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A迅iomechamicalMe仙od紬qⅦanti秤Motiomわeviatiomim   
抽eEvalⅦatiomofSports甘如hmiquesuslmg地eExampleofa  

Basketball Set Shot 

MURAmKazutakal），AEMichiyoshi，UCHIYAMAHarukiandFUJIINorihisa  

Abstract  

Theevaluationanddiagnosisofthetechniquesofaclientandtheidentificationoftechnicalfhultsare  

essentialbut di瓜cult stepsin the optlmizationloop・The purpose ofthis paperis to propose a  

biomechanicalmethod to quantifymotion deviationin the evaluation ofsports techniques，uSingthe  

exampleofabasketballsetshot・Themotiondeviation魚・OmaStandardmotionwasquantinedbyaz  

SCOre・Theideaofuslngtheweightedzscoreisintroducedtodemonstratetheimportanceofthemotion  

deviation・Themotionusedasasamplewasabasketballsetshotthatwasperfbrmed bvtwenty－Six  

氏maleplayers魚●OmaVarSityclub．Twenty一員vesegmentendpointswereobtainedwithaVICON612  

SyStemWithninecamerasoperatlnga‡120Hz． Fif［eensegmentangles，includingelbowandkneeJOlnt  

angles、WereCalculatedinthisstudy，aJldthecoe疏cientofvarianCeOfthesegmentandjointangleswas  

Calculated．Thezscorewascalculatedasanindexofmotiondeviation，andtheweightedzscorewas  

introducedbasedonthehypothesisthatamotionwithsma11mCVallowslessindividualdifrtrenceinthe  

motion．Thisisimportantbecausemostofthesu切ectsperfbrmedasimi1armOtiontosoIvethemotiontask．  

Them年iorresultsobtainedwerethat（1）themCVcanbeusedtodetectcriticalpointsofsportstechniquesニ  

（2）thezscorecanbeusedtoquantifydeviationsofaspecificplayer丘omthemodelteclmique；and（3）the  

Weightedzscorecanbeusedtoidentifyaclient’stechnicalfaultsandcorrectionpoints．  

Keywords：Standardmotion，mOtionvariability，mOtiondeviation，SpOrtSteClmiques．  

1．INTRODtJCTION   

We first observethe performanCeand motions of  

Subjectathletesandthencomparetheirtechniquesand  

motionswiththoseofsuperiorathletesasamodelfbr  

improvlngandoptlmizlngthosetechniques．We仙en  

evaluateanddiagnosethesu句ectathletes’techniques  

andmotions andidentifytechnicalfaults orlimitlng  

factors．Finally，We attempt tO teaCh the athlete to  

modi抒his or her teclmique and motionthrough  

appropnatetrainlng・Aeetal・1proposedamethodto  

PrOvide a standard motion as an averaged motion  

Patternfbr ski11ed perfbrmers，Which can then be  

appliedtocreateamotion－PattemtemPlatefbrgood  

SPOrtS teClmiques．Standard motions and motion   

Variabilitycanbeusedtoidentifycriticalpointsand  

technical臨皿1ts．   

Theessentialbutmostdi餌cultstepsintheabove  

Optlmizationlooparetheevaluationanddiagnosisof  

thetechniquesoftheclient，aStudentathlete，andthe  

identincation oftechnicalfaultsandlimitlngfactors．  

Althoughvarious methods have been proposed and  

used to evaluate sports techniques，One Ofthe most  

打equently used methodsis to comparethe client’s  

motionwith predetermined motion models．After  

COmParisonofthesportstechniques，thenexttaskfbr  

anevidence－basedevaluationanddiagnosisofsports  

techniquesis toindicate what di飴rences there are  

between the clientrs motionandthe motion models  
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and to examine the slgniiicanCe Of’the difrbrences  

detected・ A fbatureindicatlnginter－individual  

Variationinthebody－SegmentmOtionfbraparticular  

Clientis refbrred to as amotion variability，While a  

fbatureindicatlng adiffbrencein the client．s motion  

什om astandard oranaverage valuecanbecalIed a  

motiondeviation．   

Therehavebeena飽wattemptstoquami氏′mOtion  

deviationinsomeareas・Manaletal・3quantinedthe  

motiondeviationoftheirclientsduringBaitbyuslng  

the concept of the z score，and described the  

algorithmic developmentof山ecolor－COdingmethod  

usedtomakethedatapresentationeasytounderstamd．  

Waragaletal・4usedthezscorefbrtheevaluationof  

brain perfusion SPECT．These examples showthat  

血e z score can beused as anindexto quantifV the  

motion deviation．Since Ae et al．1concluded山at  

motion variability can be used toidentify critical  

polntS猥d始Chlljca】蝕ul牲COmb加ゎg血ecoe餌cierlI  

Ofvariationoftheaveragedmotionpatternasanindex  

OfLmotion variabilitywith the z score of也e client．s  

motion as anindex ofmotion deviationallows us to  

evaluate and diagnose the clientts motionin amore  

detailed manner to delermine how serious the 

deviationis or whetherthe deviationin the client－s  

motion血・Omthemodelisallowable．   

The purpose of this paper is lo propose a 

biomechanicalmethodtoquant苗▼mOtiondeviationin  

theevaluationofsportstechniques，uSlngtheexample  

ofabasketbal1setshotin which themotiondeviation  

fromastandardmotionwasquantinedbvthezscore．  

Theconceptofaweightedzscoreisintroducedfbrthe  

detemination of theimportanCe Of the motion  

deviation．  

ユ．MRTHOI）S  

ヱ．1Subjectsandthemotiomusedasasample   

Themotionusedas asamplewas abasketballset  

Shotthatwasperfbrmedbytwenty－Six氏maleplayers  

（height，1．68土0．07m二body weight，59．2土5．3kg）  

倉omthevarsiQ／basketbal1clut）atthe UniversityOf  

Tsukuba．Thesubjectsweredividedintotwogroups，  

basedonacoachつsevaluation．Twelveplayerswere  

refbrred to as an exce11ent groupand otherfburteen  

Players were as an ordinary group・Before data  

COllection，the subjects wereglVenan eXPlanationof  

the experiment and the purpose ofthe study，and  

vITitten infbrmed consent was obtained 丘om those  

Suqiectswhoagreedtoparticlpateintheexperiment．   

The distanCe betweenthe shootline andthebasket  

backboardwas4．6汀Landtheheightofthehoopwas  

3．05m丘・Omthenoor．Thedistanceandheightofthe  

hoop weredecided according to the ofncialrules or  

basketball．Thesu叫ects wereasked toshootaball  

intothehooplnamanneraSCloseaspossibletothat  

usedin arealgamesituation．Weusedtheset－Shot  

motioninwhichshotsweresuccessfu11vcompletedas  

thesamplemotion．ThereweretwotypeSOfsetshot  

rnOtionusedbv血esubjects．oneaslngle－handedtype  

in which the players released the bal1with a single  

hand，andtheodleradouble－handedtypeinwhichthe  

ba‖wasreleased丘ombothhands．  

2・2刀庖鮎＝川l】e一触月見刀dpro仁e55丑唱  

Inthisstudy，WeCOllected山ekinematicdataofthe  

SetShot飢）mtWenty－Sixsu旬ectsintwosessions．ln  

the丘rstsession，thesut）jects weresixplayersorthe  

Slngle－handed type and eight players of the  

double－handedb！pe，Weadoptedtwosuccess氏11set  

Shots fbr detai1ed analysIS丘om each players、i．e．  

twelve trialsfor the single－handed type and sixteen  

trials fbr the double－handed onein total．1n the  

SeCOnd session，the su叫ects were ten slrlgle－handed  

type players and two double－handed ones． We  

adoptedthreesuccessfu1setshots丘omeachplayers，  

i．e．thirtyfbrthesingle－handedtypeandsixtrialsfbr  

thedouble．Therefbre，也etotalnumberoftrialsused  

fbr the detailed analysis was fbrty－tWO fbr the  

Single－handed type and twenty－tWO fbr the  

double－handedtype．   

Thepositionsoffbrty－ninereflectivemarkersonthe  

Surfhceofthesu句ect’sbodyandfburmarkersonthe  

Surface ofthe basketballwere captured to calculate  

three－dimensiorlalcoordinatedafafbr肋eendpomtsof  

the body segments，uSlng a VICON 612 system  

（OxfbrdMetricsCo．）withninecameraSOPeratingat  

120Hz．   

Twenty－nVe Segment endpoints were calculated  

丘omthe captured data．The coordinate data were  

SmOOdledwitha Butterworthlow－paSS digitalnlter   
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with optlmalcut－Offfrequencies，determined by the  

residualerrormethodproposedbyWellsandWinter5，  

ranglng丘om5to15Hz．Fifteen segment angles，  

including the elbow and kneeJOlntangles，Were  

Calculatedinthisstudy．   

Theset－Shotmotionwasdividedinto（1）theinstant  

thattherightgreatertrochanterbegantodescend，（2）  

theinstantthattherightkneewasmaximallynexed，  

and（3）the moment of ba11release．The motion  

phase between（1）and（2）was refbrred to as the  

dovmwardphase，andthephasebetween（2）and（3）as  

theupwardphase．Thethree－dimensionalcoordinate  

data werenormalized bythe motion－Phasetime and  

the su切ect’sheight，andtheangles ofthe segments  

andjolntSWerenOrmalizedbythemotion－phasetime．   

We provided two standard motions fbr the  

basketbal1setshotuslngthemethodofAeetal・lThe  

motions were aslngle－handed shotmotionbased on  

fbrty－tWO trials，and a double－handed shot motion  

basedontwenty－tWOtrials．  

2．3Calculationofmotionvariat）ility   

Thecoe疏cientofvarianCe（hencefbrth，CV）ofthe  

Segmentandjointangleswascalculatedasanindexof  

the motion variabilityin the set－Shot motion．With  

thesegmentandjointangleschanglngwithtimeand  

CrOSSlngthezeroreftrenceフtheCVacutelyJumPedup  

anddowlduetodivisionbyzerooraverysmal1mean  

value． Thisis because of the violation of the  

StatisticalprlnClplethattheCVshouldnotbeapplied  

tovariablesinvoIvlnganegativevalue．TosoIvethis  

problem，Ae etal・1introducedthe concept of  

modinedCV（hencefbrth，mCりinwhichthestandard  

deviationisdividedbythesumOfthemeanandrange  

Ofavariable．WecalculatedthemCVofthesegment  

andjointanglesusingthefbllowingequation（1）：  

∴主仙・  
J〃（「ト’＝   ×100  （2）  

諾（忘・（180一品））  

2．4Calculadomofmotiondeviation   

The z score was calculated asanindex ofmotion  

deviationusingthefo1lowingequation（3）：  

d・＝三  
（3）  

Whered．isthezscore，X，isthesu旬ect’sdataattimel，  

and丈，and SD，repreSent the mean and standard  

deviationattimei．   

Positive and negative average deviations were  

Calculatedusingequations（4）and（5）：  

（4）  

（5）  

whered→isthepositivevalueofthezscoreandd¶is  

thenegativevalueofthezscore．  

3．RESUl」TSANI）DISCUSSION  

3．1StandardmotionsandJ〃Cr   

The success rate ofthe set shot fbrthe exce11ent  

groupwas81．7士24．0％andthatoftheordinarygroup  

WaS54．5士29．9％．TherateofdleeXCellentgroup  

WaS Slgnincantly greater than that of the ordinary  

group（P＜0．05）． Thisimplies that the coach’s  

evaluationwasreasonableandproperindistinguishing  

dleteChnicaldiffbrencebetweenthetwogroups．   

Sixteenplayersreleasedtheballwithaslnglehand，  

and ten players used a double－handedtype ofshot．  

Figurelillustratesthestandardmotionsoftwotypes  

Of set shot，i．e．a single－handed type and a  

double－handedqrpe．Althoughitwouldbeinteresting  

to discuss whichtype ofset shotis superior，What  

di飴rencesareidentinedbetweenthetwotypeS，and  

SO On，these questions are beyondthe scope ofthis  

Paper，Whose purposeis to propose a method fbr  

quantifying motion deviationindle biomechanical  

evaluation of sports techniques． Therefbre，We   

．＼乃．  
〝7（「レ1   ×100  （1）  

孟＋（180一義怖〃）  

WhereSD，isthestandarddeviationofthesegmentor  

JOlnt－angle data，丈′isthe mean，and財nisthe  

minimumvalueofthemeanf，OVerthewholephase．  

Average mC掩 during the dovmward and  

upward phases were calculated uslng血e fbllowlng  

equation（2）．  
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confinetheresults anddiscussionpresentedinthis  Figure2deplCtStheaveragemCVofthesegment  

肌djointangles fbrasingle－handedshotduringthe  

downWardandupwardphases・Althoughtheaverage  

mcvofthele氏handwaslargerthanthatoftheright  

handinbothphases，themotionofthelenhandwas  

papertothoseoftheslngle－handed吋peofsetshot  

becausethesingle－handedsetshotismore丘■equentlv  

in recent gameS，andis considered to be easierin  

analyzing because of focusing on the right hand. 

StandardMotionsofwomen’sbasketballsetshot  
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notcriticaltotheslngle－handedsetshotbecausethe  

dominant hand ofthe players was血e right hand．  

ThemCVgfbrtherightarmandkneewereLargerthan  

those oftheleg segments，head，and torso，This  

result suggeststhatplayers ofthis skilllevelmove  

dleirlegsandtrunkinasimilarmanner，butthatthere  

mightbe some di蝕rencesintheright－armmOtion，  

Whichwascloselyrelatedtothesuccessoftheshot．  

3・ヱEvalua加点orplayer5，加ゎmjque5u5Ⅲg the z  

SCOreand肌でγ   

Figure3presents stick pictures of two players  

randomiy chosen丘omthe excellent and ordinary  

groups．Althoughexcellentpl町erA’smotiorlSeemS  

to be simi1artothe standard motion seeninFig．1，  

Ordinary player Bつs trunkleanedfurther backward  

durir）gtheupwardphase血aninthestandardmotion．  

Sincebasketbal1coachingtheorv2saysthatthetrunk  

Shouldbeslightlyfbrwardorverticalduringasetshot，  

themotionofordinaryplayerBmaybeevaluatedasa  

not－SO－gOOdtechnique．   

Next，We discuss how血e z score and mCVare  

utilized fbr the technicalevaluation．Figure 4  

illustrates changesin the average righlupper－am  

Twoplayers丘omtheexcellentandordinarygroupsofasingle－handed血ot  
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anglefbrtwoplayers什omtheexce11entandordin  

groupsand the mCVofthe standard motion．The  

shaded area indicates a range of one standard 

deviation．Figure5showschangesinthezscoreof  

therightuppeトamlanglefbrthetwo players．The  

upper－arm angle of ordinary player B positively  

deviatedfromtheaverageinthedovmwardphaseand  

most ofthe upward phase．Thisindicatesthat the  

right upper amlOfplayer B continued movlngtO a  

higherpositionthaLnthatofthestandardmotion．On  

theotherhand，theupper－amangleofexcellentplayer  

Anegativelydeviatedinthedownwardphaseandthe  

ZSCOreintheupwardphasewassmallerthanthatof  

Player B，althoughitincreased befbrethe release．  

ThisindicatesthatplayerAmovedherupperarmtoa  

lowerpositionduringthefirsthalfofthe dovmward  

Phase，butraiseditinapattemsimilartothatofthe  

Standard motion，quicklyliRingit tothe higher  

POSitionbefbretherelease．   

Figure6presents the average z scores fbrthe  
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segmentandjolntanglesofplayersAandBduringthe  

dowIWardandupwardphases．Wbrefbrredalarger  

orsmallerzscorethan1．OasalarBeOrSmal1zscore  

in Figure6．Althoughthe average z scores of  

excellentplayerAtendedtobesmal1inthedownWard  

phase，thezscoresofthelegsandelbowswerelarge  

intheupwardphase．Theseresultsindicatethatthe  

motionofthelegsfbrplayerAdeviatedfurther舟om  

dle Standard motionin the upward phase．The  

average z scores of the upper－tOrSO and right  

upper－armandright－elbowanglesfbrordinaryplayer  

B werelargeinthe dovmward phase，andinthe  

upward phase ofthe score fbr the upper－tOrSOand  

le氏－handanglesofordinaryplayerB wasalsolarge．  

These resultsindicatethatthe motion ofthe upper  

body of the player B deviated further丘omthe  

Standardmotionduringbothphases，COrreSPOndingto  

theobservationsinFigs．3to5．  

3．3Identification of correction points uslng thc   

Weightedzscore   

There are various combinations of the z score and 

mCV The technicalevaluation based on the  

relationship betweenthe z scoreand mCV canbe  

Summarized as seeninFig．7．Case（1），inwhich  

boththezscoreandmCVarelarge，indicatesthatthere  

may belargeindividualdi飴rencesand／or critical  

technicalpointsifthereisasignincantrelationship  

withperfbrmanCe．Case（2），inwhichthezscoreis  

largebutthemcvissmal1，indicatestheremaybe  

technicalpointstobecorrected．Case（3），inwhich  

thezscoreissmallandthemCVislarge，indicatesno  

remarkable fhultunlessthevariablein questionis  

Signincantly related to perfbrmance，Since the  

Su句ect’s motionis similar tothe standard motion．  

Case（4），inwhichboththezscoreandthemCVare  

Small，indicatesthatthesubject，smotioncorresponds  

We11tothe standard motionandthat thereis no  

remarkable fault．This discussionleads totheidea  

dlatthezscore，i・e・themotiondeviation，Shouldbe  

interpretedincombinationwiththemotionvariabilitv  

fbrthe evaluation of sports teclmiques andthe  

ident沌cation ofcorrection polntS・Therefbre，the  

Weighted z scorewasintroduced on血e hypothesis  

thatmotion withsmallmCVindicateslessallowable  

individualdiffbrenceinthemotionandisimportant  

because most ofthe su句ects perfbrmed a similar  

motion to perfbrmthe motiontask．We calculated  

山eweightedzscoretoidentifycorrectionpointsin  

thetechniquesusingequation（6）．  

Technical evaluation 

Allowableasindividualdiffbrence  

Or  

Criticalifsigni丘cantly  

relatedtoperformance  

Technicalfaultstobecorrected  

Noremarkablefhults  
an〟or  

Criticalifsignincantly  
relatedtoperfbrmance  

Noremarkablefaults  

Fig・7・AchartfbrtheevaluationofsportsteclmiqueusingthezscoreandmCV   
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Fig，8．ChangeSintheweightedzscoresofsegmentandjointanglesfbrtwoplayersperfbrmlnga  

single－handedshot．Theperiodofthelargeweightedzscoreimpliesthattheremaybesome  

techicalfaultstobecorrectedinthatperiod．Inthisexample，thepositiveweightedzscore  
indicatesthattheextensionwaslargerthanthemean．  

WaSlargein也erighthand，head，andtrunkduringthe  

upwardphase．   

h Fig．3．we seefromthe observation ofthe  

Set－Shot motion that player Bleaned her trunk  

backward during the upward phase．ne results  

Obtained氏・OmaneXaminationoftheweightedzscore  

COrreSpOnd wellto the su切ective observation・In  

addition，alargemotiondel▼iationwasdetectedinthe  

legsegmentsofplayerAandthelegandamsegments  

OfplayerB．ThesedeviatiorlSWOuldnotbeeasyto  

determine丘omsimplyobservlngthemotionevenif  

Visualdevicessuchasavideoimagewereused．This  

indicatesthatthemethodproposedinthisstudvcanbe  

efr岳ctivefordeterminingsuitablecorrectionpolntSfbr  

SPeCiBctechniques．Inthisway，teChnicalcoITeCtion  

POlntSCOuldbeidentineduslngtheweightedzscore・  

However，WeWOuldrequrefurtherexaminaIionand  

discussionwiththecoachesandplayersinquestionas   

l  

叫司×  
（6）  

Here，Wd．istheweightedzscore．   

Figure8presents an examPle ofchangesinthe  

weightedzscoresofdleSegmentandjointaJlgiesfor  

Players Aand B．Contraryto ourexpectation，the  

Weightedzscoresfbrthesegmentandjointanglesof  

PlayerAwerelargerintherightlegsegments，thele負  

fbot，andthe血ighthanthosefbrplayerB．PlayerB  

hadalargerweightedzscorefbrtherighthand，Shank，  

head，upperandlowertorso，rightandleftelbow，and  

le氏knee．These results suggestthateven excellent  

PlayerAhadlargemotiondeviation丘・Omthestandard  

motionandshouldcorrectherlegmotion．However，  

thenumberofsegments withlargemotiondeviation  

WaSgreaterfbrplayerBthanfbrplayerA．Itmaybe  

worthvofnotethatthemotiondeviationofplayerB  
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to whetherthe polntSidentified wereindeed serious  

techicalfaultsrequlrlngCOrreCtion，andifsohowthat  

correctionshouldbecarriedout．   

Althoughwe usedthe z score fbr various body  

anglesasexamplesinthispaper，theweightedzscore  

canbeappliedtootherbiomechanicalparameterSSuCh  

asposition，Velocity，aCCeleration，andjointtorque・   

J．CONCLUDtNGREMARKS   

This paperproposed to quantifymotiondeviation  

丘omastandardmotionbvuslngthezscoreandmCV  

asindexes and to demonstrate how toidenti年  

technicalcorrection polntS fbrthe player’s motion．  

ThefbllowlngCanbeconcluded．   

＊ThemCVandzscorecanbeusedasrespective  

indexesofmotionvariabilityandmotiondeviation．   

＊The mCVcan used to detect criticalpolntS fbr  

SpOrtSteChniques．   

＊Thezscorecanbeusedtoquantifydeviationsof   

aplayer丘omamodeltechnique．   

＊The weighted z score canbeusedtoidenti＆  

Client、stechicalfhultsandcorrectionpolntS．   

＊Figure 7is a chart of e晩ctive evaluation  

methodsfbrsportstechniques，  
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