario．The main objective ofthis studyis to血d the

dif稔rences between the sea experienceleveland educationallevel，and to

evaluatethenavigator’sseaexperiencebyviewlngPOintswhenuslngtheship－

handlingsimulator．

2　Experimentalstudy

Ameasurementdevice“EMR－8”wasusedforrecordingtheeye－mOVementSOf

examineesattheIstanbulTechnicalUniversityMaritimeFaculty（lTUMF）Ship

HandlingSimulator．Theexamineesweredividedintothreegroupsaccordingto

theirexperiencelevels．EachgrouphadfoureXamineesatITUMFl3］．

Figurel：　EMR－81nstrumentl5］・
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GroupIwas2ndclassdeck・departmentstudentswhohadupto2・5monthssea

experienceonboardtrainingascadets・Group2is4thclass，deckdepartment

Studentswhohadupto12monthsseaexperience・Group3wasocean－gOlng
masters who had di脆rent sea time as either master or chief officer．All

examinees were equippedwiththe EMRr8instrument，anditwas the same

scenari00fpasslng through theIstanbulStrait，Turkey・The EMR－8had a

recordingunit，Whichcouldrecordalltheareaslookedatbytheexamineesand

witheye－marks・20，000rawdatawasobtainedforeachexamineein10minutes・

FigurelshowshowtouseEMR－8duringexperimentalstudies・Theleftside

ofthefigureisthemainpartofEMR－8usedforcalibrationandsynchronization

witheyemovements．Therightpartofthe旦gureishumaninterfaceofEMR－8

whichisusedforrecordingbotheyemovementsandlookingarea・Theapparent

screen，Whichrecordsdatabyhumaninterface，isonthelowersideofFigurel・

2．1AmalyZimgmethod

Thevisual貢eldwasdividedintothreeparts：inside，OutSide andothers・The

HinsideHparthadthreecomponents‥instruments，indicatorsandenginetelegrapht

TheHoutside”parthadthreediffbrentcomponentstheseacondition，naVlgational

aidsaroundthenavigableareaandtargetships・HOthersHmeansallmeanlngless

imagesandsaccadeofeye－mOVementS・TheirviewlngPOintsanddurationswere

recordedbyacontinuousweavlngSightlineontheimagepICture・Therawdata

wastabledbyuslngthe“鉦amebyfiamemethod”・

Tablel：　Tabledby“Framebyframe”methodl4］・

l嘘曲も 開・．＿触 ・冊撃．■二軍軍．こ
．£よ■∴ 鋤

封：85二芝田

．8日二85：52

【ほ：ロ辰5毒

68こ851：彗誰

ロ8：85二盟 ▲‥　′一一一ゝ

闇：B■E淵：Ⅰ

【ほ：86こ已2

【娼：【遁泊柴

Everycellshowsl／30persecond，andcolouredcellsshowthedurationof

lookingperiodto航xationpointsintheexperimentalstudies・

3　Results

Table2，Figure2andFigure3showaremarkabledifFbrenceintheuslngOf
nauticalinstrumentsbetweenGrouplandtheothers・MembersofGrouplused
thenauticalinstrumentSlessthanothers．ThereisalsoabigdifEbrencewithin

Grouplbetweenthemembersuseofnauticalinstruments・Butconversely，there
ismorehomogeneitywithintheothergroups・Groupllookedto“otherMplaces

morethantheothers．
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Table2＝　　Percentageanddurationofexamineestofixationpoints・

lN引DEPART OUT引DEPART

nautjcmS、indiCatOrteはgraphnさV．Aidst8rget ＄ea Other 1NSIDE OUT81DE

GROU円．1 7181 449 0 523 123 1675 2102 12053 7630 2321

59，58％3，73％OIOO㌦4，34％1．02％13，90％17†44％100．00％76，68％23，32％

GROUPl．2 877 146 80 1971 988 引53 2440 11655 1103 8112

7，52％ 1、25％0，69％16，91％8，48％44．21％20，94％100．飽％日，97㌔88ナ03％

GROUPl．3 981 492 954 624 290 10402 688 14431 2427 11316

6、80％3，41％6，61％4．32％2，01％7乙08％4，77％100．00％17466％82，34％

GROU円．4 6281 648 354 654 355 1842 1835 11969、07283．00 2851，0

52．48％5，41％二，96㌔5，46％2，97％15，39％15、33％用0，00％71▲87％28．13％

GROUP21 4795 206 0 1628 458 3892 298 11269 5001 5970

42．55％1t83％0．00％14．45％3，99％34，54％2－64％100，00％45，58％54，42％

GROUP2＿2 6320 631 0 980 378 2704 988 12001 6951 4062

5之66％5，26％0，00％8．17％3，15％22．53％8，23％100，00％63，12％36，88％

GROUP2．3 6438 1272 0 654 124 3235 224 11947 77用 亜13

53．89％10，65㌔0，00％5，47％1，04％27，08％1，87％用0，00％65、77％34－23％

GROUP2．4 7703 1071 0 71 0 2349 536 11730 8774 2420

65．67％9、13％0．00％0，61％0、00％20，03％4，57％100．00％78．38％21，62％

GROUP31 4588 34 0 883 2587 3601 488 1ユ181 4622 7071

37，67％0，28％0，00％7，25％21．24％29．56号も4，01％180，00％39，53％60，47％

GROUP3．2 4458 492 0 1329 714 4415 271 11679 495Cl 6458

38，17％4，21％0，00％11，38％6，11％37，80％2，32号も100，00％43，39％56，61％

GROUP3．3 6960 34 9 1574 655 894 2366 12492 7003 3123

55，72％0，27％0，07％12，60％5．24％7，16％18．94％100，00％69、16％30，84％

GROUP3－4 4477 1306 0 2276 194 2778 1053 12084，0 5783 5248

37，05％用，81％0，00％18．83％1，61％22，99％8．71％100．00％5乙42％47，58％

GROUPl 31，59％3，45％2，56％7．76％3．62％38．40％1丸62％100．00％37，66％62，34％

GROUP2 53，69％6，72％0，00％7，17％2，05％26．04％4，33％100．00％68143％39，57％

GROUP3 ヰ二，15％3．89％0．02％12，52％8，55％24，38％8，50％100，00％46J0％53，90％

GROUPl
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Figure2：　Percentage ofGroupl members，fixation duration offiⅩation

pomts．
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Figure3：　Percentage ofGroup2members’丘xation duration of Bxation

pol血S・
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Figure4：　Percentage ofGroup3members’nxation duration of丘Ⅹation

points．
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Figure5：　Percentageofgroup’saverage重xationdurationof重xationpoints・
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ThefiXationdurationtoonepointinGroup2islongerthanGroup3，andGroup

2’snxationdurationtoinsidepartsislongerthanothergroups．

ThefixationdurationtotargetshipsandnavigationalaidsinGroup3ismore

thanin other groups．The diffbrence betweeninside and outside offixation

durationinGroup3islessthaninothergroups．

4　Consideratiom

Sign浦cantresultsareshowninFigure6．Theauthorsobtainedthecomparisons

betweenthegroups．

AsforGroupl，Whowereallbeginners，theexamineespaidlessattentionto
Sailing．Theyhadaremarkablebigdi飽renceofnxationdurationbetweenthe
“inside”and“outside”．Their重xation duration of“otherplaces”was also so

muchlongerthanintheothergroups．AIsotheyhadlittleexperienceinuslng

insideequlPment．

AsforGroup2，theexamineeshadintermediatecharacteriSticsasnavigation

Ofncersbetweenprofbssionalsandbeginners．Theirdifftrencesincapabilitiesas

anavigationo用cershouldbebasedontheirseaexperience’andeducational

PrOgram．They had moderateknowledge ofthe use ofinstruments，and not

enoughexperience，SOtheirfixationdurationtotheinstrumentSWaSlongerthan

in the profbssionalgroup．Asfor Group3，eXaminees ofthis group were

PrOfbssional，SOtheypaidmoreattentiontoallkindsofnavigationalinformation，

target ships，and navigational aids and alike．Their丘xation duration of

instrumentS WaS the shortest of all because they had knowledge ofand

experienceinuslngtheinstruments．

併　　　1掛　　　重態　　　30　　・柵　　　鈴　　　蘭　　　7秒　　　西亜

Figure6： Percentageofexaminee’S甫xationdurationsbetween“inside”and

HoutsideHarea．
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InFigure6，reddepictstheaverageofthegroup’S丘xationdurationbetweenthe

“inside叩and“outside”area．Bluedepictsthedi飴rencebetweenthedurationof

theinsideandoutsideareaexamineebyexamineeforeachgroup．Remarkable

dif鞄rencescanbeseenbetweenthedi脆rentgroupsinthisfigure．

5　Conclusiom

Experienceandeducationallevelsplayanimportantroleoneyemarknxation

pointsand且xationduration・Themoreseae不perienceincreasesattentiononthe

NavigationBridge．Lowereducationallevelandlittleseaexperiencedecrease

theuseofnauticalinstrumentS．Themoreseaexperiencedecreasesthe丘xation

durationofone重xationpoint，Finally，SeaeXPerienceasaseafareroracadet

obtainedbyactualonboardexperiencecanbeevaluatedbyuslngtheeyemark

recorderwhenuslngtheship－handlingslmulator．
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