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ABiomechanicalMethodtoEstablishaStandardMotionandIdentibT  
CriticalMotionbyMotionVhriability：WithExamplesofHighJump  

●            andSprintRunnlng  

MichiyoshiAe，YuyaMurakil），HiroyukiKoyama，2）andNorihisaFtjii  

Abstract  

This paperproposes abiomechanicalmethodto establishstandardmotion as theaveraged  

motionpattemofski11edperfbrmersandaconcepttoidentifycriticaltechnicalpointsusingmotion  

VariabilitylneXamples魚omthehighjumpandsprintrunnlng・Acomparisonofthestandard  
motionsoftakeofffbrhighjumpersrevealssomecharacteristics ofelitemaleandfbmalehigh  

JumPerS．Observationsofstandardmotionsfbrmalesprintersidentifies somecharacteristics of  

SuPeriorspnnters，SuChastheappropriatefbrwardleanofthebody，1argearmswlngmOtion，andthe  

kneeandanklejolntSOfthesupportleg，Whicharenotfuuyextendedatthetoe－Off．Thecoefncient  

Of－variationofthedistalsegmentstendstobegreaterthanthoseoftheproximalsegments．This  

SuggeStSthattheproximalsegrnentsarelnOreirnportantandcriticalthanthedistalsegrnents．1t  

isconctudedthatthemethodandconceptproposedinthisstudycanbeappliedtocreateamotion  

PatterntemPlatefbrgoodsportstechniquessothatthestandardmotionandmotionvariabilitycan  

beusedtoidentifythecriticalpoints，1imitingfhctors，andtechnicalfaults・   

Keywords：Standardmotion，mOtionvariability，SPOrtSteChniques，lnOtionanalysis  

1．JNTRODUCTJON   

WewillBrstobservetheperfbrmanceandmotionsof  

Su切ectathletesandwi11thencompareth巳irtechniques  

andmotionswiththoseofsuperiorathletesasthe  

modeltoimproveandoptlmizethosetechniques．We  

wi11thenevaluateanddiagnosethesu切ectathletes  

techniquesandmotionsandidentifytechnicalfhults  

Orlimltlngfhctors．Finally，WeWi11attempttoteach  

himorhertomodifyhisorhertechniqueandmotion  

throughapproprlatetrainlng．Theessentialbutmost  

di撒cultstepsinthisoptimizationloopal●eevaluation  

anddiagnosisofthemotionandidentincation of  

teclmicalfaultsandlimltlngfactors．   

Thisprocessis魚・equentlyreftrredtoastechnique  

analysISin sport biomechanics；the concept of   

technicalanalysISislesswelldeveloped．Themethods  

Oftechnique analysishavebeencategorizedas  

qualitative，quantitative，andpredictive，l叫Qualitative  

techniqueanalysISischaracterizedbyobservation，  

evaluation，anddiagnosis・Theoptlmizationloopof  

SPOrtSteChniquesmentionedaboveisrepresentative  

Ofa qualitative technlque analysIS．The other  

approach toqualitativetechniqueanalysIS uSeS  

deterministic modelofperformance，Whichwas  

proposedby＝ayandReid・5）Thisapproachisbased  

Onatheoreticalmodelandtheresult－1imitingfactor  

relationships，Which aredeterminedbystatistical  

analysIS．Theirblockdiagrammodelhasbeenused  

toidentifyperfbrmance－relatedfactorsinvarious  

SPOrtSteChniques；however，thedifnculties ofthis  
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approacharethatitdoesnotclarifythedesirable  

motionpatternSOfsportstechniquesanditisdi氏cult  

toapplythisapproachtosometechniquesinball  

games．Quantitative technique analysis relies  

onbiomechanicaldatacollectiontoidentifykey  

techniquevariablesthatafftctperfbrmance，Which  

arepoorlydistinguishedfromothervariablesthat  

a飽ctperfbrmance．AquantitativetechniqueanalysIS  

maybeidealfbrdetailedevaluationanddiagnosis  

ofsomepartofasportstechnique，butitistime－  

COnSumlngandmaybeunsuitablefbrid？ntifyingthe  

Characteristicsoftheoverallbodymotionpattern．A  

predictivetechniqueanalysisbasedonmodelingand  

COmPuterSimulationtechniqueshasgreatpotentialfbr  

investlgatlngandpredictingtheidealmotionspecific  

toeachathlete．Thepredictive techniqueanalysIS  

developsandprogressesveryquickly．However，We  

haveencounteredsomedifficultyindeterminingthe  

approprlateObjective氏1nCtionsanddecisioncriteriato  

estimateidealandsuitablemotionsandhavenotyet  

reachedourgoal．Whileintegrationandcooperative  

useofthesethreeapproacheswouldbemoste能ctive  

inteaching andcoaching sports techniques，they  

havenotyetbeenfu11ydevelopedintheliterature  

andresearch，muChlessinthe蔦eldofteachingand  

COaChing．  

1tiswellknownintheteachingandcoachingfields  

thatthe負rststeptolearnlngandimprovlngSpOrtS  

techniquesistoimitatethemotionofsuperior，Skilled  

Perfbrmers as atemplate ofmodelperformance．  

Teachers and coaches ffequentlyadopt amodel  

technique oratemplate ofmodelperformance  

approachinwhichsequentialpICtureSand蔦guresof  

anoutstandingathleteorski11edperfbrmerareused  

as the motionpatternmodel．Thisapproachhas  

SOmelimitations；theremaybemotionvariability  

eveninamodeltechniquethatcanbeattributedto  

thecharacteristicsofthemodelathlete，andthereis  

nofirm，ValidbasefbrdetermlnlngmOdeltechnique  

Oridealfbrm．However，We Can OVerCOme these  

limitationsifwepreparesomeappropriatemotion  

PatternmOdelsfbrsportstechniques．Themotion  

PatternmOdelforteachingand coachingsports  

techniquesisnotalwaystheidealmodel・Theaverage  

OrStandardmotionpatternissufncientfbrpractical  

uSe．   

Thereis variabilityln any SequenCe Ofhuman  

motion．Reduced variability，l．e．COnSistent  

repeatabilityofamotion，isoneindicatorofaski11ed  

athlete．The motion variability describedinthe  

literature3・617）isrefbrredtoasintra＿individualmotion  

Variability．Inter－individualmotionvariabilityshould  

bethefbcusintechnique analyses，Particularlyln  

evaluationanddiagnosisofsportstechniques，Since  

Sma11motionvariabilityinaglVenbodysegment  

Observedamongskilledperformersindicates that  

the performers move their body segments in a 

Similarpatternandthatthemotionpatternthatthey  

useisacriticaloneinthattechnique．Incontrast，  

SubstantialmotionvariabilitylnaSegmentmOtion  

patternindicatesthatthereareslgnincantvariation  

andpersonaldifftrencesamongperfbrmers，Which  

canbe attributedtothe characteristics oftheathletes．  

Therefore，investlgatinginter－individualmotion  

Variabilitymayprovideanewapproachtoevaluation  

anddiagnosisofsportstechniques，Whicharethemost  

importantstepsintechniqueanalysIS．   

One attemptto average themotion pattern of  

SuPeriorplayerswasmadeinastudyofthevo11eyball  

spike・Hashiharaetal・4）usedathree－dimensional  

directlineartransformation method to average  

the three－dimensionalcoordinates ofthe body  

Segmentendpoints ofskilledvolleyballplayersthat  

Wereengagedinofncialworld－levelgames．They  

normalized the three－dimensionalcoordinates ofthe  

Segmentendpointsbytheplayerslbodyheightsand  

the times elapsedinthemovementphases ofthe  

VOlleyballspikebefbreaveraglng，uSlnganOrmalizing  

andaveraglngteChnique・112）whiletheyrevealedthe  

averagespikemotionpattemandseveraljointangle  

Changesinaspikeandprovidedvaluableinfbrmation  

forunderstandinghowskilledvolleyba11players  

SPikeaba11，theydidnotconsiderordiscussmotion  

Variability，andtheycouldnotextendtheconceptto  

evaluationanddiagnosisofsportstechniques．   

We reviewed literature on technique analysis 

andconsideredtheaccessibilityandapplicability  

Ofbiomechanicaldatato aqualitativeanalysISOr  

OPtlmizationloopofsportstechniques．Theconcept  

Ofastandardmotion associatedwiththeconcept   
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Ofmotionvariabilitywi11provideuswitha new  

approachtotechniqueanalyses．Theobjectivesof  

thisstudyweretopresentamethodfbrestablishing  

Standardmotionasamotionpatternmodelbasedon  

biomechanicalanalysesofskilledperfbrmersandto  

PrOPOSeaCOnCePtfbridentifyingcriticaltechnical  

POintsusingmotionvariabilitybymeansofexamples  

fromathletics．  

2．METHODS  

2．1EstablishingtheStandardMotion   

Theproceduretoestablishthestandardmotionis  

dividedintothreebasicsteps，aSfbllows．  

Stepl：Collecttwo－andthree－dimensionalcoordinate  

dataofthebodysegmentendpointsofskilled  

Perfbrmersduringtheperfbrmanceofsports  

techniquesinexperimentsituationsoro臨cial  

competitions using ordinary data acquisition 

techniques such as cinematography，  

Videography，andanautomaticmotiondata  

CaPturlngSyStem．  

Step2：Normalize coordinate data relative to a  

referencepoint，SuCh as thewholebody  

CenterOfgravltyOrthesuprasternale，by  

anthropometricvariables，i．e．bodyheights  

Ofthe performers andthe time elapsed  

duringeachmovementphase（supportphase，  

PreParationphase，fbrward－SWingphase）．  

Step3：Averagethenorrnalizedcoordinatedata．The  

Standardmotioninthisstudyistheaveraged  

motionpatternofsportstechniques．  

These steps canbe expressed bythe following  

equations．  

ri（王Ri－  

r∫＝R′－R岬  

nrf＝  

JJ  

∑nr  

り        手＝ノ十∴                         J7  

〝  R＝＿ 〃  

RJ＝rf＋R′ア  

Where Rlis the coordinate vector ofpointi  

normalizedtothephasetime，7Pistherefbrencepolnt，  

nr，isthevectornormalizedtobodyheight，riisthe  

meanvector，RIPisthemeanvectoroftherefbrence  

polnt，R，isthemeannormalizedcoordinatevector，  

Histhebodyheight，iisthepolntnumber，jisthe  

Subject，andnisthenumberofsamples．   

Thereareseveralcalculationtechniquesfbrsteps  

2and3・Oneofthemistonormalizeandaveragethe  

POSitionvectorsthatconnectthesegmentendpoints，  

Whichcanbereferredto as thesegmentvector  

technique・Thistechnlquehastheadvantagethatthe  

Calculatedpositionvectorsandthedirectioncosines  

that express directionalinformationofthebody  

SegmentSCanbeusedtocalculatemotionvariability，  

asdescribedlater．However，1tisoftencumbersome  

todefinesegmentvectors，andinvestlgatOrSmayhave  

tomodifytheircomputerprogramstobemotion－  

by－mOtionspec沌c・Forexample，OneeXaminermay  

intendto establishthe standardmotionofthewhole  

bodyrunnlng，Whileanothermaybeexaminlngthe  

Standardmotionofbaseballbattlng，lnCludingthebat  

andba11・Forthepurposesofthisstudy，Wedescribe  

thetechniquetonormalizeandaveragecoordinate  

data・Thisisreftrredtoasacoordinatetechniquesince  

itiseasiertouseandapplytovariousmotionsthanthe  

SegmentVeCtOrteChnique．  

2・2CalculationofMotionVariability   

Thereareseveralindicatorsofmotionvariability．  

Ferrarioetal．3）introducedthecoe僅cientofvariation（＝  

Standarddeviation／mean＊100；hencefbrth，CV）asan  

indicatorofmorphologicalvariation．Winterll）employed  

themeanCVofanensembleaveragenormalizedtothe  

Strideperiod．However，theCVshouldnotbeusedfbr  

Variablesthatincludeanegativevalue；aZerOdivision  

PrOblemarisesifitisapplied・Hatze6・7）proposedthe  

transentrophyfunctiontodetermineandcompare  

themotionvariabilityofpositionandveloclty．His  

transentrophy function soIved the zero division  

PrOblembyuslngaSixthofthemaximumrangeof  

COOrdinatesandmaximumvelocitiesofthesegment  

endpointsasthedenominatorinhisequationinstead  

OfthemeanintheusualCVequation．However，  

noresearchersusedhistransentrophyfunctionafter  

hispaperswerepublished．ThismaylmPlythatthe  

transentrophyfunctionwascomplicatedanddifBcult   
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thatchangebetweenpositiveandnegativevaluesand  

crossazeroreftrence，SuChasthesegmentangleand  

velocity．WemodifiedtheCVequationtocalculate  

theCVofthedirectioncosinesofthebodysegments  

tosoIvethisproblem；WeCallitthemodifiedCVorm  

C【′1  

touseinvarioustypesofhumanmotionandthatthe  

useofthemaximumrangeorvelocityisnotalways  

appropriateasadenominatortoexpresstheextent  

Ofvariation．Therefbre，WedecidedtousetheCVto  

expressmotionpatternvariabilityandsegmentand  

JOlntangles，Withamod捕cationtoresolvethezero  

divisionproblem．   

TheCViscalculatedbydividingthestandard  

deviationbythemean．Figurelpresentsanexample  

Ofthemeanandstandarddeviationrange ofthe  

directioncosineinthexdirectionandthe CVofthe  

directioncosinefbrthethighofthetakeofFlegduring  

ahighjumptakeof［Althoughthedirectioncosine  

andstandarddeviationrangechangedsmoothlyand  

CrOSSedazeroreftrence，theCVsuddenlyroseatthe  

ZerOCrOSSlngPOints．Thisistheresultofviolatingthe  

StatisticalprlnCiplethattheCVshouldnotbeusedfbr  

Variablesthatincludeanegativevalue．However，We  

鮎quentlyencountervariablesinsportbiomechanics  

且D  

∑（町＋2）／〃   

Here，SDisthestandarddeviation，Dqisthedirection  

COSine，Nistherlumberofsamples，andvalue2isthe  

rangeofdirectioncosine，1．e．±1．1tispossibleto  

substitutevaluelfbrvalue2．  

Figure2i11ustratesthechangeindirectioncosineand  

mCVofthesamedataasinFig．1．Thefigurereveals  

thatuseofthemCVeliminatedtheacutechangeson  

theCVcurveandtheunrealisticCVandisapproprlate  

asanindicatortoexpressmotionvariability．  
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Fig．2．Changesinthedirectioncosineandthe  

modifiedcoefBcientofvariationfbrthethigh  
Ofthetakeoffleglnahighjump．  

Fig．1．Changeinthedirectioncosineinthex  

directionandthecoefRcientofvariationfbr  

thethighofthetakeofrleglnahighjump．  

3．RESU工JSANDDISCUSSION  

3．1StandardMotion   

Figure3depicts the standard motion ofthe  

highjumptakeoffthatwasestablished録omthree－  

dimensionalcoordinate datafbrworld－Classmaleand  

fbmalehighjumpers．Thesedatawerecollectedatthe  

3rdworldChampionshipsinAthletics（Tokyo，1991）  

uslngadirectlineartransfbrmationtechnique．Afbw  

difftrences can be observedin the takeoff．motions  

betweenmaleandfemalehighjumpers．Themale  

jumpersusedatypicaldouble－armSWingintheRrst  

halfofthetakeofFphase，inwhichbotharmsarein  

thebackpositionatthetouchdownandthenswlng  

downwardandupward．Thefemale」umPerSuSed  

asemi－doublearmswlng，inwhichthearmonthe  

OPPOSitesideofthetakeoff1eglSin舟ontofthebody   
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Fig．4．Standardmotionsestablishedfromcoordinate  

dataofelitemalesprlnterS．  
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3・2VariabilityofMotionPatternandIdentifying  

Critical一指chnicalPoints   

WerecognlZethatvariabilityexistseveninnrmly  

StereOtypedmotionsandthattherewillbeindividual  

di穐rencesamongskilledperfbrmers．Therefbre，a11  

thebodysegmentmotionsthatappearinastandard  

motionarenotalwayscomplete，firm，anddeterminate．  

Weexaminedthestandardmotionsofvarioussports  

and some biomechanicalvariables and fbund that  

SOme body segmentsandvariablesexhibitedlow  

Variabilitywhileothersvariedsignificantly．Figure  

5depictsthechangesintheCVofthe」Ointangles  

duringahighjumptakeoff．Figure6summarizes  

thevariabilityusingtheaveragelnOdifiedC拍ofthe  

directioncosinesn）rthebodysegmentsandsome  

JOlntanglesduringahighjumptakeo任TheCVofthe  

Shoulderjointangleonthesideofthe丘eeleginFig．  

5isgreaterthantheanglesofthelegs，andtheCVof  

thetakeo仔1egkneeissmallerthanthoseofthefi・ee  

leg．ItisnoteworthythattheC掩ofthetakeoffand  

trunkinFig・6areslna11erthatthoseofthearmSand  

丘eeleg．Thisimpliesthatthemotionsofthetakeoff  

legandtru11ktendedtobesimilaramongelitemale  

highjumpers，althoughasimpleobservationoftlleir  

Performancesrevealedthatthetakeofflegmotion  

di蝕red氏■OmJumpertOjumper．   

Thus，theCVsofthedistalsegmentstendedtobe  

greaterthanthoseoftheproximalsegments．Thismay  

beinterpretedtoindicatethattheproximalsegments  

are moreimportant and criticalthan the distal  

SegmentS．Italsosuggeststhatcoachesandath1etes  

intechniquetrainlngShouldpaymoreattentiontothe  

motionsoftheproximalsegments，althoughtheyare  

noteasilyobservedbythenakedeye．  

3．3InterpretationofLargeMotionVariability   

Fig，3．Standardmotionsestablishedfromcoordinate  

dataofelitemaleandfヒmalehighjumperS  

atthetouchdown．ThefemaleJumPerSSWungtheir  

freelegwithadeeplynexedknee，Whilethernale  

JumperSSWungtheirfreelegln amOreeXtended  

mannerintheBrsthalfofthetakeofflAcomparison  

Ofthe standardmotions ofthe takeoffenabled us to  

identifysomecharacteristicsofelitemaleandfbmale  

highjumpers．   

Figure4showsthestandardmotionofmalesprlnterS  

establishedftomsevenworld－ClassmalesprlnterS，  

includingLewisandBurrel（bothftomtheUSA）and  

Fuwa（Japan）．WecanobserveSOmeCharacteristics  

OfsuperiorsprlnterS，SuChasanapproprlatefbrward  

leanlngOfthebody，largearmswlngmOtion，andthe  

kneeandanklejolntSOfthesupportlegnotbeingfu11y  

extendedatthetoe＿Ofr机   

ThesemotionpatternS，illustratedbystick蔦gures  

inFigs・3and4as examples，aPPeartO reSemble  

OurCOnCePtOfgoodtechnlqueOrgOOdfbrm．This  

indicates that the standard motion can be used as a  

Standardvalueofagoodmotionpattemoratemplate  

Ofmodelperformance．In addition，the standard  

motioncanbeusedtoidentifycharacteristicmotions  

for various athlete groups by comparing their  

techniqueswiththestandardmotions，aSdescribedfbr  

themaleandfbmalehighjumpers．Thevalidityand  

reliabilityOftheobservationandevaluationprocesses  

inan optlmizationloop or qualitative technique  

analysISWOuldbediminishedwithoutthesestandard  

andaveragedmotions、  
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Fig．6．AveragecoefBcientsofvariationofthe  

directioncosinesfbrthebodysegmentsand  
thejointanglesduringahighjumptakeoE  

の  川  コO jO  40  5r） 6の  70  甚0  90 10D  
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Fig・5・Changesincoe昂cientsofvariationfbrthe  

jointanglesduringthetakeofFphaseofahigh  
jump：（Knee－FL，kneejointofthe駐eeleg；  

Knee－TL，kneejolntOfthetakeoff1eg；Sho－  

FL，ShoulderjolntOfthe丘eelegside．   
COefEicients．Thisindicatesthatthevariabilityof  

theseJOlntSdidnotafftcttheperfbrmanceverymuch  

andthatindividualdi飽rencesmaybeallowable．In  

COntraSt，thethighofthe丘eelegandtheankleofthe  

takeofflegappeartobeimportantbecauseoftheir  

SmallCV．Aninterestingresultwasobtainedinthe  

fbotangleofthesupportleginthesprlntinFig．10，  

WhichyieldedalargeCVandhighnegativecorrelation  

COefRcient．Thisindicatesthattherewasasigni五cant  

di飽renceinfbotmotionamongtheelitesprintersand  

thatthefastersprinterstendedtonotextendtheirankle  

JOlntSaSmuChduringthesupportphase．Thisfinding  

ispartiallysupportedbytheresultsobtainedinan  

investigationofworld－ClasssprlnterS・＄）   

4．CONCLUDINGREMARKS   

Thispaperproposedabiomechanicalmethodto  

establishastandardmotionastheaveragemotion  

PattemOfskilledperfbmlerSandaconcepttoident喝′  

CriticaltechnicalpointsuslngmOtionvariability  

Obtained魚・OmeXamPlesofhighjumpsandsprint  

runnlng．Weconcludedthatthemethodandconcept  

PrOPOSedinthis studycanbeappliedtocreatea  

motionpatternternPlatefbrgoodsportstechniquesso  

thatstandardmotionsandmotionvariabilitycanbe  

usedtoidentifycriticalpoints，1imitingfactors，and  

tecb皿ical払uIts．   

However，therearesomeproblemsandlimitations  

toberesoIvedinthemethodsproposedinthisstudy，  

SuChasappropriatenumberofsamplesrequiredto   

TherearetwopossibleinterpretationsofalargeCV．  

AsizeableCVmaybeattributabletosomeindividual  

di飴rences，andmotionvariabilityofsegmentswitha  

largeCVmaybetrivialandtolerableinthetechnique  

inquestion．The otherinterpretationis that the  

SegmentSandvariableswithasubstamialCVrepresent  

limitingsegmentsandfactorsoftheperfbrmance  

underexamination．Onemethodtoidentifywhich  

interpretationismoresuitableforaspecincsports  

techniqueistocalculatethecorrelationcoe餌cients  

betweenthevariableswithalargeCVandapproprlate  

Perfbrmanceindicators，SuChasthejumplngreCOrd，  

takeoffvelocity，andhorizontalvelocityofthecenter  

Ofgrav吋duringasprint．   

Figures7and8illustratechangesinthecorrelation  

COefficients ofsegment andjoint angles to the  

Perfbrmanceindicatorsfbrthehighjumpandspnnt．  

Weusedtheverticalvelocityofthecenterofgravity  

atthe toe－Offfbrthehighjump andthe average  

horizontalvelocityinonerunningcycle（twosteps）  

asperfbrmanceindicators．Thecorrelationcoe餓cient  

intheseexamplesataslgnificancelevelof5％was  

O．755．Figures9andlOpresentschematicsummaries  

OftheCVBandcorrelationcoe昂cientsofthesegment  

andjointanglestotheperfbrmanCeindicators．The  

kneejolntOfthe斤eelegandtheshouldersfbrthehigh  

JumPinFig．9revealedalargeCVbutlowcorrelation  
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Fig．7．ChangesincorrelationcoefBcientsof－the  

thighanglesofthetakeo仔and＆eelegsand  

therightshoulderangleoppositethetakeoff  

legtotheverticalvelocityofthecenterof  
gravityattoe－0ffinahighjump：FL，the丘ee  

leg；TL，thetakeofFleg；R．shoulder，theright  

shoulder．  

Fig．8．Changesincon・elationcoefRcientsofthe  

Segmentanglesofthesupportlegtothe  

averagehorizontalvelocltyOfthecenterof  

gravltylnOneSPrintcycle．  

Supportlegmotionofm¢n’s sprintrunnlng  TakeofFmotionofmen’s highjump  

Foot（neg．）  

Knee，FL  
Shoulders  

Thigh，FL  
Ankle，TL   

Ankle，FL  
Knee，TL  
Thigh，TL  

Shank  
Thigh  

Knee  
Sl10ulder  

Fig．10．SchematicsummaryoftheCVsand  

COrrelationcoe餓cients（r）ofthesegmentand  

JOintanglestotheaveragehorizontalveloclty  
Ofthecenterofgravityinonesprint．  

Fig．9．SchematicsummaryoftheCVsand  

COrrelationcoefncients（r）ofthesegmentand  
jointanglestotheverticalvelocityoFthe  

Centel・Ofgravityattoe－0ffofahighjump：FL，  

the丘eeleg，；TL，thetakeoⅣ1eg；R．shoulder，  

therlghtshoulder．  

establishthestandardmotion，thclevelsofperfbrmers  

tobeused，howtodividethemotionpattemofasport  

technique，i．e．intoonewholephaseorthreetypical  

Phases（such as preparation，aCtion，andfollow－  

through），andwhetherthesampleusedisnormally  

distributed．Thenormaldistributionassumptionof  

SamPlescannotalwaysbesatisfiedbecauseofthe  

1imitationsofthetime－COnSulnlngandcumbersome  

dataco11ectionprocess，Whichmaybeinherentin  

anymotioncapturemethod．Therefore，uSeOfa  

nonparametric statisticalmethodto calculatethe  

motionvariabilityisrecommended，i．e・thelSLand3rd  

percentiles，quartiledeviation，andquartileCV19）   

Future studies into standard motion and motion 
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3）FerrarioVF，SfbrzaC，MichielonG，MauroFand   

MianiA（1995）‥Morphologicalvariationanalysis：   

anewmethod to quantify therepeatability of   

SPrtaCtions．CoachingandSportScienceJournal   

l：29－36．  

4）HashiharaY，AeM，YokoiT，Is叫imaS，KotouT   

andShibukawa K（1988）：Akinematic studyon   

VOlleyba11spikingbythe use ofnormalization   

and averaglng teChnique．Jap．J．Phys．Educ．   

33：20l－210．  

5）HayJG andReidJG（1982）：Theanatomicaland   

mechanicalbasesofhumanmotion．Prentice－Hall，   

NewJersey，PP．261－278・  

6）HatzeH（1986）：Motionvariability－Itsdennition，   

quantification，and orlgln．JMotor Behavior，   

18：5－16．  

7）Hatze H（1995）：The extended transentrophy   

functionasausefu1quantinerofhumanmotion   

Variability．Med．Sci．SportsExerc・27：751－759・  

8）ItoA，SaitoM，SagawaK，KatoK，MoritaMand   

OgisoK（1994）：Biomechanicalanalysisofworld   

topsprinters．（Ed．）SasakiH，KobayashiKandAe   

M（In）Techniquesofworldtopathletes．Baseball   

MagazineCo．，7bkyo，PP．31－49・  

9）Tchihara K（2002）：Statistics for Bioscience．   

Nankohdo，7bkyo，P．148．  

10）LeesA（2002）：Technique analysisin sports：   

a criticalreview，JournalofSports Sciences   

20：813－828．  

11）WinterDA（1984）：Kinematic andkineticpatternS  

inhumangait：Variabilityandcompensatingefftcts・   

HumanMovernentSciences，3：5l－76．   

Variabilitywillprogressasfbllowsinanattemptto  

丘ndsolutionsfbrthequestionscitedabove・  

＊Thestandardmotionwi11beinstalledinasystemfbr   

qualitativeanalysISOranOPtlmizationloopofspol●tS   

techniquesasabiomechanicalmotiondatabase，in   

which teachers will use various standard motions 

acomparatororamodelfbrlearnerSandstudents，   

dependingontheirski111evels・  

＊Thesystemcanfurthercontributetothetheoryand   

practiceofteachingandcoaching，withthehelpof   

COmPuterSimulationtechniquesanddatafbedback   

technology．  

＊There shouldbe severalsets ofstandardmotionsso   

thatvariouslevelsofperfbrmerscanusethemto   

Optlmizetheirsportstechniquesdependingontheir  

individualski11levels．  

＊The standard motion willevoIve with anincrease  

inthelevelofsportstechniques oflearners and   

athletes．   

Thepartofthispaperwaspresentedatthe16Lh  

CongressoftheInternationalSocietyofBiomechanics  

in1997andthe16thannualmeetingofTheJapan  

SocietyofSportMethodologyin2005．  
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