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Contributiono正physiqueandmuscularstrength

topｕｌｌｓｗｉｍｍｉｎｇ正orceandswirnmingper正orIn

anceinschoolboyswimmers．

SｈｉｎｉｃｈｉＤＥＭＵＲＡ

Abstract

Greatinterestinpreviousmanystudieshasbeendirectedmainlytoskilledorcompetitive

colleｇｅｓｗｉｍｍｅｒｓ，buthardlytounskilledorchildswimmers・However，ｉｔｗｉｌｌｂｅｖｅｒｙ

ｉｍｐｏｒｔａｎｔｔｏｇｅｔｉｎｆｏrmationconcerningthedevelopmentalprocessofswimmingspeedwith

age・Thisstudywasconductedtodeterminecontributionofphysiqueandmuscularstrength

tosｗｉｍｍｉｎｇｐｅｒｆｏｒｍａｎｃｅａｎｄｐｕｌｌｓｗｉｍｍingpowerfromagrowth-anddevelopmental

prospective

Onehundredandsixtyhealthyschool-boyswimmerswereselectedassubjects,rangedwith

agesfrom6tol2years・Theyparcticedswimmingtｗｉｃｅａｗｅｅｋｆｏｒａｔｌｅａｓｔ２ｙｅａｒｓａｎｄｃｏuld

swimcrawlstrokemorethan500mmetersThreekindsofcrawlswimmingspeedtests,３pull

swimmingpowertestsinwater,３physiquetests,and4strengthtestswereadministeredtoall

ofthesubjects

Themainresultscanbesummarizedasfollows；

ＬＳｗｉｍｍｉｎｇｓｐｅｅｄａｎｄｐｕｌｌｓｗｉｍｍｉｎｇｐｏｗｅｒｉｎｃｒａｗｌｓｔｒｏｋeinadditiontophysiqueand

muscularstrengthdevelopsignificantlywithage、

２．Pullswimspeedcontributestototaｌｓｗｉｍｓｐｅｅｄｓｏｍｅｗｈａｔｈｉｇｈｅｒｔｈａｎｋｉckswimspeed，

ａｎｄｔｈｉｓｔｒｅｎｄｓｅｅｍｓｔｏｂｅｈｉｇｈｅｒｍａｇestagesover8years・

aPhysiquecontributestopullswimｍｉｎｇpowerin8yearsandolderchildren，ｂｕｔｎｏｔｔｏ

ｓｗｉｍｍｉｎｇｓｐｅｅｄ

４，Muscularstrengthcontributestopullswimmingpowerinchildrenfroｍ６ｔｏｌ２ｙｅａｒｓｏｆ

ａｇｅ・Contributionofmuscularstrengthｉｓｓｏｍｅｗｈａｔｈｉｇｈｅｒｉｎ８ｙｅａｒｓａｎｄｏｌｄｅｒｃｈｉｌｄｒｅｎ

ａｎｄｔｈａｎｉｎ７ｙｅａｒｓａｎｄｙｏungerchildren

ReceinedSeptemberl6th,１９８９
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１．Introduction

Variousfactorsincludingphysicalonesareconsideredtorelatetotheachievementof

swimming・Ｉｎｓｐｅｅｄｓｗｉｍｍｉｎｇ，especiallybigmusclepowerisneededtoproducegreat

impulsioninwater，Therefore,someresearchers14517192oassertthatmuscularstrengthisthe

mostimportantfactorcontributingtospeedswimmingPreviously，manycomparativeand

correlativestudies278-l11622havesubstantiatedthisfact,usingskilledswimmersassubjects・

Physiqueisalsoknownasanimportantfactorinfluencingswimmingperformance71o-141523
２４２５

ｓｗｉｍｍｉｎghasadifferentfeaturefromlnanyinnateexercisessuchasrunning,throwing，

jumping,etc・Namely,wemustmasterswimmingtechniquethroughpracticeinwater,but

anyonecandoinnateexercisesｗｈｅｎacertainageisreached

Certainly，forskilledcompetitiveswimmers，ｔｈｅｓｉｚｅｏｆｍｕscularstrengthwillbean

importantfactor,becauseitisconsideredtorelatecloseｌｙｔｏｔｈｅｓｕｃｃｅｓｓｏｆｓｗｉｍｍｉｎｇｐｅｒｆｏｒ‐

mance・Incaseofunskilledswimmers，however，itisdoubtfulwhetherstrengthisusedto

producemoreimpulsion，ｂｅｃａｕｓｅｔｈｅｙｄｏｎｏｔｈａｖｅｔｈｅｐｒｏｐｅｒｔechniquetoconverttheir

strengthintoimpulsion

Thedegreeofacquiredswimmingskillmaydifferｗｉｔｈthecontentofthepracticeprogram

(intensity,durationandfrequency)．However,itisassumedthatskilllevels,whichchildren

canacquire,differinaccordancetotheirphysicalfitnesslevelsineachgrowthanddevelop

mentalstage,ｅｖｅｎiftheydothesamepracticeprogram・Inshort,variouslawsfoundoutby

reseachonskilledadolescentandadultswimmeｒｓｃａｎｎｏｔｂｅａppliedtounskilledschool

children

Manystudieshavebeencarriedoutonskilledorcompetitivecollegeswimmers,ｂｕｔｏｎｌｙ

ａｆｅｗｓｔｕｄｉｅｓｏｎｃｈｉｌｄｓｗｉｍｍers14Thepurposeofthisstudyistodeterminethecontribution

ofphysiqueandmuscularstrengthtoswimｍｉｎｇｓｐｅｅｄａｎｄｐｕｌｌｓｗｉｍｍｉｎｇｐｏｗｅｒｉnschool-boy

swimmersfromagrowth-anddevelopmentalperspective．

lLMethods

SUbjects

Atotalofl61school-boyswimmersagedfrom6tol2yearsvolunteeredassubjectsforthis

studyThｅｙｐｒａｃｔｉｃｅｄｓｗｉｍｍｉｎｇａｔａｓｗｉｍｍｉｎｇclubtwiceaweekforabout2yearsanｄｃｏｕｌｄ
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swimcrawlstrokecontinuouslyforｍｏｒｅｔｈａｎ５００ｍ、Ｔｈｅｓａｍｐｌｅｓｉｚｅｏｆｅａｃｈａｇｅｇｒｏｕｐｉｓ

ｓhowninTablel、Inadditiontoananalysisofallsubjects(ＧＡ),toexaminefromthegrowth

anddevelopmentalprespective,thefoUowing3groupswereanalyzed:loweragegroup(6-7ｙｒ，

GL),middleagegroup（8-9yr,ＧＭ)，higheragegroup（l0-12yr，ＧＨ)．Thesegroupswere

arbitrarilyclassified

Testvariables

Threephysiquetestsofstature,bodyweight,andchestgirthwerechosenasrepresenting

eachphysiquedomainofbodylinearity,bodyweight,andbodybulk・Formuscularstrength

tests,thefollowing4testswereused.：ｂａｃｋstrength,gripstrength,ａｒｍstrength,legstrength

Thesestrengthsareassumedtocostributecloselytotheproductionoftheimpulsioninwater・

Ｔｈｅｓｕｍｏｆ４ｓｔｒｅｎｇｔｈｖａｌｕｅｓｗａｓｕｓｅｄasatotalstrengthscore、Oftheabove4tests,armand

legstrengthweretestedaccordingtoMiyashita，smethod22Theothertestswereperformed

accordingtogeneralpracticｅ

Ｔｈreekindsofswimmingspeedtestsoftotalswim(ＴＳ),pullswim(PS),ａｎｄｋｉｃｋｓｗｉｍ(ＫＳ）

incrawlstrokewereperformed、Ineachspeedtest,asubjectwasinstructedtoswim25meters

athisbest・Ｔｈｅｔｉｍｅｗａｓｍｅａｓｕｒｅｄｂｅｔｗｅｅｎｌ５ｍｅｔｅｒｓｆｒｏｍ５ｔｏ２０・Ｉｎｃａｓｅｏｆａｐｕｌｌ

ｓｗｉｍｍｉｎｇｆｏｒｃｅｔｅｓｔ,amaximumpullforce,whichasubjectexertedwhenheswamtotal

swim(ＴＦ),pullswim(PF),ａｎｄｋｉｃｋｓｗｉｍ(KF)incrawlstroke,wasmeasuredDetailsofthese

testmethodsweredescribedinpreviousStudies・'４

Statisticalｐｒｏｃｅｄｕｒｅｓ

ＴｈｅＡＮＯＶＡｗａｓｕｓｅｄｔｏｔｅｓtthedifferencesamongmeansof7groupswithdifferentages

from6tol2・Asimplecorrelationandapartialcorrelationwerecalculatedfordetermining

theinter-relationshipbetweenswimmingspeed,pullswimmingforce,physique,andmuscular

strengthFurther，toexaminethecontributionofphysiqueandmuscularstrengthtoswim‐

mingspeedandpullswimmingforce,amultiplecorrelationanalysismethodwasused

llLResultsanddiscussion

１．Developmentofswnnmingspeed，physique，muscularstrengthandpullswilnming

forcewithage・

Tablelshowsmeansandstandarddeviationsofeachagegroup,andtestresultsofmean
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differencesforallvariablesselectedinthisstudy・Ａｌｌvariablesshowsignificantdifferｅｎｃｅｓ

ａｍｏｎｇａｇｅｇｒｏｕｐｓｆｒｏｍ６ｔｏｌ２ｙｒ・AlsoTable2showssignificantcorrelationcoefficients,0.

533-0.852,betweenageandeachvariable．

TableLMeans,standarddeviations,ａｎｄｔｅｓｔｒｅｓｕｌｔｓａｍｏｎｇｍｅａｎｓｏｆ７ｇｒｏupswithdifferentagelevelsfor

allvariables

６ＵＯ）７(40）８(30）９(29）１０(25）１１(16）１２(11）（yr）age

Ｎｏｖａｔｉａｂｌｅ ＡＶＳＤＡＶＳＤＡＶＳＤＡＶＳＤＡＶＳＤＡＶＳＤＡＶＳＤＦ－ｖａｌｕｅ

0.14

0.09

0.09

0.82

0.56

0.66

0.14

0.09

0.10

0.06

0.06

005

0.64

0.42

0.61

0.09

0.07

0.07

0.76

0.51

0.66

0.90

0.62

0.71

0.17

0.11

0.10

1.00

0.69

0.75

0.14

0.12

0.06

1.04

0.81

0.75

01736.76＊＊

0.1333.86＊＊

0.1116.53＊＊

Ltotalspeed

2pullspeed

3kickspee。

0.55

0.40

057

0.60

0.52

0.50

4.49

3.24

2.32

1.20

0.68

0.58

5.24

3.37

2.61

0.96

0.89

0.83

5.90

4.15

3.08

1.10

1.03

0.82

2.75

2.01

1.53

0.58

0.35

0.32

3.57

2.42

1.96

6.72

4.96

3.60

1.26

127

0085

7.76

6.32

3.56

16347.11＊＊

1.3239.19＊＊

0.7725.11＊＊

4.totalpower

5pullpower

6kickpower

7.26122.69

3.9023.69

2.6460.23

5.24128.25

3.3827.18

2.8863.54

4.26132.80

4.6129.42

4.9564.53

5.73137.90

5.0732.99

4.3167.83

4.85142.22

5.8936.31

4.7170.34

4.98149.52

7.1440.38

6.9672.09

116.59

21.66

58.85

6.70

7.75

6.28

68.13＊＊

21.89＊＊

19.15＊＊

7.stature

8・bodyweight

9､chestgirth

38.62

28.88

9.16

21.10

97.77

8.0342.30

4.0835.32

1.5511.23

36526.40

11.93115.25

10.0447.33

5.0837.13

Ｌ6411.62

4.7129.09

16.41125.17

9.7353.89

4.5141.13

1.3113.05

5.1333.19

15.43141.26

11.1364.78

５．８４４６９７

１６６１５．５２

4.5138.54

18.94165.81

9.9066.30

5.7451.53

1.5218.47

8.0045.42

19.08181.72

11.3525.99＊＊

5.6953.12＊＊

3.2047.81＊＊

8.2546.31＊＊

22.8058.76＊＊

lObackstrength

lLgripstrength

l2armstrength

l31egstrength

l4totalstrength

36.23

26.90

8.94

18.43

90.49

６．８６

４．２９

１．２０

2.88

11.31

Ｎｏｔｅ：Figuresinaparenthesesaresamplesizesofeachagegroup、
Strengthvaluesofgrip,ａｒｍ,ａｎｄｌｅｇａｒｅｔｈｅｓｕｍｏｆｒｉｇｈｔａｎｄｌｅｆｔｓtrengthvalues,respectively・
Totalstrengthvalueisthesumofback，grip,ａｒｍ,andlegstrengthvalues
Aunitofeachvariableisasfollows;variablenumberslto3＝ｍ/s,４ｔｏ６，８，ａｎｄｌＯｔｏｌ４＝k9,7ａｎｄ
９＝c、．

＊＊meanssignificanceat1％level

Fromtheseresults,ｉｔｉｓｉｎｆｅｒｒｅｄｔｈａｔａｌｓｏｓｗｉｍｍｉｎｇｓｐｅｅｄａｎｄｐｕｌｌｓｗｉｍｍｉｎｇｐｏｗｅｒｉｎ

ａｄｄｉｔiontophysiqueandmuscularstrengthdevelopwithageinschoolchildren・And，ｉｆ

ｓｗｉｍｍｉｎｇｐｒａｃｔｉｃｅｏｆｔｈｅｓａｍｅｃｏｎtentisdone，olderchildrenseemtogethigherswiｍｍｉｎｇ

abilitythanyoungerchildren

Further,thedevelopmentalrelationshipsofTS,ＰＳ,andKSineachagestage(seeFig.１.）

indicatethat,morethanthepullspeed,thekickspeedoftheyoungercontributestototalspeed，

andthecontributionofPStoTSincreaseswithageThiscoulddependonthefollowing；first，

youngerchildren,especiallythosebelow7years,feeldifficultlyinmasteringcomplicatedcrawl

-pull-techniquewithbreathing，althoughtomastercrawl-kick-techniqueisrelativelyeasy，

becausecrawlkickingisamovementｓｉｍｉｌａｒｔｏｍａｎ，swalkingmovement､'４Second，inthe

introductionstageofswimmingteaching,generally,morepracticeofcrawlkickisperforｍｅｄ
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Consilman5l8reportedthatinskilledcompetitiveswimmers,about７０％oftotalspeed

dependsonpullspeedincrawlstrokeHowever,ｔｈｉｓｉｓｎｏｔｔｈｅｃａｓｅｉｎｉｍｍａｔｕｒｅｏｒｕｎskilled

swimmersinthisstudy．

２．Ｔｈｅｒｅlationshipsbetweenswimmingspee｡，ｐｕｌｌpower，physique，andmuscular

strength・

Table2showsmeans,standarddeviations,acorrelationmatrix(underside)andapartial

correlatiommatrix(upperside)．Tables3through5showtheresultsofthesamecontent

calculatedineachagegroupofGL,GMandGH.

Table2Means,standarddeviations,correlationmatrix(underside)andpartialcorrelationmatrix
（upperside)forallsubjects(ＧＡ)(ＮＳ＝161)．

Novariable ＡＶＳＤ１２３４５６７８９１０１１１２１３１４

０
１
２
３
４
５

１
２
３
４
５
６
７
８
９
１
１
１
１
１
１

totalspeed

pullspeed

kickspeed

totalpower

pullpower

kickpower

stature

bodyweight

chestgirth

backstrength

gripstrength

armstrength

legstrength

totalstrength

age

０．８０

０．５５

０．６７

４．９３

３．４９

2.55

131.17

29.01

64.45

47.48

36.60

11.82

28.54

124.45

８．６８

０．２０

０．１５

０．１０

１．７１

１．４２

0.93

10.25

７．３９

6.10

13.61

８．６６

３．１４

9.00

31.15

１．７３

7１６６３８

３６９

６１０

７２１６１１

７９５５３１

６４０６０８

７０５４７１

５９３４２６

５６３７９８

６２７４７９

７０７５０９

７５５５２１

6８０４９６

７４４５４８

７７３５３３

395

268

363

342

480

215

611

351

261

400

560

532

６
０
０
５
７
０
８
８
３

８
０
８
４
９
２
８
３
７

１
２
１
３
３
３
２
３
２

233

206

６
７
０
０
１
１
４
５
５
８
３

４
２
７
５
７
９
７
４
３
２
４

２
３
１
４
５
３
４
５
４
４
５

２４０

２６２

２１４

４６９５１２

５２２５８３

３９８４４６

３８６４８０

６１４５９６

５６６４９９

２８０８２９

４７２７０４

５３８６９８

６８５

９０２

８１６８４９

５
８
７
８
７
４
１
１
８
９
８
４
７
１

７
５
４
１
６
５
６
５
９
８
９
３
０
３

８
７
７
７
６
６
５
５
５
６
６
６
７
７

385

400

252

509

501

406

707

507

410

335

516

859

355

392

283

447

467

359

324

５
５
３
３
０
４
７
３
６
２
１

５
８
０
８
５
０
７
１
１
４
０

８
７
８
７
７
７
７
８
８
８
８

０
８
５
２
１
１
７
７
７
４

７
９
７
０
２
８
４
２
５
８

７
７
７
７
７
７
８
８
８
７

８
７
３
５
８
６
７
３
９

６
８
２
３
６
１
１
４
６

６
６
６
６
６
７
７
７
６

５
８
９
１
３
２
６
２

６
５
９
３
４
１
５
５

８
７
６
８
８
８
８
８

921

663

769

802

829

824

709

599

687

722

778

751

648

701

746

682

904

693

851

824

908

817

849

909

825

Ｎｏｔｅ：Partialcorrelationswerecalculatedbyeliminatingtheinfluenceofage

DecimalpointsofeachcolTelationcoefficientareommited

Valuesoverl55incolTelations(underside)andvaluesoverl56inpartialcolTelations(upperside）

aresignificantatthe5％leveLrepectively・

InsignificantcolTelationsarecommited

BecausethecorrelationmatrixinTable2wascalculatedforallsubjectｓ（GA)，the

influenceofageisconsideredtorenectoneachcolTelationcoefficientstrongly・Viewinga

partialcorrelationmatrixeliminatingtheinfluenceofage，ｍｏｓｔcoefficientsshowagreat

decrease,ａｌｔｈｏｕｇｈｓｏｍｅｄｏｎｏｔｃｈａｎｇｅａｓｍｕｃｈａｓｖａｌｕｅｓｏｆＴＳａｎｄＰＳ(0.875ｔｏ0.716）

ViewingcorrelationsbetweｅｎａｇｅａｎｄｅａｃｈｖａｒｉａｂｌｅｉｎＴａｂｌｅｓ３ｔhrough5，GHshows

significanceinallofthem，ｂｕｔＧＬａｎｄＧＭｉｎｓｏｍｅｌｎａｄｄｉｔｉｏｎ，ｔｈｅｖａｌｕｅｓｏｆＧＨａｒｅ

ｓｏｍｅｗｈａｔｈｉｇｈｅｒｔｈａｎｔｈｏｓｅｏｆＧＬａｎｄＧＭ、

ThisdifferencemaybeexplainedbyｔｈｅｆａｃｔｔｈａｔＧＨａｓｃｏｍｐａｒｅｄｗｉｔｈｔｈｅothergroups
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isagroupwitharelativelywideagerangefromlO-12yr，andespeciallythisagestageis

remarkableinthedevelopmentalchangeofvariousphysicalfunctions・Therefore,toexamine

therelationshipbetweeneachvariableinthesamedimension,ａｌｓｏｆｏｒ３ａｇｅｇｒｏｕｐｓｏｆＧＬ,GM

andGHapartialcorrelationwascalculated(seeTables3through5)．

First,viewingthepartialcorrelationsbetweeneachswimmingspeedofTS,ＰＳａｎｄＫＳ,ｆｏｒ

ＧＡ，allcorrelationsaresignificant，whilethecorrelationvaluesbetweｅｎＴＳａｎｄＰＳａｒｅ

ｓｏｍｅｗｈａｔｈｉｇｈｅｒｔｈａｎｔｈｏｓｅｏｆＴＳａｎｄＫＳ・ＴｈｅｓａｍｅｔｒｅｎｄｉｓｆｏｕｎｄｉｎＧＭａｎｄＧＨ,ｂｕｔｔｈｅ

ｒｅｖｅｒｓｅｉｎＧＬＯｎｌｙＧＬｓｈｏｗｓａｎinsignificanｔｃｏｒｒｅｌａｔｉｏｎｂｅｔｗｅｅｎＰＳａｎｄＫＳＩｎｔｈe

correlationsbetweenswimmingspeedsandpullforces,GMGHandGAshowsignificancein

allofthreecorrelationsofTSandTF,PSandPEandKSandKF,butGLonlyinacorrelation

betweenＴＳａｎｄＴＲ

Ｔｈｅａｂｏｖｅｒｅｓｕｌｔｓａｒｅｃｏｎｓｉderedtoindicatethatthecontributionofpullspeedtototal

speedishigherthanthatofkickspeed,andsignificantinter-relationshipsbetweencrawlswim

speedsandpullforcesexist・Ｆｏｒexample,aschoolchildwithfasterpullspeedorgreaterpull

forcecanswimfasterincrawlstroke

Consideringthegrowthanddevelopmentstandpoint,ｔｈｅcontributionofpullspeedtototal

ｓｐｅｅｄｉｓｌｏｗｅｒｉｎａｌｏｗｅｒａｇｅｓｔａｇｅｂｅｌｏｗ７ｙｒｔｈａｎｉｎａｇｅｓｔａｇｅｓｏｖｅｒ８ｙｒ・Counsilman's

report5seemstobesupportedespeciallyintheolderagegroupFurther,theresultsinthis

studyalsoindicａｔｅｔｈａｔｉｎａｌｏｗｅｒａｇｅｓｔａｇｅ,ｐｕｌｌｓｗｉｍｍｉｎｇｐｏｗｅｒｅｘｅｒｔｅｄｂｙｃｒａｗlｐｕｌｌａｎｄ

Table３． Means,standarddeviations,correlationmatrix(underside)andpartialcorrelationmatrix
(upperside)ｆｏｒａｌｏｗｅｒａｇｅｇｒｏｕｐ(GL)(ＮＳ＝50)．

Novariable ＡＶＳＤ１２３４５６７８９１０１１１２１３１４

０
１
２
３
４
５

１
２
３
４
５
６
７
８
９
１
１
１
１
１
１

totalswim

pullswim

kickswim

totalpower

pullpower

kickpower

stature

bodyweight

chestgirth

backstrength

gripstrength

armstrength

legstrength

totalstrength

age

0.62

042

０．６０

３．３９

２．３３

1.87

121.37

23.26

59.93

38.11

28.45

９．１１

20.53

96.20

６．７８

９
７
７
８
２
０
６
０
８
５
１
８
６
７
１

０
０
０
６
５
５
２
６
８
８
２
４
６
１
４

●
●
●
●
●
●
●
●
●
■
●
●
●
●
●

０
０
０
０
０
０
６
３
２
７
４
１
３
２
０

１

3３２６１１２８３

361

632

422

276

316２８４

273３７１

４６６

３４２４８５

４２１４９１

４２１５０４

３４７３８５

２７７

３７２

４０１６０３

３８８４３０

４２１５１０

４９７３２４

２７９３６２２９３

４１８４１７４６６３４６

４２７２８８３５５

３３３６１７３６９４６９

３７７３５２

３９１５９２２８８５０５

３２６６２７４３４

５６３３７９３６６

３９６７７７

３２０６０７６８１

４００３２５３９９６１７

６２６３９８５７７

７７８６９５６１２６０７

３０１

301

273

292８８２７１４

８７９７７９

７２０７８９

４０６３４４

３０１

３７４５６６６２３５６３

３３０３７２２７８４１４

４０６５４７４６６３９６

３５５４０１

321

309

395

Ｎｏｔｅ：Ｅａｃｈｓｉｇｎｉｓｔｈｅｓａｍｅａｓｔｈａｔｉｎｔａｂle21nsignificantcorrelationsarｅｏｍｍｉｔｅｄ



ＤＥＭＵＲＡ：Contributionofphysiqueandmuscularstrengthtopullswimming 193

Table４． Means,standarddeviations,colTelationmatrix(underside)andpartialcolTelationmatrix
(upperside)formiddleagegroup(ＧＭ)(ＮＳ＝52)．

Novariable ＡＶＳＤ１２３４５６７８９１０１１１２１３１４

０
１
２
３
４
５

１
２
３
４
５
６
７
８
９
１
１
１
１
１
１

totalswim

pullswim

kickswim

totalpower

pullpower

kickpower

stature

bodyweight

chestgirth

backstrength

gripstrength

armstrength

legstrength

totalstrength

age

０．７９

０．５３

０．６６

４．８６

３．３０

2.47

130.49

28.28

64.03

44.78

36.21

11.42

27.72

120.12

８．４９

４
０
９
５
９
３
３
７
８
０
９
０
６
９
０

１
１
０
１
７
７
５
９
６
２
８
５
１
６
５

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

０
０
０
１
０
０
５
４
４
０
４
１
５
６
０

１
１

7５４６９６

４４５

４４０

３２２４６１

４４３３３９

２８２５０３

２６７２０６

489

270

479

330

437

338

633

3８４２７９ 332 ３０９

３０１

３８２

５３４５５５

５７９５９９

５２３４６１

４５２４７０

７２５５８１

４３４４３１

３４３８２７

５００６４６

６０７７１７

．７２９

７５０

２６４２９７

６
５
２
９
０
７
８
５
３
８

６
８
２
３
１
３
８
６
５
５

７
６
５
３
４
３
２
２
２
３

301

365

314

353

508

584

617

524

472

511

634

521

503

693

541

371

471

491

467

580

570

406

571

563

484

504

612

432

397

629

３
６
６
７
３
８
８
８
３
８
６

２
０
８
５
４
６
９
７
７
９
２

６
６
５
６
５
３
４
５
５
５
３

９
２
４
６
１
６
７
８
４

１
６
２
７
６
９
６
７
９

６
４
５
３
３
４
５
５
５

539

524

253

505

882708

501

256

596

509

506

531

412

878

340360

250 487

496

547

491

587

621

741

607

416

440

636

441

414

386

839

637

523

661

615

7183５２３４７３７３
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TableaMeans,standarddeviations,correlationmatrix(underside)andpartialcorrelationmatrix

（upperside)forhigheragegroup(ＧＨ)(ＮＳ＝52)．

Novariable ＡＶＳＤ１２３４５６７８９１０１１１２１３１４

totalswim

pullswim

kickswim

totalpower

pullpower

kickpower

stature

bodyweight

chestgirth

backstrength

gripstrength

armstrength

legstrength

totalstrength

age

０．９７

0.68

073

６５６

４．８８

3.34

141.76

35.63

69.54

５９９８

45.20

14.99

37.51

157.69

10.80

8２２５９８３２４４３５４５４

３８９５５４３８７

４５６３０９４１３

５０６３９７６９５６６５

７０２３０５７８５５６８

４６５４５６６８２６０４

３８４５７２６５４２３６

５６９６０４４７４

５８７５２７５０９

３２９５６８６０８５４３

４３９２８７５４５５７０３１５

６２８４１６６５０７２０４９６

４０４６４２６７８４６０

４７７３１０６９７７４２５４７

５５３５７３６０５２８１

０
１
２
３
４
５

１
２
３
４
５
６
７
８
９
１
１
１
１
１
１

７
４
９
７
４
６
７
２
９
５
３
５
８
３
１

１
１
０
４
４
８
９
３
０
２
１
９
１
８
９

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

０
０
０
１
１
０
６
７
６
２
７
２
８
５
０

１
２

７
６
８
９
５
０
０
８
４
３
５

７
８
４
４
０
５
９
３
６
０
８

３
３
３
４
５
４
４
５
４
５
５

845

633

469

552

510

355

434

478

513

415

701

547

468

467

490

868

454

490

488

370

442

431

332

322

４８２５５２

４９６５８０

３８０４９８

４４１５５０

６５８６６２

5８１５９５

３２８８６９

３７９７６３

５２８７２１

６７５

７９８

５９６６４１

521

501

401

526

737

540

527

707

732

655

736

645

878

528

595

609

712

710

372

493

476

504

615

618

206

377

371

518

634

616

489

874

419

762

603

854

605

728

847

753

419

384
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kickstrokesdonotnecessarilyrenectonrespectivecrawlpullandkicｋｓｐｅｅｄｓＴｈｉｓｍａｙ

ｄｅｐｅｎｄｏｎｔｈｅｆａｃｔｔｈａｔｆｏｒｃｅｅｘｅｒｔｅｄｂｙａｒｍｐｕｌｌａｎｄｌｅｇkickinwatercannotbeconverted

intotheproductionoftheimpulsionefficiency・

Viewingthepartialcorrelationsbetweenswimmingspeedandpullforcｅｖａｒiablesand

physiqueandmuscularstrengthvariablesinallsubjects(seeTable2),allpullforcesshow
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significantcorrelationswithallphysiqueandstrengthvariables,butswimmingspeedsshow

significantcorrelationsonlywithsomestrengthvariables・Ｆｒｏｍｔａｂｌｅｓ３ｔｏ５,moresignificant

correlationsbetweenpullforcesandpysiqueandmuscularstrengtharefoundinGMandGH

tｈａｎｉｎＧＬＳｗｉｍｍｉｎｇspeedshardlyshowsignificantcorrelationswithphysiqueandmuscu‐

larstrengthinall3groups・

Thisseemstoindicatethateachphysiqueandmuscularstrengthelementhardlyrelatesto

swimmingspeed,ｂｕｔｔｏｓｏｍｅｅｘｔｅｎｔｔｏｐｕｌｌｓｗｉｍｍｉｎｇｆorces,andthedegreeofcontribution

issoｍｅｗｈａｔｈｉｇｈｅｒｉｎａｇｅｇｒｏｕｐｓｏｖｅｒ８ｙｅａｒｓｔｈａｎｉｎｌｏｗｅｒagegroupsbelow7years．

３．Contributionofphysiqueandmuscularstrengthtoswimmingperformanｃｅａｎｄｐｕｌｌ
● ●

ｓｗｎｎｍｌｎｇｐｏｗｅｒ･

Tables6and7showmultiplecorrelationsandthetestresults・Thisanalysiswasdone

consideringｓｗｉｍｍｉｎｇｓｐｅｅｄｓａｎｄｐｕｌｌｆｏｒｃｅｓａｓｃriterionvariables,and3physiquevariablesor

４muscularstrengthvariablesasexplanatoryvariables・Thesecorrelationswerecalculatedby

applyingthemultipleregressionanalysismethodtoeachpartialcorrelationmatrixofTables

２through５．

Table６．Contributionofphysiqueandmuscularstrengthtoswimmingspeed

ＫＳＰＳＴＳ

GＡＧＬＧＭＧＨＧＡＧＬＧＭＧＨＧＡＧＬＧＭＧＨ

214

0.75

360

1.72

87

0.40

216

1.89

208

0.69

117

0.16

285

1.62

423

2.94＊

204

0.68

435

2.68＊

180

1.73

341

5.08＊

270

1.21

338

1.45

７
２
１
９

０
８
５
８

２
．
３
Ｌ

310

1.95

364

2.06

217

0.77

444

2.82＊

274

1.24

179

0.37

Ｒ
Ｆ
Ｒ
Ｆ

182

1.79

294

3.69＊

Ｈ
Ｓ
Ｐ
Ｍ

Ｎｏｔｅ:ＴＳ,ＰＳａｎｄＫＳｍｅａｎｓｐｅｅｄｓｏｆｔｏｔａｌｓｗｉｍ,ｐｕｌｌｓｗｉｍａｎｄｋｉｃｋｓｗｉｍｉｎｃｒａｗｌｓｔｒｏｋｅ,respectively・
ＧＡ,ＧＬ,GMandGHmeangroupsofallsubjects,loweragesubjects(6-7ｙｒ),middleagesubjects(８
－９Ｗ),andhigheragesubjects(l0-12yr),respectively、
ＰＨ＝physique,ＭＳ＝muscularstrength,Ｒ＝multiplecorrelationcoefficient,Ｆ＝F-value＊＜０．０５

Table７．Contributionofphysiqueandmuscularstrengthtopullswimmingpower．

ＫＦＰＦＴＦ

ＧＡＧＬＧＭＧＨＧＡＧＬＧＭＧＨＧＡＧＬＧＭＧＨ

＊
＊

８
５
０
７

２
０
０
４

５
６
６
６

176

0.50

410

233＊

672

15.13＊

５８６

7.06＊

＊
＊

０
３
０
９

３
１
３
５

５
０
６
Ⅱ

＊
＊

１
４
６
２

１
６
７
４

４
．
４
１

１
１

＊
＊

７
７
７
５

６
３
３
８

４
４
６
Ⅱ

＊
＊

刑
川
棚
Ⅲ
１

＊
＊

６
９
４
２

０
９
４
６

５
Ⅵ
６
Ⅵ

１
２

645

13.05

６３０

8.88＊

561

7.19＊

586

6.01＊

373

2.53

455

3.01＊

＊
＊

２
４
８
４

３
６
４
７

５
‐
５
６

２
１

ＰＨ

Ｒ
Ｆ
Ｒ
ＦＭＳ

Ｎｏｔｅ：ＴＦ,ＰＦａｎｄＫＦｍｅａｎｍａｘｉｍｕｍｐｕｌｌｓｗｉｍｍｉｎｇforcesexertedintotalswim,ｐｕｌｌｓｗｉｍ,ａｎｄｋｉｃｋｓｗｉｍ
ｉｎｃｒａｗｌｓｔｒｏｋｅ,respectively、

TheothersignscolTespondtothoseｉｎＴａｂｌｅ６．
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SignificantcorrelationsarefounｄｂｅｔｗｅｅｎｓｗｉｍｍｉｎｇｓｐｅｅｄｓｅｘｃｅｐｔＫＳandmuscular

strengthinGAandGH,ａｎｄbetweenKSandmuscularstrengthiｎＧＭ．Noswimmingspeed

showsasignificantcorrelationwithphysique，butpullswimmingforcesshowsignificant

correlationswithphysiqueｉｎａｌｌｇｒｏｕｐｓｅｘｃｅｐｔＧＬ,andwithmuscularstrengthinallgroups

Theseresultsareconsideredtoindicatethefollowingjfirst,strengthrelatestoswimming

performancesoftotalswimandpullswimincrawlstroke,ｅspeciallyinchildrenoverlOyears・

However，physiquedoesnothavearelationshiｐｗｉｔｈｓｗｉｍｍｉｎｇｐｅrformanceinschoolage

Second,strengthandphysiquerelatetopulｌｓｗｉｍｍｉｎｇｐｏｗｅｒｉｎｃｒａｗｌｓｔｒｏｋｅｉｎｃhildrenover

８years・

Ｅｖｅｎｉｆａｓｗｉｍｍｅｒｈａｓｇｒｅａｔｓｔｒｅｎｇｔｈ，withouthavingtechniquetoconverｔｉｔｉｎｔｏｐｕｌｌ

ｓｗｉｍｍｉｎｇｐｏｗｅｒｏｒｓｗｉｍmingspeed,ｈｅｃａｎｎｏｔｐｒｏｄｕｃｅｇｒｅａｔｓｗｉｍｍｉｎｇｐｕllpowerandspeed

Therefore,theseresultscanbeinterpretedasfollows：Theolderchildrenpossessedhigherskill

thantheyoungerchildrenafterabout2-yearsswimmingpractice・Inaddition,higherskills

areneededtoconvertstrengthintoswimmingspeedthanintopullpower・

Ｄｅｍｕｒａ（1978,1982,1989）studiedtherelationshipbetweensｗｉｍｍｉｎgperformanceand

physiqueandmuscularstrengthinskilledswimmers,determiningthatmanyphysicalelements

relatecloselytoswimmingperformance、Otherresearchersfoundsimilarresults，using

competitiveswimmersassubjects．，emuraandMatsuura（1983）alsodeterminedthatthe

increaseofswimmingspeedhasacloserelationshipwiththegrowthanddevelopmentofbody

linearityandstaticstrengthConsideringtheabovereports,itcanbeconcludedthatphysique

andmuscularstrengthrelatetoswimmingperformancesignificantly，ａｌｓｏｉｎｓｃｈoolchildren

However,theresultsobtainedinthisstudyarenotnecessarilyconsistentwiththeresultsof

previousstudies,especiallyinayoungeragestage・

Ｉｎｓｕｍｍａｒｙ,physiquecontributestopullswimmingpowerinchildrenover8years,butnot

toswimmingspeedMuscularstrengthcontributestopullswimmingpowerinschoolage,and

alsotoswimmingspeedinchildrenoverlOyearsAshasbeenhypothesizedatthebeginning

ofthisstudy,themainreasonofthisinconsistencymaybethedifferenceofskilllevelsofthe

subjects．
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