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IsWorkReallyInnovated?:

Acasestudyonwork,workers'behaviour,andtheroleofskill

aftertechnologicalchangeamongJapaneseshipbuilders

YuzuruUtsunomlya

Abstract

Thepurposeofthisstudyistoexaminewhethertechnologicalchangeaffectsworkers'behav-

iourandtheroleoftheirskillsintheperiodofskillshortage.Twocharacteristicshipbuildersare

compared.Weconductedafieldsurveytocollectdataonworkers'worktimeuslngtheworksam-

plingmethodandinformationontheirworkthroughopen-endedinterviews.WeuseMANOVA

forthecollectedevidence.

TheresultsshowthattheeffectsoftechnologlCalchangedefinitelyexist.However,workers'

behaviourisnotaffectedbythechange.Theirskillforautonomousworkpersistsandcontributes

totheproductiontechnology.
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Introduction

ThepurposeofthisstudyistoexaminehowtechnologlCalchangeaffectsworkandwor-

kers'behaviourandtoinvestigatetheroleoftheirskill.

ControversyoverskillisoneofthemajoraspectsOfmanagementstudy,sociology,psychol-

ogy,andotherdisciplines.Therehavebeenmanysurveysandresearchesonthisaspect(Oster一

man,1985;Penn,1986;Attewell,1987;Form,1987;Zicklin,1987;Capperli,1994;

Lewis,1995;Agnew,1997;Leigh,1999).

Forexample,intheirsurveyonwageataprintingindustry,WallaceandKalleberg(1982)

notedthataftertechnologlCalprogress,decisionmakingandapprenticeshiphavenotbeen

necessary.Instead,authorityoverproductionmanagementhasbeendelegatedtomanagers.As

aresult,workers'skilllevelshavedecreased.Weshouldemphasizethatintheirarticle,theef-

fectoftechnologlCalchangeisestimatedtobedifferentbasedonthetypeofindustry.However,
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thescopeofsuchastudyshouldnotbesowide.Oliver(1982)summarizedpastresearchand

pointedouttheprobleminherentinthem.Accordingtohim,theconceptofskillhasfour

phases.First,itimpliestheabilitytosolveunexpectedproblems.Second,itimpliesaperson's

abilitytoworkindependently.Third,itimpliesaperson'sabilitytocompletehisownworkfirst.

Fourth,itimpliesamanwhoiscompliant.Accordingtothearticle,thesediversephasesofthe

conceptofskilldeJelopedfromtheusageoftheconcept.Vallas(1988)explainedtheissuein

thecaseofthetelecommunicationindustryuslngSpenner'sconceptandprovidingexamplesof

apparatus.Heconcludedthatfromthe1950stothe1980S,theskilllevelhasincreased.

However,afterthisperiod,adeskillingtendencyhasbeenobserved.

Inthiscontext,thecomponentsofworkers'skillhavebeenclarified.Forexample,Bright

(1958)mentionedthatskillconsistsofthefollowing12elements:physicaleffort,mentaleffort,

manlpulativeskill,generalskill,education,experimentation,exposuretohazards,undesirable

jobconditions,responsibility,decisionmaking,andinfluenceonproductivity.Basedonthese

concepts,hediscussedtheinfluenceofautomationonworkers'skill.Further,hegenerallycon-

cludedthatasautomationleadstoprogress,theworkers'skillleveldecreases.Spenner(1983)

summarizedthatthecharacteristicsofthecomponentsofskilledworkers'skillconsistoftwo

elements- 'autonomy-control'and'substantivecomplexity'.AccordingtoRolfe(1990),

skillconsistsofthefollowlngSixcomponents:thecomplexityoftasks,knowledge,rangeand

varietyoftasks,decisionmakingandjudgmentontheprocessorproduct,controlovertheor-

ganizationofwork,andsupervision.Cooke(2002)notedtheimportanceofmaintenanceskills.

Basedonasurveyonmaintenanceshopsinvariousindustries,thesuccessfuloperationof

machineseachoftheshopsareequippedwithisasourceofjobsatisfaction.

Inthecontextofthecontroversyoverskill,therelationbetweenvocationaltrainlngand

skillorthatbetweenamanager'sroleandskillhasalsobeendiscussed.Forexample,Katz

(1955)notedthatskillsconsistoftechnicalskills,humanskills,andconceptualskills.Theim-

portanceoftheseskillsisdependentonthepositionofworkers.Koike(1998)comparedthe

skilldevelopmentmethodatacarassemblyplantinJapanandoneinAmerica.Henotedthat

therearetwotypesofwork- ùsual'workand ùnusual'work.Theskilledworker'sroleis

tosolveanddealwithaprobleminthelattertypeofwork.

Inthecourseofthiscontroversy,theenvironmentofworkersandcompanieshaschanged.

Today,Wefaceaproblemcalledskillshortage.Thisproblemimpliesthatwecannotmaintaina

levelofhighlyadvancedskillinmaintenanceshopsduetotheretirementofskilledandelderly

workers.Duetothisprocess,theskill,know-how,andotherpreciousresourcesthatworkers

possessbecomeobsolete(Delong,2004;Dychtwald,eta1.,2006)･Asaresult,wecannot

maintaintherequiredqualityofproductsandsafetyintheworkenvironment.Infact,although

thisproblemappearstobeoverestimated(Watson,Webb&Steven,2006),theconditionin

someindustriesisserious.Forexample,Smith(2004)notesthatwithin15years,32thousand

peoplewillretirefromnuclearpowerplants,anditwillnotbepossibletomaintaintheprocesses
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thatperformimportantactivities.Therefore,asaresolution,trainingprogramsOrdatabaseson

skillshouldbecreated.Atawatersupplyindustry(01stein,2005),asimilarproblemhasoc-

curred.Themajorproblemwithregardtoskillisnotwhethertheskilllevelincreasesor

decreasesbuthowwetransfertheskills.

Inthisarticle,weinvestigateworkers'behaviourwhenskilledworkersdemonstratetheabove一

mentionedcomponentsofskilltopreservethem.

Method

Subjects

Weselectedtwoshipbuilders,Co.XandCo.Y,whicharelocatedinNagasakiPrefecturein

easternJapan.Co.Xisatypicalshipbuilderthatbuildssteelshipswiththemodularconstruc-

tionmethod.Ithas120employeesinall.Co.Xhasbeenbuildingsteelshipsforfisheries,inspec-

tion,andotheractivitiessince1952･Theycanbuildshipsupto700G/T(grosstonnage;

referstothesizeofships)andrepairupto1000G/T.Theyhavethefollowingsixsections:

sales,design,Steelworks,fitting,materialmanagement,andgeneralaffairs.Noworkers'union

exists.Co.Ymainlybuildssmallwoodenshipsthatareusedforregionalboatcompetitions,us-

1ngtheconventionaltechniquesofbuildingships.Inaddition,theyrepalrandremodeltheFRP

(fibreglassreinforcedplastics)fishingboatsallocatedtothem.Ithasthreeemployees.

Thereasonweselectedthesecompaniesassubjectsforthisstudyisthattheypreservethe

basicproductiontechnologylnadditiontoapplyingthelatesttechnology.Origlnally,shipswere

madeofwood.Aftertheinventionofsteelplatessuitableforships,Someshipbuildersbeganto

utiliseitasmaterialforthehull,mast,ladder,andothercomponentsofships.Simultaneously,

thesizeofshipshascontinuedtoincrease.Inaddition,Shipbuildershaveappliedvariousnew

productiontechnologleS,Suchasmodularconstruction,thatenablethemtobuildshipsmore

rapidlyandcontinuously,asinthecaseofautomobileassembly.Ontheotherhand,somesmall

shipsforcoastalfisheriesandotheractivitieshavebeenbuiltwithwoodbysmallshipbuilders.

Inaddition,duetothelackofappropriatewoodandskilledshipwrights,sincethe1960S,Some

shipbuildershavebuiltshipswithFRP.Assuch,whilesomeshipbuildershavewitnessedvari-

oustechnologicalprogress,otherscontinuetousebasicshipbuildingtechnology.Co.Xisatypi-

calcaseofthefor'mertypeofshipbuilder,andCo.Yisoneofthelattertypeofshipbuilder.In

thisstudy,bycomparingthesecompanies,Weinvestigatetheeffectoftechnologicalprogress

onwork.

Workandworkers'behaviourintheshipbuildingcompanies

Todiscusstherelationbetweentechnologicalprogressandwork,itisimportanttonotethe

characteristicsoftheshipbuildingprocessandthecharacteristicsofwork.First,wediscussthe

characteristicsoftheshipbuildingprocessandproductiontechnology.
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Althoughtheproductiontechnologyusedineachofthecompaniesappearstobedifferent,

theroleoftheshipbuildingprocessappearstobesimilarinthetwocompanies.Wecanclassify

thecharacteristicsasfollows.

1.Fabrication:

FabricationistheprocessofcuttingsteelorwoodplatesintopleCeSandshapingthemac-

cordingtodrawings.InCo.X,workersinchargeofthisprocessworkwithapressmachineand

usethelineheatingmethod.Itisamethodforbendingsteelplatesintoanappropriateshapeus-

1ngagastorchandwater.Inparticular,workersheatthesurfaceofasteelplateandcoolitwith

theabove一mentionedtools,suchasdrawlnglines;theythendeformthesteelplatealongthe

linesheated.Afterrepeatingsuchwork,theplatehasbeenshapedintoanappropriateform.

ThisworkrequlreSSkilledandexperiencedworkers.Inparticular,itisdifficulttodecidewhen,

where,andhowlongplatesshouldbeheated.Hence,Someshipbuildershavebeendeveloplnga

mechanizedtechnique(Iwasakieta1.,1975);however,manysteelshipbuilderscontinuetouse

theoldertechnique.

InCo.Y,workersinchargeofthisprocessworkwithhandsaws,tipsaws,jigs,fixtures,

andsometoolsformeasurement.Inparticular,workersdrawlinesonthesurfaceofwooden

platesandthencutthemwiththespecifiedtools.Inparticular,drawlngappropriatecurvesto

reducethewastageofmaterialisdifficult.SimilartotheprocessinCo.X,thisprocessrequlreS

highlyskilledworkers.

2･Assembly:

Assemblyinvolvestheassemblyofpartsshapedduringthefabricationprocessbasedon

thedrawlngS,andmountingthemintoaship.InCo.X,workersconstructblocksthatconstitute

themaincomponentsofships,andthenmountandweldtheminthedockyard.Thisprocessre-

qulreSgreataccuracy.Inaddition,tomakethehullwaterproofandensureitsintensityandat-

tractiveshape,workershavetoaccuratelylapthejointsaroundwhichblocksarewelded.Oc-

casionally,whenthejointsdonotlapasperthedesign,theyhavetoadjusttheshapearound

them.Ⅰnparticular,theyweldjigsandfixturesontheblocksinordertopushandpullthem

whileadjustingtheirposition.

InCo.Y,workersassemblepartsfabricatedduringthepreviousprocessintoahulluslnga

boatnail.Beforejointingthem,theyusethelapplngmethodtomakeitwaterproof.Inparticu-

lar,theysawtheclearancebetweentwoplatesbymeansofthinandhardbladesaws.Forthis,

concavityconsistsintheclearancearecut,andwecancontactthematingcontactsprecisely

andintegrallywitheachother.AccordingtoalltheshipwrightsatCo.Y,thisprocessisthe

mostdifficult.Duringthesurveyperiod,wehadanopportunitytoperformorhelpinsometypes

ofjobsconductedattheworkplace.However,theworkersdonotperformthelapplngprocess

conductedbyus.
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3･Outfitting:

Outfittingistheprocessofcreatingandsettingsomestructuresrequiredforvoyages.For

example,itincludesmountingmasts,funnels,bits,andotherequipment.Theplplngfor

hydraulicmachinesandpumpsisalsoincludedintheprocess.

4･SternFitting:

Sternfittingistheprocessofadjustingpositionandform.Inparticular,itinvolvesperform-

1ngadjustmentsbychipplngawaytheinsideofthesternframeandgudgeonbymeansofaspe-

ciallatheinventedforsuchwork.Theworkersassembletheseapparatusesforuseonlywhen

theyundertakesuchwork.Machineryworkersatmachinefittingshopsaremainlyinchargeof

thisprocess.Wecancertainlyregardthisprocessasapartofthemachineryfittingprocess.

ThisjobismainlyperformedatCo.X.Occasionally,workersinCo.Yperformsuchwork

torepairtheequlpmentdevelopedbyothershipbuilders.

5･MachineryFitting:

MachineryfittingistheprocessofmountingenglneS,pumps,andothermachinesinto

placeaccordingtodrawlngS.Partsorequlpmentarealsoprocessedbymeansofmachinetools

suchaslathesandmillingmachines.Meanwhile,peopleinchargeoffittingandthoseincharge

ofmachineryworksoccasionallycooperatewitheachother.Adjustingtheconditionandposi-

tionofmachinesavailableforuseisalsoanimportantfunction.Forexample,fittingand

calibratingthepositionofshaftsequlpplngboththemainenglneandreductiongearintoalineis

amajortaskthatworkersinchargeofthisprocessareengagedin.

Classifyingtheworkprocessbasedontheroleataskentails

Second,wediscussthecharacteristicsoftheworkprocessconductedduringeachofthe

above-mentionedprocesses.Inotherwords,Wedefineanddeveloptheperspectiveforexamin-

ingthem.AccordingtoKanawaty(1992),thisworkprocessinvolvesthefiveactivitiesmen-

tionedbelow:

1･Operation

ltindicatesthemainstepsinaprocess,method,orprocedure.Usually,thepart,material,

orproductconcernedismodifiedorchargedduringoperation.

2･Inspection

ltindicatestheinspectionforqualityandcheckforquantity.

3･Transport

ltindicatesthemovementofworkers,materials,orequipmentfromplacetoplace.

4.TemporaryStorageorDelay

ltindicatesadelayinthesequenceofevents,forexample,workpendingbetweenconsecu-

tiveoperations,Oranyequipmentthatislaidasideandforwhichatemporaryrecordisrequired.
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5･PermanentStorage

ltindicatesacontrolledstorageforstoringmaterialorfromwhichthesematerialsare

tramsportedundersomeformofauthorization,oran･itemthatisretainedforreferencepur-

poses.

SuchaperspectiveisdevelopedfromTaylor'sscientificmanagement(Taylor,1998)and

hasbeenimprovedbymanyfollowers.Currently,manyresearchersandpractitionersapplythis

perspectivetowork-relatedresearchandjobanalysis(BrannickandLevine,2002).

Byobservlngtheworkatthesecompanies,wecandevelopamodelonworkusingthe

glVenClassification.Inmostcases,theproductionprocessescommencewithtransportationac-

tivity.Forexample,thefabricatedpartsthatareusedtoconstructthehullaretransportedto

theshop.Similarly,thetoolsforperformlngWeldingonthedeckarealsotransported.Next,the

workersbegintheoperationactivityandfinally,theinspectionactivityiscompleted.

Weneedtoemphasizethefactthattheoperationandinspectionactivitiesformafeedback

loopprocessintheworkprocess.Tosatisfythespecificationsandqualitypresentedinthe

drawlngS,Suchasforms,length,tolerance,andotherconditions,workersrepeattheircalibra-

tionduringtheoperationactivity,uslnginformationfromtheinspectionactivity.Typically,

workerscannotfulfilthespecificationswithregardtoqualityatonetime.Inaddition,during

thisprocess,workersdonotonlyconsidertheprocessesandactivitiesbutalsoenvisagethe

formtobeachieved.Weassumethattheworkers'worktimeallocationinsuchafeedbackloop

processpresentsdataonworkers'behaviour.Further,whenweregardthetransportandin-

spectionactivitiesasatypeofpreparation,theworkprocessesconsistoftwoactivities,namely,

òperation'and p̀reparation',asshowninFig･1･Inshort,Wecanexamineandanalyze

thecharacteristicsofworkers'behaviourbymeasuringtheirtimeforoperationandprepara-

tion.Unexpectedly,thisprocessissimilartotheworkstudyconductedbyF.W.Taylor,the

fatherofmodernmanagementstudies.

Previous

stage
Feedbackloopfわrcalibration

Operation

_Inf_o_rQl_atjQnfe_e_dbac_k_

⊂=⊃ operation

Preparation

Figure1 Feedbackloopatwork
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Procedure

Sinceourmajorinterestisthebehaviourthatcanbeobservedbasedonthevariancein

worktime,Wemeasuredtheworktimeforoperationandpreparationactivities.Thiswasdone

withaviewtolong-termparticipationfromallworkers.AtCo.X,Weconductedworksampling

fromJuly2005toJanuary2006･AtCo.Y,weconductedsamplingfromMay2006toMarch

2007･Fromthesurvey,Wecollecteddataonworktimeandfactorspresentedbelowthatap-

pearedtoaffectthevarianceinworktime.

1･Company:

Itindicatesthecompanythatworkersbelongto.Thisfactorindicatesthedifferenceof

technologyusedforshipbuilding.TherearetwogroupsreferredtoasCo.XandCo.Y.

2･Stage:

Itindicatesthestagethatworkersareinchargeof.Thisfactorrevealsthedifferenceinthe

characteristicsofworkthatworkersperform.Asmentionedabove,therearesixgroups

referredtoas f̀abrication', àssembly', m̀ount', èqulpment', s̀tern',and

m̀achinery'･

3･Frequency:

Itindicatesthenumberoftimesthatworkersrepeatthefeedbackloop.Thisindicatesthe

difficultyoftheworkthatworkersundertake.

Simultaneously,weinterviewedworkersandmanagerswithregardtotheworkandtechnology

uslngtheopen-endedmethod.

Usingthecollectedevidence,WecarriedoutaMANOVAtoexaminewhetherthefactors

affecttheworktimevariance.FordetailsonMANOVA,seeHandandTaylor(1987).Weesti一

matedtheeffectofprocesschangeuslngtheinteractionbetweenthecompanyandstagefac-

tors.Beforeperformlngtheanalysis,duetothestatisticalassumptionofthemethodofanalysts,

Wetranslatedtheworktimebylogarithmictranslation.Forinformationonthistranslation,see

SokalandRohlf(1995).Weestimatedtheeffectofthechangeinworkers'behaviourusingthe

interactionbetweenthecompanyfactorandfrequencyfactor.FortheanalysisanddrawlngOf

graphs,weusedthestatisticalanalysisenvironmentR(Version2.5.0).

Results

TechnologlCalchangeanditsinfluenceonworkers

AsshownbytheNationalResearchCouncil(U.S.).CommitteeonNationalNeedsinMari-

timeTechnology(1996),theshipbuildingindustryhasexperiencedvarioustechnological

progressforseveraldecadesafterWorldWarII.Thishasalsochangedthenatureofwork.For

example,inCo.X,thenumberofworkersattheloftshophasdecreasedasaresultofadopting
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the2DCADsystem.Astheypurchasewoodenproductslikechairsandotherfurniturefrom

outsidevendors,thecarpentryshophasbeencloseddownandworkersintheshophavemoved

toothershops.Meanwhile,asnewequlpmentismounted,newtypesofworksuchassternfit-

tingandmachinefittingarerequired.Inaddition,duetothedevelopmentofleader,sonar,and

manytypesofelectronicnauticalinstruments,anewcategoryofworkershasemerged.Inpar-

ticular,inthisarticle,wenotethatprogressinthefabricationandassemblyprocessesindicated

belowappeartoaffectworkcharacteristics.

1.Fabrication:

Inbothwoodenandsteelshipbuilding,thisprocessentailsaheavyloadonworkers.Thisis

becausetheyareoccasionallyrequiredtocarrypartsorplatesfabricatedduringaprevious

processbyhandunderworkingconditionsthatareextremelyhot.Toresolvethisproblem,wor-

kersurgentlyrequlrePOWeredmachinetoolssuchashoistcranesorpressmachines.Inaddi-

tion,inCo.X,workersinvolvedinthisprocesshadformerlyperformedtheirjobsonlywiththe

lineheatingmethod.Asaresult,workersontheshipswereforcedtoworkunderextremely

hightemperatures,andtheuseofman-hourswasnecessary.Afterpressmachineswerein-

troducedinthe1990S,theuseofthemachinescanbecombinedwiththelineheatingmethod.

Asaresult,theworkloadhasdecreasedandproductivityhasimprovedduringthisstage.

InCo.Y,tipsawsandelectricplanershavebeenusedfor30years,inadditiontohandsaws

andhandplaners.Suchpoweredtoolshavebeenusedforcuttingwoodenplateswhoselength

exceeds10m.AworkerZinCo.Ysaidthefollowlng:

B̀yuslngthesepoweredtools,ourworkloadhasdecreased'･

2･Assembly:

Origlnally,Shipbuildersattachedorweldedships'hullplates,keel,frames,beams,and

otherpartsonthebuildingslip.InCo.Y,theycontinuetobuildshipsinthismanner.However,

asthesizeofshipsincreases,theactivitiesrequiredforassemblybecomemoredifficultbecause

agreatnumberofpartsareinvolved,anditisdifficulttocoordinatetheprocedureforassembly.

Blockconstructionisatechniqueforassemblingthehull･A b̀lock'impliesaunitormodular

thatformsapartofthehull.Beforeassembly,workersbuildtheblocksatanothersiteandpull

themontothebuildslip.Afterthis,theybuildblockstobuildaship.Byadoptingsuchamethod,

theycanbuildshipsjustlikeautomobiles.Theinventionandadoptionofthismethodcontribut-

edtothespeed,safety,effectiveness,andqualityofbuildingships.Asaresult,productivityhas

increaseddramatically.Terai,Kurioka,andTakeuch(1973)Statethatsuchamethodwasfirst

appliedtobuildaJapanesenavyvesselinWWII.Afterthewar,ithasbeencompletelydiffused

attheJapaneseshipyard.

Withthisprogress,theworkingconditionshaveimproved.Inparticular,blockconstruc-
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土ionundertheroof,whichisnotaffectedbyweatherconditions,notonlyimprovesproductivity,

quality,andtheaccuracyofproductsbutalsodecreaseworkers'loadandfatigue.Aproduction

managerBinCo.Xsaidthefollowlng:

B̀ecausewecanworkundertheroof,workersareprotectedfromrainfallandwind.Inaddト

tion,Wecanmaintainthedensityofcarbondioxidebrowtocovertheweldedareaandincrease
t

thequalityofwelding･

However,theeffectsofnaturalconditionspersistinbothCo.YandCo.Xastidalmovementaf-

fectstheprogressofproduction.InCo.Y,Woodenmaterialsareaffectedbythenaturalcondi-

tions,andworkershavetohandlethemcarefully.AworkerDinCo.Ysaidthefollowlng:

ẁithoutallocatingwoodenmaterialsforeachsideofthehullplateappropriately,theweight

ofthehullwilldiffer.Asaresult,thetransversebalancewillchange,thusmakingitunsuitable

fornavigation'･

AworkerCinCo.Xsaidthefollowlng:

D̀uringneaptides,Wecannotworkcomfortablyaroundthesternsectionbecauseseawater

coversthedockslip'･

Basedonsuchproductiontechnology,workersatthecompaniesmanagetheirprocesses

autonomouslyJndeed,inboththecompanies,thedrawlngSandinformationabouttheduedate

areprovidedtotheworkers.InprlnCiple,theworkersdevelopworkschedulesandprocessesto

createproductspresentedinthedrawings.Theypreparematerialswhileconsideringthework

process.Forexample,aworkerZinCo.YstatedthefollowlngWhilehewasworking:

B̀ecausethisplateisrequiredfortheoperationtomorrow,Ihavetodryi仁

Ifnecessary,workersimprovethemachinesandmakethejigsusedinthecompanies.Inall

theshopsinthecompanies,manytypesofjigsandfixturesareused.Bymeansofthesetools,

theycanperformtheirjobswithhighspeedandsafety.Notethatsometimes,thesameJlgSare

usedinthecompanies.Forexample,fortraclngtheformofthesurfaceonotherpleCeS,theyuse

apieceofthematerialsgatheredfromsomewhere.

Worktime

Fig･2Showsthetransitionsofthemeansofworktimeobservedinthetwocompanies.In

Co.Y,theworktimeforoperationactivityindicatesatendencytoincrease(Kendall'srankcor-
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relation,tau-0.297,p-value-0.02)･Theworktimeforpreparationactivityalsoindicatesa

tendencytoincrease(tau-0.109,p-value-0.38)･TheworktimesobservedinCo.Xindi-

cateadifferenttend.encyfromthatinCo.Y.Theworktimeforoperationtendstodecrease(tau

ニ ー0.227,p-value-0.08)asthefrequencyofthefeedbackloopincreases.Theworktimefor

preparationalsotendstodeciease(tau--0.404,p-value-0.002).However,notethatin

boththecompanies,attheinitialstage,theallocationofworktimeforpreparationislongerthan

thatforoperation.Inaddition,theworktimeforoperationisnearlyequaltothatforprepara-

tion.

Fig･3Showsthemeansofworktimeateachproductionstageobservedinthetwocompa-

nies.Accordingtothefigure,Wehavetonotethatchangesinworktimeallocationhaveoc-

curredatthreestages:fabrication,assembly,andmount.Inthecaseofthefabricationprocess

inCo.Y,themeansofworktimeforpreparationareshorterthanthoseforoperation.However,

inthecaseofCo.X,forthefabricationprocess,themeansofworktimeforpreparationarelon-

gerthanthoseforoperation.FortheassemblyandmountprocessesinCo.Y,themeansofwork

timeforpreparationarelongerthanthoseforoperation.However,inCo.X,fortheassembly

andmountprocesses,themeansofworktimeforpreparationareshorterthanthoseforopera-

tion.Therelationbetweenthetwoprocessesinthesecompanieshaschanged.Themajoreffect

oftechnologicalprogressappearstobeontheseprocesses,whichareregardedastheformer

processesofshipbuilding.

Fordescriptivestatisticsonworktimesortedbycompany,stage,andcontentofwork,and

thoseonworktimesortedbycompany,frequencyofthefeedbackloop,andcontentofwork,

seetheappendices.

Table1providesasummaryoftheMANOVAresults.Asseeninthetable,allfactorsare

significantatthe5%level.Theinteractionofcompanyandstage,whichrepresentstechnologi-

calchange,isasignificantfactoratthe5%level.However,theinteractionofcompanyandfre-

quencyofthefeedbackloop,whichrepresentsachangeinworkers'behaviour,lSnotSignificant

SummaryoftheMANOVAresults

Factor Df Pillai
Approx.

F
nunDf denDf p-value

Company

Stage

Frequency

Company*Stage
Company*Frequency
Residuals

1 0.052 24.953

1 0.089 44.491

1 0.021 3.928

1 0.037 17.358

1 0.001 0.593

908

2

2

2

2

2

907 2.808e-ll

907 <2.2e-16

907 5.43e-5

907 4.Ooze-08

907 0.553

TablelSummaryoftheMANOVAresults
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atthe5%level.

Conclusion

lnthepresentwork,surveysonworktimeandprocessmanagementhavebeenconducted

inthecaseoftwoshipbuilders,Co.XandCo.Y.Comparingworkers'worktimeandbehaviour

inCo.Y,whichusesconventionalproductiontechnology,withthoseinCo.X,whichusesad-

vancedproductiontechnology,WediscusstherelationbetweentechnologlCalprogressandwor-

kers'behaviour.

Inabout50years,Shipbuildershaveexperiencedmanyaspectsoftechnologicalprogress,

suchasmodularconstructionandautomatedwelding.Theimpactofsuchprocessimprove一

mentsonproductionmanagement,machines,andworkingconditionscanreducetheworkload

causedbytheworkingconditionssuchashightemperatureandheavymaterials.Efficiencyalso

appearstoincrease.Therelationwithregardtotimeallocationhasbeeninvertedbetweencom-

paniesuslngbasicproductiontechnologyandthoseuslngadvancedproductiontechnology.In-

deed,technologicalchangeaffectsworkers'behaviour.Table1showsthattheinteractionof

companyandstage,whichisregardedasafactorthatrepresentstheeffectoftechnologlCal

change,lSSlgnificant.

However,Wecannotconcludethatworkers'behaviourhaschangedasaresultoftechn0-

10glCalprogress.Accordingtotheresultsoftheinterview,workersinthesecompaniesplan

theirworkproceduresautonomously.Theyoccasionallyselecttheappropriatematerialsfor

theirjob.Concerningthefeedbackloopprocess,Table1showsthatthereisnosignificant

differencebetweenthetwocompanies.Processmanagementandimprovementbyworkersalso

remainunchanged.Inthesecompanies,theworktimeforoperationisnearlyidenticaltothat

forpreparation.

Tosummarize,technologicalprogresscertainlyhasanimpactonworkefficiency.However,it

doesnotaffectworkers'behaviourasweexpected.Autonomousworkandprocessmanage-

mentpersistaftertechnologicalprogress.Suchphenomenasupporttheconceptof àutonomy-

control',whichSpenner(1983)demonstratesasacomponentofskill.

Inthefuture,thenumberofindustriesorshopsobservedinthisstudywillbeincreased.Inpar-

ticular,Wehavetosurveytheshopsofshipbuildersthatbuildhugesteelships.Insuchshops,

theymayusemorehighlyautomatedandsophisticatedapparatus,suchastheCNClathe.Fur-

thermore,wehavetosurveytheabilityofsuchapparatusandtools.Inthispaper,weexamined

workers'behaviourfromtheviewpointofworktime.Itcontributestoastudyoftheeffectsof

technologicalchangefromperspectiveofman.Ⅰnthefuture,Wewouldliketostudytheimpact

oftechnologicalchangeonwork-notonlyfromtheperspectiveofmanbutalsofromthatof

machines.Moreover,theautomationscoreinventedbyBright(1958)willbeusefultous.
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Appendix1Descriptivestatisticsonworktimesortedbycompany,stage,andcontentofwork

(unit:S.notlogtranslated)

Co.X

Operation

n mln.max.mean median SD

Processlng 69 2 40 13.84

Assembly 123 5 555 84.43

Mount 188 2 164 31.71

Equipment 41 2 167 35.12

Stern 64 3 6840 674.80

Machinery ll1 3 586 91.84

12 8.46

78 71.29

21 33.71

23 43.12

34 1421.91

47 118.83

Preparation

Processlng

Assembly

Mount

Equipment

StelTl

Machinery

69 2 118 27.67

123 3 305 28.38

188 1 450 36.35

41 2 450 26.20

64 2 2721 260.33

111 5 920 158.62

20 25.93

14 49.32

15 60.04

12 69.10

34.5 470.66

85 189.50

Co.Y

Operation

n mln.Imax.mean median SD

Processlng

Assembly

Mount

Equipment

Stelll

Machinery

150 4

68 2

74 2

26 6

NA NA

NA NA

298 52.40

81 16.93

95 19.07

207 47.50

NA NA

NA NA

37.5 49.78

10 18.82

12.5 19.26

39.5 44.05

NA NA

NA NA

Preparation

Processlng

Assembly

Mount

Equipment

Stern

MachineⅣ

150 4 573 45.00

68 2 610 44.82

74 2 1115 92.46

26 4 517 48.15

NA NA NA NA

NA NA NA NA

25 69.10

20.5 81.78

36 168.55

18.5 101.00

NA NA

NA NA
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Appendix2Descriptivestatisticsonworktimesortedbycompany,stage.andcontentofwork

(unit:S,logtranslated)

Co.X

Operation

Stage n min. max.mean median SD

Processlng 69 0.69 3.69 2.42

Assembly 123 1.61 6･32 4･21

Mount 188 0.69 5.10 2.97

Equipment 41 0.69 5･12 2･95

steri 64 1.10 8.83 4.22

Machinery 111 1.10 6.37 3.71

2.48 0.69

4.36 0.67

3.04 1.02

3.14 1.16

3.53 2.24

3.85 1.37

Preparation

Processlng

Assembly

Mount

Equipment

Stern

Machinery

4

8

5

00

4

7

0

0
ノ
2

0ノ
ー

2

1

0

1

0

2

1

0

4

1

00

4

4

0

′0

7

4

5

4

3

2

2

2

3

4

∠U

2

00

つJ

7

7

8

7

7

5

7

つJ

2

2

2

2

3

4

7

2

1

1

1

2

7

7

1

1

0ノ
8

4

5

∠U

′0

7

′0

0ノ
0

0

0ノ
0ノ
l

′0

1

0

′LU

′LU

′0

0

1

0

0

0

1

0ノ
3

父
U
1

4

1

/LU

2

00

4

′0

1

1

1

1

Operation

Stage n min. max.mean median SD

Processlng 150 1.39 5･70 3･60

Assembly 68 0.69 4･39 2･37

Mount 74 0.69 4.55 2.58

Equipment 26 1.79 5･33 3･53

Stem NA NA NA NA

Machinery NA NA NA NA

Preparation

3.62 0.86

2.30 0.95

2.52 0.83

3.68 0.85

NA NA

NA NA

Processlng 150 1.39 6･35 3･30

Assembly 68 0.69 6･41 3･02

Mount 74 0.69 7.02 3.60

Equipment 26 1.39 6･25 3･02

Stem NA NA NA NA

Machinery NA NA NA NA

3.22 0.91

3.02 1.24

3.58 1.36

2.92 1.17

NA NA

NA NA
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Appendix3Descriptivestatisticsonworktimesortedbycompany,FC,andcontentofworkatCo.X

(unit:S,notLogtranslated;FCreferstothefrequencyofcontinuation)

Operation Preparation

FC n min.max.mean median SD mln. maX.mean median SD

1 58 3 2825 106.60

2 58 3 4215 126.24

3 58 3 3625 112.36

4 56 2 1900 77.98

5 48 2 2940 116.40

6 43 3 3900 189.91

7 38 3 6840 217.63

8 34 3 2240 121.65

9 30 3 480 71.47

10 23 2 1000 69.30

11 19 2 5370 315.26

12 19 2 270 45.58

13 14 3 295 79.86

14 日 7 709 116.64

15 10 7 241 76.80

16 10 6 420 114.90

17 7 7 190 78.86

18 7 5 242 81.00

19 7 7 112 66.43

20 6 24 163 72.50

21 6 4 1388 295.17

22 6 26 235 106.33

23 5 7 968 235.80

24 4 8 107 59.25

25 4 7 78 44.00

26 4 31 89 58.50

27 4 5 48 32.00

28 4 4 90 45.00

29 2 6 41 23.50

30 1 53 53 53.00

31NA NA NA NA

32 NA NA NA NA

29.5 372.51

31.5 550.62

25.5 475.61

22 261.88

27 425.66

29 663.42

19.5 1104.13

26.5 383.08

25 114.28

16 204.89

23 1224.47

21 65.16

26 99.04

40 202.45

37.5 79.18

64 136.14

81 61.73

83 83.20

68 44.93

62.5 48.83

91.5 538.24

82.5 79.53

86 410.97

61 41.45

45.5 33.93

57 26.35

37.5 18.89

43 35.79

23.5 24.75

53NA

NA NA NA

NA NA NA

1 1500 165.33

2 855 51.31

2 660 70.41

2 750 82.20

3 1020 60.38

3 463 52.14

2 545 69.68

2 360 47.74

2 680 65.27

2 380 53.04

2 1070 101.84

3 245 54.42

3 240 52.64

3 407 72.09

2 367 49.50

3 61 27.30

5 75 28.57

7 825 172.86

5 790 139.29

5 896 161.83

3 1190 215.00

2 2721 461.00

3 717 148.00

5 20 13.50

3 12 5.50

5 11 6.75

3 45 19.00

14 29 18.75

3 45 24.00

14 14 14.00

NA NA

NA NA

28 281.61

21.5 115.57

24 120.09

19 147.78

18.5 154.39

14 88.47

23.5 114.90

18.5 74.25

19 131.62

23 86.80

15 248.14

17 68.09

47.5 59.12

15 126.25

13 日2.25

25 21.75

16 28.83

21 297.26

32 288.18

13 359.89

25 477.73

▲7.5 1107.19

7 318.09

14.5 7.68

3.5 4.36

5.5 2.87

14 19.85

16 6.90

24 29.70

14 NA

NA NA

NA NA
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Appendix4Descriptivestatisticsonworktimesortedbycompany,FC.andcontentofworkatCo.Y

(unit:S,notlogtranslated;FCreferstothefrequencyofcontinuation)

Operation Preparation

FC n min.max.mean median SD mln. maX.mean median SD

135 4 148 29.77

2 34 3 218 36.88

3 30 2 207 31.80

4 29 2 208 37.90

5 29 5 298 49.90

6 25 3 95 27.52

7 22 2 120 40.50

8 18 2 146 28.28

9 13 2 188 38.54

10 11 3 45 17.36

ll 10 3 59 23.30

12 7 5 159 55.29

13 7 14 166 59.43

14 7 10 107 42.14

15 6 10 87 29.00

16 5 7 40 18.00

17 4 5 110 48.25

18 4 13 58 32.50

19 3 10 35 18.67

20 3 24 67 43.00

21 3 6 60 33.00

22 2 14 50 32.00

23 2 13 42 27.50

24 1 155 155 155.00

25 1 68 68 68.00

26 1 75 75 75.00

27 1 5 5 5.00

28 1 61 61 61.00

29 1 16 16 16.00

30 1 260 260 260.00

31 1 45 45 45.00

32 1 75 75 75.00

21 29.93

21.5 43.29

18 39.42

29 42.46

30 64.53

15 25.01

31 32.25

19 33.77

25 50.95

10 15.36

19.5 20.23

40 56.18

43 52.27

16 42.41

20 28.93

15 13.40

39 47.39

29.5 20.92

日 14.15

38 21.93

33 27.00

32 25.46

27.5 20.51

155NA

68NA

75NA

5NA

(llNA

16NA

260NA

45NA

75NA

6 665 134.46

2 1115 74.97

3 136 34.27

2 192 37.66

4 553 66.41

4 218 36.08

2 573 60.91

3 95 29.94

5 81 31.38

4 359 56.73

5 95 37.20

8 180 44.29

10 33 15.29

15 46 25.86

25 211 75.83

8 50 21.40

10 311 90.25

13 62 27,25

4 79 33.67

8 75 44.33

10 37 27.33

2 21 11.50

18 22 20.00

127 127 127.00

37 37 37.00

22 22 22.00

30 30 30.00

10 10 10.00

48 48 48.00

60 60 60.00

28 28 28.00

35 35 35.00

80 150.31

28.5 190.92

23 32.43

18 46.41

20 144.27

18 53.23

26.5 日8.70

22.5 26.58

17 27.98

17 102.34

32 29.41

18 61.67

10 8.56

20 12.35

33.5 76.00

17 16.77

20 147.35

17 23.26

18 39.88

50 33.86

35 15.04

ll.5 13.44

20 2.83

127NA

37NA

22 NA

30NA

10NA

48NA

60NA

28NA

35NA
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Appendix5Descriptivestatisticsonworktimesortedbycompany,FC,andcontentofworkatCo.X

(unit:S,Logtranslated;FCreferstothefrequencyofcontinuation)

Operation Preparation

FC n min. max.mean medi.an SD min. max.mean median SD

1 58 1.10 7.95 3.38

2 58 1.10 8.35 3.48

3 58 1.10 8.20 3.38

4 56 0.69 7.55 3.17

5 48 0.69 7.99 3.41

6 43 1.10 8.27 3.64

7 38 1.10 8.83 3.20

8 34 1.10 7.71 3.46

9 30 1.10 6.17 3.28

10 23 0.69 6.91 2.93

11 19 0.69 8.59 3.34

12 19 0.69 5.60 3.04

13 14 1.10 5.69 3.57

14 11 1.95 6.56 3.94

15 10 1.95 5.48 3.77

16 10 1.79 6.04 3.89

17 7 1.95 5.25 3.99

18 7 1.61 5.49 3.72

19 7 1.95 4.72 3.82

20 6 3.18 5.09 4.ll

21 6 1.39 7.24 4.37

22 6 3.26 5.46 4.41

23 5 1･.95 6.88 4.21

24 4 2.08 4.67 3.74

25 4 1.95 4.36 3.42

26 4 3.43 4.49 3.99

27 4 1.61 3.87 3.18

28 4 1.39 4.50 3.34

29 2 1.79 3.71 2.75

30 1 3.97 3.97 3.97

31 NA NA NA NA

32 NA NA NA NA

3.38 1.43

3.45 1.29

3.24 1.27

3.09 1.26

3.30 1.38

3.37 1.38

2.97 1.48

3.28 1.41

3.22 1.46

2.77 1.39

3.14 1.69

3.04 1.31
I
3.26 1.40

3.69 1.25

3.60 1.19

4.03 1.55

4.39 1.09

4.42 1.44

4.22 1.12

4.13 0.65

4.51 1.92

4.41 0.81

4.45 1.82

4.09 1.15

3.69 1.ll

4.01 0.48

3.62 1.06

3.74 1.36

2.75 1.36

3.97 NA

NA NA NA

NA NA NA

0.00 7.31 3.75

0.69 6.75 3.ll

0.69 6.49 3.26

0.69 6.62 3,24

1.10 6.93 3.08

1.10 6.14 2.96

0.69 6.30 3.30

0.69 5.89 2.97

0.69 6.52 3.04

0.69 5.94 3.05

0.69 6.98 3.13

1.10 5.50 3.21

1.10 5.48 3.47

1 .10 6.01 3.09

0.69 5.91 2.64

1.10 4.11 2.88

1.61 4.32 2.91

1.95 6.72 3.90

1.61 6.67 3.54

1.61 6.80 3.10

1.10 7.08 3.48

0.69 7.91 2.94

1.10 6.58 2.60

1.61 3.00 2.45

1.10 2.48 1.52

1.61 2.40 1.85

1.10 3.81 2.37

2.64 3.37 2.89

1 .10 3.81 2.45

2.64 2.64 2.64

NA NA

NA NA

3.33 1.74

3.07 1.22

3.18 1.42

2.94 1.50

2.92 1.23

2.64 1.38

3.16 1.38

2.91 1.37

2.94 1.54

3.14 1.43

2.71 1.61

2.83 1.35

3.86 1.ll

2.71 1.57

2.54 1.46

3.ll 1.08

2.77 1.02

3.04 1.73

3.47 1.68

2.39 1.98

3.22 1.95

2.01 2.55

1.95 2.28

2.60 0.67

1.24 0.66

1.70 0.37

2.28 1.33

2.77 0.33

2.45 1.91

2.64 NA

NA NA

NA NA
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Appendix6Descriptivestatisticsonworktimesortedbycompany,FC′andcontentofworkatCo.Y

(unit:S,logtranslated;FCreferstothefrequencyofcontinuation)

Operation Preparation

FC n min. max. mean median SD min. max. mean median SD

1 35 1.39 5.00 2.94

2 34 1.10 5.38 3.07

3 30 0.69 5.33 3.01

4 29 0.69 5.34 3.08

5 29 1.61 5.70 3.39

6 25 1.10 4.55 2.93

7 22 0.69 4.79 3.35

8 18 0.69 4.98 2.83

9 13 0.69 5.24 2.93

10 11 1.10 3.81 2.47

ll 10 1.10 4.08 2.70

12 7 1.61 5.07 3.41

13 7 2.64 5.11 3.76

14 7 2.30 4.67 3.31

15 6 2.30 4.47 3.08

16 5 1.95 3.69 2.68

17 4 1.61 4.70 3.32

18 4 2.56 4.06 3.31

19 3 2.30 3.56 2.75

20 3 3.18 4.20 3.67

21 3 1.79 4.09 3.13

22 2 2.64 3.91 3.28

23 2 2.56 3.74 3.15

24 1 5.04 5.04 5.04

25 1 4.22 4.22 4.22

26 1 4.32 4.32 4.32

27 1 1.61 1.61 1.61

28 1 4.11 4.11 4.ll

29 1 2.77 2.77 2.77

30 1 5.56 5.56 5.56

31 1 3.81 3.81 3.81

32 1 4.32 4.32 4.32

3.04 1.00

3.07 1.08

2.89 0.95

3.37 1.15

3.40 0.99

2.71 0.92

3.43 0.97

2.94 1.05

3,22 1.35

2.30 0.96

2.89 1.09

3.69 1.31

3.76 0.90

2.77 0.98

2.98 0.76

2.71 0.71

3.49 1.37

3.30 0.70

2,40 0.70

3.64 0.51

3.50 1.19

3.28 0.90

3.15 0.83

5.04 NA

4.22 NA

4.32 NA

1.61NA

4.11 NA

2.77 NA

5.56 NA

3.81 NA

4.32 NA

1.79 6.50 4.42

0.69 7.02 3.25

1.10 4.91 3.12

0.69 5.26 3.04

1.39 6.32 3.12

1.39 5.38 2.98

0.69.6.35 3.34

1.10 4.55 3.02

1.61 4.39 3.04

1.39 5.88 3.22

1.61 4.55 3.27

2.08 5.19 3.20

2.30 3.50 2.62

2.71 3.83 3.16

3.22 5.35 3.96

2.08 3.91 2.85

2.30 5.74 3.48

2.56 4.13 3.09

1.39 4.37 2.88

2.08 4.32 3.44

2.30 3.61 3.16

0.69 3.04 1.87

2.89 3.09 2.99

4.84 4.84 4.84

3.61 3.61 3.61

3.09 3.09 3.09

3.40 3.40 3.40

2.30 2.30 2.30

3.87 3.87 3.87

4.09 4.09 4.09

3.33 3.33 3.33

3.56 3.56 3.56

4.38 1.04

3.35 1.35

3.14 0.96

2.89 1.ll

3.00 1.21

2.89 1.05

3.28 1.20

3.11 0.93

2.83 0.96

2.83 1.21

3.46 0.95

2.89 1.08

2.30 0.46

3.00 0.45

3.51 0.89

2.83 0.70

2.93 1.57

2.83 0.71

2.89 1.49

3.91 1.19

3.56 0.74

1.87 1.66

2.99 0.14

4.84 NA

3.61NA

3.09 NA

3.40 NA

2.30 NA

3.87 NA

4.09 NA

3.33 NA

3.56 NA


