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Safe exercise intensity as determined by systolic blood pressure response
during cycle ergometer with respect to gender, age and physical fitness level

Takeshi Matsubara"?’, Yoshiyasu Higuchi?’, Munehiro Shindo®’ and George Koike**’

Abstract

The aim of this study was to determine the safe exercise intensity level using systolic blood pressure (SBP) response during
cycle ergometer exercise in adults according to gender, age and physical fitness level.

The study involved 129 males and 560 females. SBP and heart rate (HR) were measured continuously during the incremen-
tal exercise test with a cycle ergometer. The metabolic equivalents (METs) and percent HR reserve (%HRR) were calculated
as absolute and relative exercise intensities, respectively. We then determined the SBP at each exercise intensity according to
age and physical fitness level for each gender.

Regardless of age or physical fitness level of either gender, SBP at six METs and at 60 %HRR did not exceed 250 mmHg,
which is the upper limit of exercise intensity set by the American College of Sports Medicine, above which the exercise should
be stopped. The increase in SBP at 5-6 METs as well as at 40-60 %HRR in all comparisons exceeded 40 mmHg, which is the
upper limit of exercise intensity proposed by Anderson and Dohi.

This study indicates that the upper limit of safe exercise intensity during cycle ergometer exercise for a healthy adult is 6
METs or 60 %HRR. However, if there is possible underlying heart disease, exercise intensity should not exceed 5 METs or 40
%HRR in the male, and 6 METs or 50 %HRR in the female.

Key words: safe intensity, aerobic exercise, blood pressure, cross-sectional study
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EZILET, HROFBERNILENSHSB-DTHS
(A7 - B, 1999). 4¥iC, BAENERHKRBELRLY
i oBEVEE, EHREOBHRE (GEBOAEZRR
EREBRAOWEE) vz (Gl 1987), HEE %23
—EDHEH (THRE: LRME) 2RIALT, BrAD
KRBICEDETHELUBEREDOBIRE T o 2 H25, A
B OB ZRRICEHT B TR IZE V.

IDIEIHoT, TAVHAR—VEESR (LT,
ACSM : American College of Sports Medicine) (Haskell et
al,, 2007; Pate et al., 1995) *EIBEE#H% 4 (Sars et al,,
2003) DEEHIE TIE, FREEWEABIC L RO
F-WETRS LT, RETHROLEEHREOHMEA
%, THRfHiX 3METs, ERfII6METs & LTHY), T
FREEICBI L Tz =7 944 XH 4 F2006CdH RSNk
ARENTWVWAS, 35612, ACSM Tit, MM EIEEITHREE
22w Td, Karvonen (1957) o F L% (LT,
%HRR : percent heart rate reserve) % #5HEEIC THRME %
40%HRR, ERR{E#80%HRR & L TwW5.

BHOREHZHET LI LHTEBENL 2P DigE
OHRT, RBFEDL D EBHOTIRBN T b B EICH
EWRER D DICEDH 3. —BEOEBEEEShI:
MEHREEDORIMIZEEY, IERMmAE (BLF, SBP: sys-
tolic blood pressure) (X#HEMICHIMT DI LT,
MMmE (LLF, DBP : diastolic blood pressure) MZ{k
(&/h & v (Hanson et al., 1966; Wolthuis et al., 1977). F L
T, ACSM (2011) T, ME#3{EEICLEBEHR
By b L—= ohib LT TE Y, Ep
@ SBP %250 mmHg & % \» i DBP %f115 mmHg % #8 %
IBEELTwS. —F, LERBPREPZOBEICH
LTk, 7¥¥—v v - 2RopERENH Y, EFHoO
REWZHERT 57012, KK L Y b SBP 5%40 mmHg
LA E % 7:13 DBP #%20 mmHg ML EIC L8 L7-4&, B8
2T LEF LwvE LTWvw3b (Anderson et al,,
1964; +HE, 1976). LEBEFICES T, AEPOBEE
ZME R, EERKE5I &2 THEEICE 5 WHEHE
MEHEINTWBE L L (Kokkinos et al., 1998), MBI
MEA—EAEL L2 R LR > T 2IRE1E, BFE%
ET 2Bl ERATHS. Dol trs, #E8Fo
MAERECREEL RIZTE FEMe AREEMEXED
(Martin et al., 1991; Ogawa et al., 1992) ZZR L7/ LT,
MEABEEC EH L WEIERED ERMEEHLPIST
BTkt BEOLVESEIIRTIBOEE R LN
MichbEELL

HEEEOZERETRF LTV R ETHREL LT,
Albert et al. (2000) < Mittleman et al. (1993) i&, 6 METs
B2 HEHTIR, EHPORREORBERRL2ME-LH

/% WH1Y TH25E1A

HBEORBIEENEL LA L2HELTVWE. S0
{2, ACSM (Haskell et al., 2007; Pate et al., 1995) R EIF
B4 & (Saris et al., 2003) D EBYIESHE A HET,
6METs A E AR 2 R EITETTE S LRMEL
DRBHBREZEDTVEHDD, 6MET ORLHIC
BMLT, BHIFLEDCEDHKE L TV 2#iEERv.

2 TAHRER, EHPOEILAKEWSBPICES %
BT, BAAPCEREBUAEL L) RRBRRERE
(WU, VO;max/wt) #4841 L7=k L XL THEL
J2HETEIZ, 3-6METs % 5 TFIZ30-60%HRR @ BHix
B ) Ix—7#ho SBPIREEFHLZL, ACSM
(Haskell et al., 2007; Pate et al., 1995) ¢ 7> ¥ —V v -
+HEAHHEIE#E (Anderson et al., 1964; T8, 1976) (=M
H5LT, ARFEEEHEREICETTE L EBHMELR
#FvsazezHMEL .

0. /% &

1. ¥M&HE

WHix, FHRESCH ¥y -0 REEZH—H
I—-AZHEMIZZZLA20-69ENENH b, EIE
iE, R, BEREEBL U OERTREhDE, £
IR BILR0F, BEZLYI-XEEEEBIZZL TV
2% 2B BUEDF— 5 BT, VOmax/wt &
MBHFE SBP DRI EEEMEN R E LTHRATH L TR
etk i L7 BAE120 A & 560 A D ET68IA &
L7 (VO,max/wt & 5BBYRF SBP DB % & L T DR
RA&EMFIZo>WTIRERTS).

ERNBENT T -AZB RIS, WEDOFELRD
b HEMAMEHOTHAT L L #ORTHHA
L, X TRITEZHB/-. SR F o Wik
ZREORBEBTERBL .

2. WEHE

RERE L LT, H&EF (YS-0A, NAVIS, KRK) %
HWwT0lem B THR %, AEET (BSC-101, TANITA,
i) #AVT0l kg B CHREDHEZ T2 &6
2, ROAE (kg) 2HE (m) D2RTHRI DL
2k, g% (LT, BMI : body mass index) %%
WMLz

3. VO,max/wt DHIE - BHF®

VO,max/wt # EF 5 7=012, HEBEILTA— %
AT 1Al 4580 4 AF» 5 % 2 RATHNEE R
WRBRYERLS. BERETHE GEEED, 1980)
DFECH- T, FAMIE 1 AHFI SE4LAHO
JAT, & Z40%. 50%. 60%. 70%VO,max 48/ HR
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2% % L) MM LA % %VO,max % HR OHIE I,
HEGEFHZEL V¥ —HRBEL TV S10 T & DIERPE
BEEHAVA (LT, E#dEE HR) GERIEAD, 2010).
Z LT, VO;max/wt DIz, QKEVHH,S 3ONHE
2317 5 HR DTG & 3R & OMFED 5 — KB
R kD, Okd7—KEWRA % H VT, 80%V0,max
BT HRICHIE T 2 438 % $0M L, @ Astrand
(1954) @ &2 5 AI280%VO0;max H:4 HR & {55
RRALT, —H, VOmax (/%) %ML 20,
#Boht: Vomax (/%) L, QFERICL 2BE (F
Bk AISIER GEEITA, 1980) B XU, Ok
ZBE (AFAOHEEEZER L THER S BRAEE
ER GEEED, 1980)) %7\, RARMICHE SN
%, VO,max/wt (ml/kg/5}) & LTHRALZ.

¥ 7=, VO,max/wt I SO EHEME 2 BRT 5012,
OABAFRREAN5F408 L L. OB R RIS D 5
% HR %60%V0,max % D4ERHESE HR ML, OALyisg
& hICHHE T 58 EE HR & MG BT 5 —KkiE
RBRADFEEHNOIUNLTHL I LEMEHRT— D
WRA&EE L. &40, SHICHW:HRIZ, &A
W3- 47OTHELRBLTEY, 155300 KHOT
HETIIEEESE 22 L, 159308 TRTLT
WHAMRRT — 71X, 1552008 ER)»6RT VD
EERENIET LTV ATRESE L, ShonpE:
HEBRT 5702 7-b D TH 5. 4O, EEH»
(20000 12k Y, ABFECHVZBMEFEICLD
VO;max/wt % #ET % TR T, 60%VO0,max H Y4 DEH
#EHR DL Z20HBREED VA, EEHE
ETT22EMBESRTVARZEALBILLOTH
B 48401 —KERRAOEGREIIEVEE,
809%VO0,max # 24 D 4E #HE 5 HR (2 1B 2 4L B R fE
FEUAMEL B EEXTRILDOTHS.

4. REFEEHFD SBP &£ HR ORIES®

SBP i, EByAMFAMEEREM® (FB-300, 72 ¥l
F. ®Bx) EHAVTHlE L. FB-300ixY) fav ¥ - o
O ra7EEMRASATEY, »7ICAKSh L
ZJhLy b4 7542k b a7EERBT
22LT, MEMZHETS. HR X, HEBURFIC
SHMELZLERDOR - REES, 1 5HOFHH
ZHBEHE L TRD7.

RHRONEIRX, HEBEILVIA—5OW FLIZE-
BT, BLESHTHEHER BT 2. B
B OWER, VOmax/wt 2 HIET 2 221 M L7z B
HINTIA-2 It 20BAHFRRICEDETTV,
SBP DillE X, K£AM 3 F0VTHI7OMEZHEL.

A0 LIS T L7 (SBP DHllEIZEB - T, 3088
HWTHT). HRIZ, £AMWICBITS 3 - 4 SHOFEYHE
AL

5. 8 BHEEICH(TS SBP DHEH

T5e K T il 10 3L 0 £ 97 SR BR IR 0 SBP fitiix 4 B 7 D A
Thb ZODH, FHETITETHEHHREL LT,
HEMHAHOHIR L RB YR (WALIE MET) (CE#R
L7: ECHNERICE D, £EBEMICHITS SBP 24
BREBICE 5T, Miyai 134 (2002) OFEICH-T, =
KEBKXERDEZ #LT. 3-6METDHHEAT
IMETs S EICHE D=k ERAICRAL, 3 - 6METs
MY TS5 SBP R L7 HEEISABLRADOE
ik, ACSM 4 - EEHLFF DiEst (2011) ofRHEH
R : VO/wt (ml/kg/ %) (=1.8x B (kg m/ 4) /
fh#E (kg) +35 (ml/kg/ 4) +35 (ml/kg/ 53)) % H
Wi BABAR O VO /wt M L% ThiRs
RARBYRN3S5 (ml/kg/ ) THRTZILICED, &
AHAFICB T 2B LREZHEHL .

Rk, FEBHAMIZBITS 3 - 45D HR DFY
fliz %HRR (CE#H| L TRV ERICE ), EEBAMNICE
\T5SBP #EREHICE o T=kER A2 RDA. FL
T. 30— 60%HRR DB T10%HRR & & (BB D =Kk E
BRISMRA L, 30-60%HRR (2 %435 SBP #51H L
=. %HRR i %HRR = GEBE HR — K% HR) / (%
BEERAHR - LB HR) 258 M L (Karvonen,
1957), fE#HEERA HR 13220 4E86 (J0/43) 53K
i,

nd, BRHYREE %HRR (283 5 SBP HOEH
HEMRT L0, RBYHE SBP L OWFHL SN
%HRR & SBP & OBRIZH VT, 3 - 6METs, 26U
1230 - 60%HRR (2 #2475 SBP fli # PIEH: I TR D S
NBTLE2BIRNET— 7y ORALML L. A
SBP G & DR, & EB)SREE IS Y3 % SBP O#ini i
P ORBRFEOME T/ SBP LARZH W,

6. #EtHas

F— 7 3P + BRRE TR L. SREOBMT
Tid, BRI LICERE RIS AR TR R4H
B AHIH M EERRE & BERBEO 2BIHT, Fu
T, HFEREL VO,max/wt XI5 LA LAV & 3
IS AR R EIC 31T B AR 2 S A B &
BN RO 4 BSOS B L 2. 4E8 L VO,max/wt % 212
4 BEICM T - B, HUEYEF SBP ISX9 5 2 DD ER
FOEMREFXEHRRAICOVTRHET 27-DTHS. 2
D7dI, BEOEORETIX, 7— ¥ P EHERT2



4 HMGE - AR—VEWRE $28% H15 FH2BFEIA

BHOBEIFLOL VI REE, 7— ¥ WERERDOY
BRIy Ry b=—HREE, 4BROBEETILERE
Vil G DAVAS
ETORERIRIE SPSS (15.0]) TITV, p 5% Kif
¥bo THEHEMICEREHEL.

om & &8

BRIIBIIAMNEFFEOKEKTIE, £TOHBETE
FERRDN, RERSBPIIBL L HIEEIRNII0
mmHg K Tho7 (F1). BUBITBIT % AHR
SBP & SBP LA f#tix, £ THO/BLH% 5 U2 %HRR
BT, ZELVIBHROFVARICHEERLL
(£Tp<0.01). 2L T, EHFKSBP &, BREDLETD
&L & U %HRR 123\ T, 250 mmHg 282 T
Whiros, —%, B SBP LA &iZ, BHoWEIE
5METs £ 40%HRR T, ZDIHE 13 6 METs &50%HRR
T40mmHg %X Tz (H1).

BRI E VOmax/wt 25 LAk L~ %
®I, ABICESTLBONRESEOKEK T, B
HOBE L, BEITER ($<0.01) L&V~ ($<0.01)
DERRL O CICKESER (¢<0.05) D7 BMIIZ
BHEALARL (<001) OEF R %, HRICIZER
(»<0.05) OERNFEEED/:. KHEOHEE, 4EE BMI
LAV (FhEFRP<0.01) OEXE%, HR & DBP
WIRER (FhE£hp<001) EHEDLXV (HRIZ
$<0.01, DBP id $<0.05) DEX)EZZD7z. SBP IZIFE
B (p<0.01) AL~ (p<0.01) DEFHF L ERE B
HVAVOKEER (¢<0.05) Bl (F2).

BV T, HEBhEF SBP WE OB TIX, BEOLE, &
BhFE SBP (& 4 METs LA E BB T L XV DO EXR
#ZH 7 (4METs 13 p<005 5 — 6 METS i p<0.01).
%HRR T & TOMET, BMICELX B DL o7 £L

®1 SBLHIONZRERE

B ik pit

FiE (A) 129 560

Fip 6B 47.1 £ 12.7 40.3 +11.7 <0.01
K (kg 68.5+ 7.9 52.3 + 6.4 <0.01
BMI (kg/m?) 23.9+23 21.1 + 24 <0.01
HR Ga/4%) 85.1 = 12.3 82.6 + 10.7 <0.05
SBP (mmHg) 124.7 * 15.4 1103 £11.9 <0.01
DBP (mmHg) 81.0+92 70.4 *+ 8.0 <0.01
VO,max/wt (mlkg/4y) 33.1 = 3.1 30.5 + 3.0 <0.01

BT EHME = BREE TR L. KBTI E 0w
tEREE A,

%35 : BMI (body mass index) : #4#&35%. HR (heart rate) :
A% SBP (systolic blood pressure) : UiHiE, DBP
(diastolic blood pressure) : JFRMIME, VO,max/wt @ H4r
YA b BRI

T, WEYKE SBP iX, £ TOMRMYRZ ST %HRR 125
Vw250 mmHg # X TWird o o, By SBP LAt
&, AMET B ECHRILANICENREZEZD (4MET
& 6 METs it p<0.05, 5 METs i p<0.01), 3 METs &
S5METs THEBEEDLAVOXEER2ED: (Fhe
N p<0.05). %HRR T3 L TOMBIHET, HMICEL*E
Dol €LT, EBhH SBP LRI, & ToORMN
5METs £40%HRR (28T, 40mmHg 28X Tz (B
2).

wHDBE L, EBEE SBP X2 TORB LR TER
(£Tp<0.01) EHEHLXL (£Tp<0.01) ICERR%E
2O, £2TO %HRR THEMICEHRE (£Tp<0.01),
30%HRR CHAD L AAMIZERFEEBD ($<0.05). %
LT, B0yEE SBP IX, £ ToORE L% S OIS %HRR
1238V T250 mmHg # B2 TWirho 7. Byl SBP L
Az, ETORBURTEBRICEHRERD (£T
$<0.01), AMETs DLETHEALARVICEHREZBD/:
(£Tp<0.01). %HRR Tid&TOAMHREE CEMICERD
Re B (£Tp<0.01), 40-50%HRR THI L X
FRREERD (£Tp<0.05). ZLC, EEHKF SBP L
REE, BHLRVICHEDL S TERFIIO6MET T, &
4ERTEIE SMETs T40 mmHg # 8@ 2 Tww/2. %HRR IZH
LT, BEH+ KA IZ60%HRR T, ZOMoOBIX
50%HRR ¢, 40 mmHg ## 2 T/ (E3).

N. & =B
BT, HEEINL A — 72k 25 ENTLE
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220 e 220
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200 - 200 w

180 . 180 **

wof * 160 l/L/i/J

140 T/Y/T 140 ,/T//T/T
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SBP (mmHg)

120 120 T—

fRis & (METs) %HRR

H

SBP E§-t (mmHg)
%3 e
g 3
X

SBP L § & (mmHg)
8

3 4 5 6 - 30 40 50 60
B2 @& (METe) %HRR

1 E#E SBP & SBP LRBOB R
@ : 81t O: &t HIHMEIHEOLZVEBRELHW
7=, *p<0.01
B4 2 : %HRR (percent heart rate reserve) : ¥ ffii s 311 &,
METs (metabolic equivalents) : {fC# 41k, Zofhizzkl &
F#EE L7



EAIGE - BT - SRR -

WRIETTTEAMERAOTHM % LIREEIZS
T, B SBP IS4 A JEICPE, 4ER L VO.max/wt %45
B L bl L7z, Zofid, EBjk SBP
& P EERRERDLNLICHERE L 6MET &
60%HRR o fi 58 Tld ACSM (2011) 23R L Tw Al
BB 1 JEHE (SBP £%250 mmHg LLE) 22T
Wixdhoiz, Zhid, 6 METs £60%HRR 7%, #EE)iE: SBP
IS SR L2 a1E, mED LRI X 0 OEEEF

It AHEMEAMIE -,
TLEh A £ 4
EEZT-

/hille BRI L A — & I O DGR E LG Y A S B L Ao 4 e s

—7, JEfpE SBP ES R IZoWT

20/ HOREDHF WM AIZE 5T
CBITTEAMIETHD Z LR REET DM
LR

WP HEOBFIIH L TEDSNLZT = 7 - L+
@l FLiE (SBP 154k #%40 mmHg L 1) (Anderson et

al,, 1964: 1.

1976) TS5 LT

WL daid

FEHREDL XL TR ELLDOD, 5 - 6MET &

40— 609%HRR o fiii PH T HL e 2 8 2 T 7=,

2 FWHEFALANNTHELLHEHICE T HRERFYE

Kokkinos et

(AR Y34 G Pl
JiSES)] e} st} 7 £ ZEH AR
(31A) (32.0) (32.0) (34.A) G W G x (K7
i (%) 35.6 = 6.2 36.1 6.0 58.6 + 7.5 57.1 6.0 <0.01 ns ns
VO.m ixfwt (m}!‘kg.’ J‘) 30.3=2.0 35.6+2.1 '30 8 + 1 2 .3.1.1 i l.] ns <0.01 <0 05
{/L II\ (kg) 75473 67.3 6.7 70.0 = 5 5 61 b + 5 {) <0.01  <0.01 <[} Ua
BMI (kg/m?) 256 +2.3 23.0+ 1.8 246 1.8 22,620 ns <0.01 ns
HR (1/57) 923+ 147  84.2+10.0 82.9+109 81.3+11.0  <0.05 ns ns
SBP (mmHg) 127.2+£12.9 1200%*13.1 127.4 £16.0 124.0 % 18.3 ns ns ns
DBP (mmHg) 81.7=89 78.9+74 83.3+83 80.0+ 11.4 ns ns ns
(i 2o i Lot plit
fietkh wteh {idE 9] Wikt E2h I Zh R
(136 1) (135.A) (143.0) (146 M) i fif ) x
i () 314 £4.3 29.2+4.3 49.6 = 8.5 19.8+ 7.3 <0.01 ns <0.05
VO mmu’nt (mlﬂcg”}) 28. 33 5= =g 7f Tt 1 ‘l 320+22 <0.01 <0.01 ns
P l!\ (k;,) 55.3 74 49.9 + : 8 54. 1 26 5 49.5+ 5.2 ns <0.01 ns
BMI (kg/m*) 21926 19.9=1.8 22322 20319 ns <0.01 ns
HR G11/4) 87.7t 114 83.3x9.9 82.0+=10.7 77.9%+ 8.1 <0.01 <0.01 ns
SBP (mmHg) 108.0+10.1 106.1 =8.2 116.4 £13.2 1103126 <0.01 <0.01 <0.05
DBP (mmHg) 68.5+ 7.2 67.8£7.1 TIBETT 714 £ 8.6 <001  <0.05 ns
BT I = B 2 ’C"j\Lf_. Al BT |02 ZC RS T % o 7z,
i ¢ ns (not significant) @ 73284 L, Toflldd] ML L7
240 240 240 240
220 " 220 220 220
200 " Um 200 200 s W 200
2 1m0 t ll/_,’ 2 180 T - ,L £ 180
: B 'H' 5 E z
E 160 l( ,/;TT E 160 E 60 /J. E 160
= 5k 2 =
5 o L'lT ‘T & 10 2 10 LJJ |n ‘T/T g uo
1204 | 120 120 120
100 100 100 100
80 -t A B0 80‘ = 80
3 1 G 30 40 B0 60 h] 4 5 6 0 40 B0 60
G845 B (METs) %HRR 4@ % ik (METs) %HRR
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al. (1998) & MBhEF SBP AR L b b P39 T37 mmHg
ERLHE, AEERKEFISEITWHEESHLZL
EHMELTBY, BESL Y OLDISEB) 21T B, &
BEOME A5 SRS EVHEECERTIRETH
5 DEDIENG, MEFEMIHT L TIEFLELTIEE
CTWERDOD 2HICOVTIE, BB AIXSMET &
40%HRR %, ZEDEE 13 6 METs & 50%HRR % %4258
WAEITCTE S ERMEL LT—HEREL, Thllo
BT, EREEDL XV EER L/ LT ME%
EZS) T LD OB EEETIONET LWL
Biha.

72U, ABIRIGERESN 1 Hao—XxBEMICE
BL, PORBRMENEEROELNRICLZDD
T, BPNLHRIZEL DA T AP h o TV BRE
HAEBETELVWI L, EBHHEORERAERFTS
BRIMEISE 2T TR, LBEHOELRH R E OER
REICRENWICHNTILENH LY, Chonl b
BETETwRVER, MAOBRTHY, HFTH
SBPIGE D S HIMF L 7o B8 2 REICEITTE 5 LRME
DERTHHILEHITATBLENH 5.
HEOREMAL LT, 6MET 28A 5:8HHicon
T. Albertetal. (2000) (F-LIMERBOBMENLV-EE
HRICLAHET, EBFORREOBRERENREE L
D H16.9%m { %% Z £ %, Mittleman etal. (1993) &
HOBHBEDREN6ER LI LEREL TS,
S OIS, FEEFEES)OEEHHE L FTETHE L OBE
HICOWTHEL TV B RATHAETIX, 6 METs 25LH)
DREMZHERT 57200 —2OME & % 5 THEH AR
HEhTws, T/, Tanakaetal (1997) i, MBHIKE
DIV RRARIEE A T 50T HRECHW L
T, SBP & HROZERC/h 52 (DPBP : double product
break point) BT 2 L ¥ W|MEL Twb. LT, [
M X 2 EBEEEHEFR I EXHSMISATY
A EIZAT (RERIZA, 2003), #9HDO—BAT
13 DPBP 4R #UEH, 3 - 7TMETs 0HHNICH
I ENBESIATVS (BEIED, 2011). Bkl k
LARFRERREEM T2 5L, 6MET ¥ ToOMENL, £
WHRAIZE o TREIGEEHAIRITTE S AMME L Ri
FTIENTELLEZ Tz HXNKEB)HRIE DR
T3 560%HRR DRBH DL LI LT, ACSM (2011)
TlE, HREDEBETIENH D b DD40-80%HRR %
/L TBY, 60%HRR I ZFDOHHNTHS. T/, &
AETINHMEICRER SN [BES L ) D7-HDAHFT
Bt Cik, BESCHAEBICBITLHEHEL LT
50%VO,max % #3E L, &0 E L THOBE HR A%
138 - 4E#p /2 (BALIZI/ 57) Tho i, Thi

HYETH I EBBEINRTWS (R, 1990). 60%HRR
OHRIEZFNIZHARTETREVL DD (408 TREH HR
AST0H1 / F DS+ 50%VO0,max 484 7 HR 121183 / 5.,
60%HRR (313641 / %), 50%VO,max I3 AHBETH, &
BoREt L AR E RAMA L HMETHY, EHHIHE
DHHEFEEBEL D DEVREZOREEFERT
EHFRBMELVHIBE»ST I L, ¥GHIIBEDLE
WeEZ 7
FEEEATFOMELSIBEENKEV. Zhid
MG E A AR & BRI MEERIC L VA Sh T
BY, IhodtE, FERPENLAVTRRE-DTH
% (Martin et al., 1991; Ogawa et al., 1992). tHZEDREEIC
DWTiE, BHOHMPBRBFHERIZIZ T &2 6.0l
BPEKREL, COOEBHENEIEEY, RATHE
FHEHPOMEABEERTEELZOLONTWS
(Higginbotham et al., 1984; Proctor etal., 1998). Z®DZ &
ARHELT, RFERTHETOMENE - FA0 I ELBY 5 EE
BT, MBiEFSBP & SBP LA L b, B
PEEIIEHEEZRLLHEREIN.
ERHOPBEICOVTIE, HBRMME TS M IRE
BEICX DRI TSR, IV B L REEN
T3 %7-% (Martin et al., 1991; Dinenno et al., 2001),
BEREOFPRRTAREFEELH o SBP I B E% R
TEZXONRTWVS., REETH, KHEDHER, X
B - AN RO EEh AL 2 M3, £ OF —EBYHEE TH
BYBF SBP i3, {KAERMEE L B L CHERBOFIEMEE
RL7 —h, BEoSelk, FHOEPHREZDT,
BRICBII2EZREL TV AETFIEMRLUIICH BT
REtEARI S 7.
BTHLRVOEBIZONWTIE, xRy EE IS TT
HIMEIRHBEEEEFEDIEEIZEEY (Martin et
al,, 1991), EF &\ (Tanaka et al., 1996) REDH S LW
(Steinhaus et al., 1988) & W HMENREL TW 5.
VO,max L MBI > ¥ 2 ¥ > X (EROEHK) oM
BIEOHBEMND Y, FREAEMEEENIEVIIEE, @
FHEBREIBERTVE I LARBE R TS (Martin
etal, 1991). Thas, AWFEICHITHE—RFLREICH
W, BB SBP iXR IO PEMEEL R LI-ERE
HBREh, BUHETIHERLILD, BHLRLOECHHE
BERIZTIEEZRBTEERLELZ/. —H, B—
%HRR 2B WTHEEE SBP iDL XVOEHR R
Di-Dix, ZKEDIO%HRR DA TH-7:. Zhid, B
& HFAl— %HRR O LA, BEHHETIIERADEE
HLEMMETO6METs W s B L LEESH
72, KRFEOHES L~V TEHMT L 78D VO,max/wt D
Fiyliz, BHEOBER + HEHHH30.3£2.0 ml/kg/



BRI - BB - SR - /il BRHLT L I 2 — & SRBYINE O URHE V) LIE BE 5 A & Bt L Aod2 4 e ML 3 I5E 7

5. ERAERS + BN BA30.8+1.2 m/kg/ BT, T
H4 XH 4 F2006TRENTWVBE0R[LDOBHEST L Hh D
HOREMETFTESL LAV TCHoT. —F, KO
8 + KA R328.7£1.6 mi/kg/ 77, EEERS + AN
B1327.7+1.3 ml/kg/ 57T, EEMT TS0 0 il
%, BEMHETORROELEM[METHRALLANVTH
oo oD, ABFERE R, EEOMKER - WL ER
BHLARVEBBETETOWEZWERIICBIIA2b0TH
5.

AT, ETRRAZEICMET, W22DR
FhHD. ACSM (2011) 7 ¥ ¥—v > - LIEDOIMAE
B9 BBk & # (Anderson et al., 1964; 1 JE,
1976) Tit, SBPIZMMZX TDBP DWW T H IR ENT
VWA, BHFETIIDBPICOWTRITE TV AW, &
N, %&1THF% (Hanson et al., 1966; Wolthuis et al., 1977)
LRI, BB DBP ML LA LA Led o7l &
R, FRAGEIFRON 2D THDHH, DBPICHL
TOHREHETHPLL, REZERATVLEND 5.
¥/, EBRFMEL, SHHRLEHRXOLEE T
5. WA, F— %VO,max DEBORE, HEEHT L
TA—F I LBV TA—FOHMPMTEIERME RS
Z &% (Astrand et al,, 1965), HEEH TV T 2 — & il
&MLy FIVEBokETZ, EEIBME I HiEdT
NIRXA—SDFFBEERTIEAFBESA TS
(Fernhall et al., 1990). D73, AMERERIZHFT
LHEHI NI A -y EBICRELLERTHL LY
BIi T It shw. LT @BoHOR
ERFLLToOLBEE %R T 5B, Albert et
al. (2000) % Mittleman et al. (1993) @ & 5 IZ.LHHgR
MEORAEL T Y FRA ¥ M LAMKWBIENLET
b 61, BLHORNREREOBTIE, KEME
AOFBRICGEVEZD. ik, BRONERHEED
LARNVEEIL, ERERZSMUTHRMTI LAY, BkE
NENOERBIOEI LRV OBEEME CETH, Mo
BICFRCFER B L TR W L E2RBETHLDT, &
ROBBUIZERSLELZEZ /-

V.5 &d

MEhHE SBP 38R E LT, BESL WICHABT, »o
REWETTEHARFELT O LRBEIIONT, &
HERA (B, 20-698%) =X RIS LT, UTD
HELHL
(1) HEEINVITX—58HH 0 6 METs (Hxf#:ls)

MMEE). 60%HRR (HHxSH0EBYIRNE) & Tid, WBHHY
SBP (3 ZEHETH 5250 mmHg LT TH o 7.
(2) EBYKESBP & SBP LAftiE, 4 - 6 METs @Bk

BEIZBWT, BHETREDILXVOBEVHEIEVE
Ly, EHTHHDILARLVOBECENBVRELD,
FLEROBVENMMEVEL Y FTICHMERL
7o, ¥ 51230-60%HRR OWOhHAE T, KHEicH
WTOARERBOFE OB L ) HRICHMZ R
L7

(3) B L LBl SBP & SBP EA#IZH
LDEIRFBRE->TWBEH, 5-6METs, o\
1340 - 60%HRR O i D WA 5K BETid, SBP L7 A
LDEBEFERTHTHEN DS 540mmHg 282 5 b
DTHo7.

ThenZens, REBRAOHEHEILVITA—5
BCid, MR IBHSREEAS 6 METs, HH5%% iy 0 3k BE A%
60%HRR 0 EBHEHRE T Tld, BRESHVIZEYT, »o
REIETTEL LRBMETHL I LATHI R, L
ML%A S, SBP EAREER LGS, LREELH
RTLUMHEEELRET OO LRMEL LT3, B
DOYyE1E SMETs & 5\ i3, 40%HRR %, ZHOBEIL
6METs 5\ id, 50%HRR ICT A LHAEENS.
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Distribution of water velocity and respiratory metabolism during tandem walking
in an experimental flume with 4 underwater treadmills.

Masami Hirano"?’, Mamoru Tanaka'?’, Akira Kiyonaga"?’, Hiroaki Tanaka'?,
and Yasuki Higaki"?’

Abstract

The purpose of the present study was to investigate the distribution of water velocity and respiratory metabolism during
tandem underwater treadmill walking in an experimental flume with 4 underwater treadmills. Water velocity in an experimental
flume was measured at four pool positions (0.1, 1.0, 2.0, and 3.0m) and depths (5, 25, 50, and 75 cm). Ten healthy males walked
alone on an underwater treadmill in the upstream side (A). For condition A, subjects performed six 5-min intervals with treadmill
velocity increasing from 0.7 m/s to 1.2 m/s. Underwater treadmill walking at the downstream side involved walking alone (B) and
tandem walking behind another individual positioned upstream (C). Conditions B and C consisted of three 10-min intervals at
0.8, 1.0, and 1.2 m/s. The subjects alternated between conditions B and C every 5 min. Water velocity was maintained at 1.8 m/s.
Upstream and downstream water velocities were similar; however, as the water depth increased, the water velocity decreased.
No significant differences in respiratory metabolism, exercise intensity, energy metabolism, and rating of perceived exertion
were observed between conditions A and B, however, these were significantly lower during condition C than during A and B. In
conclusion, the distribution of water velocity in the experimental flume is different for upstream and downstream for each depth.
However, respiratory responses are hardly affected by different water velocities between upstream and downstream. Additionally,
the exercise intensity demand of tandem walking in the downstream position is lower compared with walking alone upstream or
downstream. The present study suggests that during tandem walking on an underwater treadmill, the velocity of the treadmill
needs to be adjusted to ensure that the required exercise intensity and energy expenditure are achieved.

Key words: tandem walking, exercise prescription, underwater treadmill
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ERPEFTOAMFBETTA2I LAKEMEhTEY
(Sutbeyaz et al., 2007), IB#FOFERSEE*BME LI
IOV T, EFMEEE L & HICRER AR
EBRTHILENDS.

AKPRFECOMBYIL, WHRHER LRI NEY 57—
ar7ursAllANPORETHEILIRINT
V% (Brinks etal., 2009). *7:, MSEHEWRT A FS5 4
> (2006) TiE, MEEBEICH LTG0 ES
AME, FFICHBHEIL T A — 7 —RKKIC X B HHERED
B AL T2, KeblBhid, B LB T
FHCEL 5 THES~NOEEHFEIERIND L (=
B3, 2005), ESRARO LR FBE L L (EHE
13h, 1998) %L OB H L. BiEEIZL > TRk
frekikik, BSi~OBR2BHEEABHTLLATE
BN AN TH 5.

MBHRL T OEBFIIE, MBI 2 ISR EE O
LEETHD. 7AW AR—VEELKOIKS (2011)
kBl RAOKREE - hhzWEI LI LD, b
GELDPEMBEOMBY R L TS, L2 L, XA
I VT T = NVTORPETIE, BAFAEOMBTAELS
T—=NEEROKDFEN L ENHEERT L0, BhRED
BHEVEESH TRV, S6I2, BBOREFRIIL 228
&, kEO®FIX H50cm (b7 ) KOBHAGERT 5
K774 07 /—rsh, BHKEDTFNVE—H
BAH25~30% B 5 Z EAE SN Tv 5 (Janssen
etal, 2009). ZOBRIE, KPBRTIIBNTH, BHA
PRFIRITT AL TR 774 YRR LTV S
EEZONS. LAL, ThIThkPHEiITHOFT T
74 ¥ 7 L BREEORRIZ OV TRE L#E I v,

WAKZ—nEAPILY FINIEE, 7TAY—=1
(Brubaker et al., 2011) 25 &E#E CEEIZA,, 1994) F
TIRIEWCHREOKPRITEE 707 7 ARSI T
Wa, KbBETOEBMER, S NVOKE PLyF
IVERE, KE#EES EHVEETS Ll 70
KIECRIYHE % T 51213, THREKO7—VEH
Wh R ERED ) LRSS EIC RS DBEMNTIESE
V. o T, MBEEOMEIL, KEHERL LY F3
VB THEMT 2 FEARENTHS. FLy FINVHE
ELARBEEICOWTIE, ThER AWML THETE
B, AT L o TRV REN ORI iE L
5. MLy FINEEICEEEDOKEE AN LAKR
HATIZ, Mok & Pl U TR RO R DN OB <
5 ML N TS (Masumoto et al,, 2012). %7z,
FL v NI VHEE L AKFEHEDBENABRAISEICRIZTT
HEBERHLEMAICE DL, AFHEEEZ—EICRD,
FTHEELENSES L, FEOMIMHE-> TOHHE

Wmas% W1 FH25ENA

Bt s L UBERPERFOIFRESISE I, (2IZER
BT 5. —%, KEEEHNSITORE, Kb
BEOERLICH L TRELEERSE Lo 2 LG
ST (HRIEH», 1999). Thbb, iKT—LE
Bk #ATIE, LN Ui —E ki % R
L7=ET, AP MLy F I V2SO CRBHE
EFHBETHILPBIEELONS. L LEAES, %
COWEFRTIRIAT LA RBEBEAITZ RV DI
MROBEESHREE LTHhITons. T/, BHBEED
kB, HUHEOYR— PR —HIHB)EIT) BEOHF
EVRETHE. Z0720, RBOFEHKT—NVEH
BBAORBERIE. FARONE, MEEBMEIC
Wb oW O-DICHENTHL LB bhd. LD
s, KEDOFEAS—VHIKP MLy FIVEE
LR TlB 21T ) a1, KEEESMROE,
HHOK PR TR OB IR R BB RKRICHRIT T 5BOA
ORBICLIXBERHTILEND 5.
FICEBIEE, 44D Ly FILEFZRBELALAR
KT —WITBIT BRFERES G OB L ITEBL, BT
ZAFBETRICBOTADERF OIS & 5 RS
BEIZOVWTHRETAZ L ZAME L.

Oo. 5 &

1. #RE

BRE L, HEMICKBTORIPRRA L RERA
B %104 (4F #21.8x1458&, & K1729+30cm, f# K&
66.6+6.0kg) & L7z, KepRByEERIZEL D, HIRHED
Mg L WBHWEEBL . AR BRBEERH
(Harpenden Skinfold Calipper, British Indicators Led, West
Sussex) % BT LBEEMI L HBETHOK T RIE
Z3EFH L TEEL, BEOKX (1964) 25 S HEEHE
%K, Brozek etal. (1963) ORXA S L. TERER
it =V F o RXAKEHSE (PM TK-11242, £ #4825, ¥
B FHWT, A TERY LBES L, KEF, fIR
ke, oS EFHILA (RD. BIRICELD, H%
Fi2iE, FROBE/HEARE LML RTHCHBL,
MRESMORELE-. #, AW, BRKEDERE
FZRSOKE (11-12-01) 2B TEHBE NI,

2. AIE®wE

K RAT B OB & R0 EHREI TR
T&5 L9, FAWSTHOLEREHMAMNRAR L E
ML, MR OER S R 547 %247 > /2. Borg scale A
WTEBINREYEE &% (FC2C,PLAR, 714 ' F ¥
F) &, BANRTIOMENCHIE L.
IR, RESHTE (ARCO-2000 MET, 7 Vv
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®1 HWREOFEFRRE

F& (cm) 172.9 + 3.0
EE (kg) 66.6 * 6.0
&RERHE (%) 129 *+ 24
HiER (cm) 139.9 *+ 3.3
RKEES® (cm) 1198 = 2.8
KEETFH (cm) 87.7 + 2.8
BEE LSS (cm) 509 £ 1.9

(Pl = BEHERE)

2V RF A, W), SVFH 75— (ARCO-2000
SYSTEM-5L, 7 va ¥y R 7 &, Hithi), 26D 3
FIUTF =D O S AR E S %
Hwv, I3V 7F v 8—FICTHREL. =R
¥— 2R (2700 T-Shape™, Hans Rudolph, Inc., Kansas) {2
MOEEEFERL, —a2—Ty IR ¥ Y
FryN—DOFICERLL:. WET— 21, 1288
Y7V 7L, 15BICEE RS FRABOIRE
ELT, ERBNUR, R LR FEPEME, BRI,
MR AR 2R, /2 TR VF—RBEIE, Weir
(1949) X ZH, REHEEIL, AHLR (v V) %
WML ), EBRBIMAEIC, WRAFEEITRY 7
Wy 7 LORBOKIE, Bi#EH X (N, Balance, O,
14.97%, CO,: 4.50%) & K& # R # B (Ny: 78.10%, O,
20.93%, CO,; 0.04%, Ar: 0.93%) DIMTHIEL . T,
Za—%¥%ajfmitid, #Hdk LOREBOKIE, 3.000L
DOREIER Y ¥V EHWT, 05 510L/s fEFH THEERE D
S HECTREL.

3. WKFT=IE&kh Ly KII

WAKT—Wid, ADE—r—LTURSIZLHEH
WRBEIFHEAE (AL L5147, YXNR0TI2T75F97,
{EifR™) THY, BB 180cmx334cm, KiElm (2
BWEMMEDHEDAANXKP P Ly FIVPREEI AT
Wh, KIEEREE, 0.1m/sfEICIRKL.8m/s T TRREHST
BETHB. A bl vy FING, #EFICEESH &
AR ENZHMT L CT0.1m/s ISR K]1.2m/s $ CTHl
BEFETHENTETH L. BHIEICBIT K45
fiotgEOMEBIE, EFEMO ML v F I VIR
A 571+12cm, FHMA239+14cm (ZH B L. £ 7,
HERORENE, FiR22.1 + 15T, BE60.5 £6.8%, X
i#30.8+0.3C T -7z,

4. E7aba-n
4EDOML Yy FINERBLAKEHEKS—VIZBIT
AARTEEREZIBBT 570107 — VRO KT HEEES

HEEMLE. £3. KT VAOKFEGTHIE, Kl
HEZ06, 1.0, 14, 1.8m/s ISERFE L, 2K BREE AT
(ACM200-A, 7L v 7 BT, WEW) HVWTHENLZ.
FHUMEEZ, F—hRiiBwWTREFEORHBOD S
0.1, 1.0, 20, 30m & L, ZhEhKkEA 55 25 50,
75cm DIKEE L7,

KIZHRF) = AR BRITHICB VT ADEREBEOENIZ X
HIFRABICEERET L. PHERE LT, #HEH)
BAMEED b Ly F 3 VEEEOBNIEIC NS 5 RRA IS
BEoEREERF LA (A %M. FHERG, Lo
A rLy FIVERWT, 1.8m/s D—EKKEET b
Ly FIV#EEE07~1.2m/s DI T0.1m/s 308
g, BAHSTHEOKPETERRZTV. 4~55H0
PiyliEAREME L, T4, LA E ETEREBHRE
2, HAWRTIOENCHE L.

NG Z AR R ABATATERACRIS B IS RIZT B, W
—HREIIHL, BRI LOLFE THICEB SN
FhFhOAb Ly FILVEHWT, AOEEBEOEN
WX BHE T o 72, KB EATIE, 1.8m/s O —EKHEH
EIZBWT08, 1.0, 12m/sD Ly FIVE#ER2FN
FNI10GFRIT -7z, F—bFL v FIUBREDI0GHAAT
&, AL BE055 M T2HBO ADREIZ X - THEK
Shiz. FITHOAOREBSRMAE FTHEOKF L Y
FIVERWEH—ASTRE B£&H) & Lifc
BOBEERCBHAICTHM L v FI V2B
G740 (C4&M) L (R1). %/ Wifl,
Ty ARIERFCTERKL..

MR R BRI, BAWRUEHD4~57 B OFHM
FRFEME L, OHEBE EBINEBHEEL, SAFRT
BMENCHE L7z, ERFEHRFHIENL DI, £
TOBREVHANHE2To7. W, EBROFH»S
BLUVCEBFIEL, EERL B, Lk ELERM DI
WP EDZEEIRECERL /2.

5. WEHams

ATERATIE, HEMLEEY 7 b PASW statistics 18 (IBM
SPSS) # W THiTo 7. iAKT—=NMICBT BKIEHEED
BOEM & ERHOMER, AP Th 0L & BRRR
RO BERIZDWTIE, Pearson @ B A 5¥7 % 17 - 7-.
—ERTHREICBIIDZAP MLy FIVEEROBEH
Wit, —EMbRFHEMR, O EB8N0ESMREICO
WT—REBOFHAF LT, HREEZADIRIC
YiigME L L C Bonferroni EZ1T-72. 72, MLy
FINVHEBEMEU A~ C MM SFRARIERICD
WTZRRBOFHANEIT., BHEREE U GRBA
[ D53 H7 1 Bonferroni RE X {7072, TXTOHOHFFK



14 WIETET = A oK — v 20 %

1 KpHITRHOME

A EfEfoRkp Ly B VET (A EF).

B FHiflokdp b Ly FIvEMWAHN— AT (B
F1).

C @ i b i H A CDHAICTHRM Ly FI N
w Hu7oHE AT (C &),

12, el (p) 5% KiGe L7
m# =R

AR L 7oK E & 2 L 7o K e 1 0 R 1%, i
C20 501, 1.0, 2.0, 3.0m §<TORHILE 0K E5em
E25ecm Iz BV TA E A MM E 20 /s (X2-A,B). —
Ji. ZKEESOcm LA LTI, KU 8 0 Y 2 I FEATA &
., KES0cm DR ITA 52.0m OFHIIAE Z B £T
WZBWT, EREM & FE IO B R AR AL L 7%
rods ([2-C). KB DR EM & D 2122w
T, A TOFHIAE CREAR§ I & IChiEH o6&
ANEL BoTHEY, WEOEE, KEMNERLIZD
NTHFEICREL LI ERR LA BEd 6 oMl
HEOFEIZDWT, 3.0m OFHIALEOKEem (£, [ LK
EICL D ST MoFHNAE X D & AT X A7)
Edodz, Dol Ehs, Ktk LERAETT
B E BITHKIBIZE o TR - T

R ENEARTED b Loy N 3 OVEEO WIS A
EREICOVWT, Ly FIVEEO#HNR (0.1m/s) 12
PRy, BRSO & TREE BRI R AT IS L
7o, OHIEGE P Lo F I VHEIE0TmM/s & B 0.8~
1.2m/s I2BWT, F72, EHGETHRIEL, FLy F3
JVHEEQ.T £ 0.9m/s. 0.851.0m/s, 1.0& Llm/s (2 E7%
e o7z (p<0.05).

HEF T ANRIREETRRICBIT A2 AOREORWIZE -
T, BEHEOGE, TRMbRIEHEGE, AU DA%
Ay UFICE AN F—HEEE, EBEGEE LY F
IVHEE ISR EARE i (382). RESHUNGE, AR
bR, ki, A v B lc T R L F -
2, ARUB&MAICILLTC &2 AEAEMEEZRL
DL, BRMAFICH L CC AP A ELREER L.
FRET R X, RS b Ly FIOVEEEISA R
LEHERZ RO o7zh, ARTB&MIZLTC

H28% W1y CTPR25EILA

A Xy e 102 0= 0.9, p < 0.01 B X y*035x, £+ 0.95, p £ 0.05
20 1@ ye 101012099, p < 001 0 2.0 - ®ye041n =098 p<DOS v
18 {C vy=099r=098 p<001 < y= 0415 1= 097, p < D01 S
oy + y= 062 r=099 p< 001 N 18 4+ v 046x 1= 097, p< 001 /
E B 16 A o
- 14 E 144 e
& 12 %2 v
B 10 H ]
 as % 0s
g " $ 03
SO & X 08
B 04 = 04
02 /"‘ ® 02
00 - 0.0
00020406 08 1012 14 16 1.8 20 00020406081.01.214161820
C %°7xus . e A
| // BOEAHEE (m/s)
16 | O Y7015 =094, pc00s i
eI Ve
E 14 p
-~ 12 /,/
E‘ 10 "
i’;—; o8 //
i P
= a1 / .
9 <
® z; P b .

0002040608 101214161820

EEARTHE (mfs)
K2 7KZE5cm (A). 25cm (B) HLUS50em (C) I

BT DEEEKTHERE ESERAPK TR E O MFR
Fiid 6 OHE:0.1m (%), 1.0m (@), 2.0m (), 3.0m (+).

FUPABEICEM LR U, B ati, &MAmIc
ABLGETFEO o7 WRZHRILIE, AZRKHELID D
C R HIIMiZRL (p<0.05), B&flL CEMf
CHERZEZED Lo/, o &nb, H#FIHT
BT ADBR B OB X BEF#EE & 3L F—{L
IR o T F72, BEHEAOOMEE BEH
ot & oFRICH B IEOMB MR EED 72 (K3).

®2 BERHEICHVTZPRABIEREROEERE DL

Ly FSAME A &E B CHEH
BRERE 0.8mfs 1386 * 143 1332 + 182 1043 + 126+
(ml/min) 1.0m/s 1695 + 197 1687 % 177 1253 * 121k
1.2m/s 2084 + 239 2029 + 277 1533 £ 151*k f
ZEE R 0.8 m/s 1220 + 119 1141+ 169 863 == 136 =b

(mlfmin) 1.0m/s 1548 + 197 1542 + 197 1120 * 126>
1.2m/s 1953 + 241 1891 *+ 301 1368 % 156t
Ba 0.8m/s 208+32 273+36 215+29+=b
(L/min) 1.0m/s 364+54 353+39 268%35¢b
1.2 m/s 459+70 43280 330+39f
ERASLE 0.8m/s 215*+14 205*13 206%*11
1.0m/s 215+15 209+10 214*17
1.2mfs 220+19 212+14 215+11
PR ZEB 08m/s 0.88 =0.04 086 *0.04 083+ 006"
1.0m/s 091 +0.03 091+003 090+004°
1.2m/s 094 +0.02 093 +0.03 0.89+003*
vsizp-4 0.8m/s 107 £ 15 106 = 15 9513 *
(beats/min) 1.0m/fs 123+ 21 122 + 18 108 16 *
1.2 m/s 141 + 22 140 = 24 120+16 * 1
AR A 0.8 m/s 10+3 10+3 92 ab
1.0 m/s 12+3 12%3 11+2 =b
1.2 m/s 1443 1342 1243 b
Ao 0.8 m/s 6.0 =08 58+10 45+07 b
1.0m/s 73+12 73%12 54*08 b
1.2 m/s 9.0+ 13 88+16 66+09 =&
TRAX—HERE 0.8 m/s 6.7 +0.7 6.5+08 50*06 *b
(keal/min) 1.0 m/s 83+10 83 %08 6.1+ 06 *b
1.2 mfs 103+12 100*+14 7508 bt

GRSl + BE(RA)

BEMFZTICRIR .

A S vs. CEfF (p<0.05).

*.B &ff vs. C &fF (p <0.05).

ToESE x KPP Ly FIVEEE (p <0.05).
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MW O A%t
® Bt
200 1 o c&ft

:

&
8

:

B
8

BARERE  (ml/min)

[
8

r=0.99, p<0.01

:

e @ % 1o mo bo b0 mo 5o o Do
L% (beats/min)

E3 LHfil—AHT (AFMH). THAU—AZHT (B
) BEUOEIICEHITRENET (CR{E)
EFDBHRIBINE &R oOBa&

BRMIER ISR,

V. & %

AWFEIE, AHDO MLy FIVERELAKBEK
T=WICBT HRIEEESHOMBZIERL, BFIZA
FIFRAITRIC B VT ADREOE I & 2 IR HIEE
WZOWTHRE L. 28R, FHETHW KB O
KT7—noXKuismik, LEMRUCTHERME S IKEIC
X o TRMEENR 2 o Tz, BFI= ARIRESITRIC
BWT, HIIBTEOLBYRERLIFRAIIEE L, KL
BT LEHEHLMIILL.

T — N DKEE D KI5 2VTKEESem & 25cm
X, BO»54>o08HHE6z#E (0.1, 1.0, 20, 3.0m) T
ERUFHESZD O A, KESOem BLE TR &%
MY Ll hole. —F, KREBEOKKEEL, e
B L TKIEESem THIY7 + 7%, KiR25cm T4 +
7%. 50cm Tl4 + 4%, 75cm T4 £ 3% THho7:. T4
bbb, FILMETHH A6 KEIC L > TRIEFEIR
BoTwhILERLE ChoHDERIE MNFFIEL
DFEATHFFE (1991,1992) L FE L. F, ABFET
77— v OKG B O ASKE & KER50cm o B
Hotzlzd, FKT—NOBMODIIRD KSR
HDOEEBEIEEEZRIZLA (HPIED, 1973) & T,
KEDPEL 2B 1o THABRBEL 2 EZOND,
KEES0cm i&, BEREBEDOBEH DV THEI Lh 6, FVWFE
TOWHEDBAIL, PMELHEBHTTRERHICHT S
EWTE, RELZBITEWEICT 29 Ll

KIS, 7—=NVOLEE THROKFESMHIZOWT, KiE
Scm DA 53.0m DALE X, WOMHE & HRTREE

Ktk D EVERICH 7. FRICHEDST, KiE
25cm O OA 50.1~3.0m F THRBRDOKFEEZRL
7o, 7, KiES50cm TiX, BUHOA 53.0m DFHHALHE
AMOFHIMLE X ) B EECH o7z 2F Y, Kits
ik, ERMBROTHRME BISKIEIC K o TKIEHEEA
RixoTuwi, EBEIIBNT. #EREOM LY FI N
BT OMEIR, EHWTFEYIcm, THMATEY
239cm TH Y, KHEAHIERL > TWAWEEEYED 5.
ZFRICHEH ST, AL B&GokhEEE, MR
RBEEIEEBOL Do, TOREELLT, B&M
DARFFITOMBETIE, KEFEORFKRIICBITSHK
#HAS0em L ED TRESICFH SN, AFHEDKE
BOKTAFOBNPHRIN-LEZOND., £D/
O, FRABEEICOENELbh -7 HBE SRS,
Thbb, EHFETHWT7—NOKEARIE, LM
ETHMO MLy FINECHRAHLENERIIGR
BIEEHNE N LHRBEE N,

WAT—NEARBFL Y F3INVERAWKDETOMR
WREELX, 77—V OKE, MLy FIVEE, KEHE
LENRERFTHS. FBRTHCLTRKT— VDK
EiX, ImTHH, KEFHREOEMUTHo7-Z &
6, KPHITROAENTEIE, BELICHTHSYS (b
PP - Hi, 2003) ThHolzeFHRENS, KiEL MG
HMEOMRIE, F—BRTHED L ERENEICEDIC
DN TEZEBENEAET L (Gleim and Nicholas, 1989 :
PEBITA, 1995), HIET S L) LRV KETIR+S
ZASHENAEOR VW ERESATVWS (BRI,
1994). T Eh b, RHFETHW 2 RE)RBEDOHE
BICHBLRAKETHLEEZOND.

7, RABOFEIZONT, FERO—AKTHO
AT =N ek b Ly FINERHOKFETROM
WA MR BiGH X, #0.17m/s (Masumoto et al.,
2009; Shono et al., 2000, 2001, 2007) #*50.2m/s (hnigiz
A, 2002) OB THELHMMAZD LTS, K
WFEiE, FHERICBVT—EKRIKEEBEDEHET TAH
FLy FINHEEZ0.Im/s BICHIY S & &, BEFEM
IEoWmABD LN Thbb, KBOFEKT—NV
EMLy FIMIBUBKRHETIE, PLy FIVEE
RS LEMIBCRELALL LT, ETFELMEL
CEBEBEL I FNF—BLBMAKTE S I LAURE
ahi.

BBARRCER T 2858171, RITEEXRLT
HHICHEHLST, HYOEBHEDOLBHE L = AL
F—RHERPBENCEPAS P ER o/ 70— VikD
BEIKBEDOOm A FETIINTI 774 Y VBRI E
L% Z L (Janssenetal, 2009) A6, F4id, #hllL



16 WHETS - AH— v 4B W28B H1% 2511

DM (M1.7m) 2HIFEILTFISF 774 X7 DOHE
PERTELLEFHLTWA. LrL, ASBERBL
T C &Mk, BEB|IURIEE (H25%) (CEMERL
7. K BET 5 YkoEGIE, HEH RERTI L)
THI LN (EHF, 1983), 7 O—ikICHN, Kbk
TROEHIEKREL, L BEHFOME T CRiEELS
BT, FI7574 2 TOREBIE--bDERD
ha, Fh Kb bLyo FI Vi MBI RE
ERZZOTEY, Py FINHEENELLBIRL,
b FORBOMENKEL LD LERLE. MHIRT
FRHCHVICEB LA L &, T AAF—HREE, MLy

T3 VEE0S, 1.0, 1.2m/s i2BWT, BIFIOMMICH
L TENEFNFEHLT7£0.9 kcal/min, 2.2+1.0 kcal/min,
2.8=1.5 kcal/min A % B 7. o TR AT
P SHEORFIST T, AEMMER T 2V F—H%
BERET L2010, AHEMEELHANT, PLy F3
VHEEEEIET 28T 05 AMERPLETHS. [
i, A4 IV 77—V TEBINTY S KPETIE,
REFIBATIC L 2 B AFERALE LT B THEMED D
D, BITERLOMB LD CTEBIES 2 Lo
LEBAELE D Lk,

BBAMFEBECAT ) KepRATIE, MPUBTTHRET S
EEHHEZ AR THET 22 L ROBENLELS
3. BEEENUL T L 2o E 8 & LB o BRI
DWTIE, EEHE BEIZA,199) 26, KA (EH
(34, 1993, 1995; Shono et al., 2000, 2007), 7 AV —b
(Brubaker et al., 2011) F THREVWEH L XV O REFIC
BT, BWilBEEXZDONTVWS, KFRICBY
TH, A B, CE&MHICBI 3. 0B L BERIU OIS
KOWTHELZEREEZEZD, SSICAANEORRE
MOBE ITEBREHICEN L h oz, 2F ), LK
EBFERENERONFEMER, KEBEOKFEAR DBV R
FUBTIC L o TKBAMIPBI L TH—ATEITTE L
ELRAMKTHH L 2R ThLORRIE, BFIk
TR ORI & 2 A REE RN AR & 25 Wikt
ARBELTWAS, MAT, FL7— VTR K
ERETE Vo, BFKBETOHRTI OB HRE L
IHANF—HRBREE, BO@EY) PLy FIVDMER
MBI & - THIENTRETH S, - T, MFIK
hRITOBETHoTh, HM4 K54 v ETHREND
SEET, WEHHLHOMEERS T IBUNTREE 22D 0
EEb B,

FHRORR L LT, AEBTIEATF2G, %28
BITTHETDH D, WP 2BOEITEIVLGEIR, TE
PRI TKIMEIC L o THEISITENDEENE 61
KELRBILNFRENS., T, FBIRTIE, 8

MEVAKTEE (1.8m/s) Thol7:, A BEHEH
59~892 vV, C4&MHT45~664y v Thot. ik
NBEEARPABORN R ETHHE, L W EVKKEET
MEHERT 22 LIk b7z, WIIRTOEENEDRE
AL 2D0RET2LENDH S, T HREH20%MK
DREBRANBYIE TH o 72700, HERIRILVIERR
LT, 77— DEMPSHOBETH 5.

V.& &

AMEOBMIL, 4EDFL Yy FINEZRBLAAR
WK T =N BIT ZKERBES O ERIBL, #5
ZARBRTRHICBWTAORBO®E I & 5 IRHRAH
BHEICOVWTRHET LI ETHo /.

FORE, FAFERER KREIELRBIIONT
BEATHESL D LB, LEMNRUCTHRME b ICKIE
ko TRE- TV, T/, Lk THROXKAKD
BOE, FRAHICEICEXZEEINES NI L 2R
L7, ZLC, RFIZ ARRSATIE, #Y05iTE0M
WEE L T AN XF—HRAEZET &, MLy F3
WVHEFBVWERKESETTE2IEXrHL L o7,
ZFhEefd 7201, A X 2 EBSEOEENE
B 2 EEIRB S R

i

AR, HAEER T KPR AERTRX
RUE CER204E~24%F) 1Sk hEML
ERIZTH AW T v T I T Ty 2 D/
MAER, BEAKFEAR—YREROHHERK,. NEFE
WK, BETERICLLYERFZLESS

X #®

TAYHAK—VEEEE | BRAHEEEENREE
RERASER (2011) EBRT DS — B RH AR
EEBTO T A - BWILE R

Brinks, J., Barry, A. E, Franklin, B. A., and Spring, T. (2009)
Water exercise in patients with and without cardiovascular
disease: benefits, rationale, safety, and prescriptive guide-
lines. Am. J. Lifestyle Med., 3(4): p290-299.

Brozek, J., Grande, F, Anderson, J. T, and Keys, A. (1963)
Densitometry analysis of body composition: revision of
some quantitative assumptions. Ann. N. Y. Acad. Sci., 110;
113-140.

Brubaker, P, Ozemek, C., Gonzalez, A., Wiley, S., and
Collins, G. (2011) Cardiorespiratory responses during
underwater and land treadmill exercise in college ath-
letes. J. Sport Rehabil., 20 (3): 345-354.
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ferent depths and temperatures. Am. J. Sports Med., 17
(2): 248-252.

WHGA - TR - KETH - SR - BEAF - gt
R - WHEET (1993) KF Ly FI (flownill)
FATROFRFETISE. ABRKKEREEET L 5 —
BrEAE, 1(1):19-23.

WHG - KEEY - BEESE - SR - AR -
AFEilE (1998) K is & OB LT O £ B MIGE
KRIZTHEOKE. RHER%E, 20:155-158.

WHG - KEEY - & - BRRIFE (1995) HLwv
KR E (flowmill) % B/ At
%, 88:11-17.

WHGE - KAEY - EaER - EESAZFE - BN @
(1994) MEEAEN B I $ 2K CoOMREHRE 74
Y P RAE—-U R 15:78-83.

Janssen, M., Wilson, B. D., and Toussaint, H. M. (2009)
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Exerc., 41(4): 837-843.

IEE - FIREE - WM - JL)IDE (2002) wKRR
TRV IARFETONE - A4 3V 77—V Tokp
BAFEBEE N Ly N3 VRITE ORED S —. R
%, 51:119-128.

JE A= 55 i 4 R HE IR RE B AR A T R L o0 SR (2007) Pk
194F E R AR - SR AL.
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Comparison with the dominant leg and non-dominant leg
in toss operation of sepaktakraw

Mirai Mizutani'’ and Akira Maeda®’

Abstract

The present study compares differences in toss accuracy and the execution of the inside kick in sepaktakraw (kick volley-

ball) between dominant and non-dominant legs. Six healthy male college players performed the toss operation with both legs.

Toss accuracy was significantly lower in the non-dominant than in the dominant leg (p < 0.001). The ratio of the movable hip

region, with respect to flexion, abduction, and external rotation, was significantly smaller (p < 0.05), and follow-through was

significantly shorter (p < 0.01), in the non-dominant than in the dominant leg. The hip flexion angle was significantly larger at

the moment of impact in the non-dominant kicking leg (p < 0.05), whereas ground reaction force in the horizontal and vertical

directions was significantly greater and smaller (p < 0.05), respectively, when the non-dominant leg served as the pivot.

Key words: inside kick, movement analysis, accuracy

I.#% 8

8y s u—ik [EZhoOKEE] L HFTh, 770
T4 2Ty y s BRHEORMEN, BBORKEHL
LT, A VY4 FXy 728 HTHIEDPETLNS.
A %A F*y 2k, REAELEHFRSELRETERD
WHITER—LVZFy 7 TH008BTHD, b RO
BOSMELNIERNLBRTHSD. F/2, HHB
BWTIE, F=V 2L EIF54 A—-VTHY DTS
ONEELELEEDLATVSE, 3% 7 0—I1Z0F 5 %47
WMETIE, €127 0—HERREBFIIRERFH
h—BEICHRT, BRBEMOELGRE, ALz K
B, AREOWHBAEEICKEVILEREL TV
(RiE LU, 2008). F/z, €897 0—DH—E R
BT, BRESHTHENIKEW EABMERF v 7 BiE
ZUEEICL, TO&ER, LIHV A7+ —< 2R

TEBEREXNTVWS (Sujae and Koh, 2008). Zh &
DIEDRSG, LY 2B—IIBVT, BT+ —3 7
AR RETHICIEMEHOKRE LW ERAAESZLER
Hhb.

BE&EEOL FOBE - THEABETH L, EANH
Wb oTWAHBEIIBVT, BALL>TERAVT
NPOHICEME DL LPMENT S, —fRICH
WTHTH ZEMNTET, LrLRHELEETI2MEL
frTord, BREOICERI(HEHTELIMELHEMEIF
ATWVS, FIEHIZOWT, A (1989) ik, FIEBE
BIHEET2HTH YV RASIHERSH, LhEDiE
BHELDTVWIHEL L, EMEIHIIAELIZESD
HEFICHSTAHELTWS, o h—icBnTik,
DT EEERMEEIRD, FL—Y—2F -
AV PO— LV LRTWHOHEREHWE LTS (#
HMEde, 1968). ThonI eEhs, F—E EFICR

1) Graduate School of Physical Education, National Institute of Fitness and sports in Kanoya, 1 Shiromizu, Kanoya, Kagoshima, Japan 891-2393
2) National Institute of Fitness and sports in Kanoya, 1 Shiromizu, Kanoya, Kagoshima, Japan 891-2393
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ABHEV) ZEITHEEBOTWSOHH) & HOLEY &
LTEFOhD, Zhid, 157 2o0—2B0 Tl
WEZOND., ZL Dby 7 u— T, LML
iz, Mlslco7L—2£ZM+5. LaL, T
RWilizf&HZFTTL—F5ICBRYHE. 74y
v ENFE— L DAY — FRIFEFIZHL, L y—Th
NaZTEidZ4+dsb. T, PAZLEWFBBIZHLTLY
REMEZHEZSD EIZRST, FEREHEZMELRTRIEE
SHEVENIEE (hb. HFETOIF E WL Lz
Mok b L 2. FHEWDT L —2REGOH
hERKELEZBILBFEZLNS. Lo T, HF
WEHGOI—FIT ¥ v 7 LTEEERIS, B>
WRICF &, FEREWEMER L EAEEICARL. fI&
MToA 44 Fxy 213, 8, AEFICB80TlilT
HWEEATG <, R & WIS LT EAH M S Tw 5.
ZOizh, FEWEIFEHCIES Y 7R, BhfECE
WHAIBHLDTIERVWALELZLND, Ty h—TIEHE
& IR W o AT D (Dirge et al., 2002
J E E4E#E, 2000 : Nunome et al., 2006), it K% Hi2H
T5% v ZIMEOQE WA HRE SR TWS, LiL, &4
you—IBIFAR &M EIEFEHEDLEIZTDILT
Wiy,

BRI AR — 7 1280 A IR 2 X5 FHiffEo 1 o &
LT, HEMEH-7237 4+ =< ATAMEHGHR
TED, 704 b, BB NA5y bFER-—NIIBITS
Wit s LT b (Freeston et al,, 2007 : RS, 2004 :
LS, 2011). ZokHicHERE /74 —=
YATAMERWT, HREAR—YOIEMMED /AT 4 —
< v AGHil B £ ORI LTS —H,
tnﬁﬁﬁ—ﬁiéﬂﬂtLﬁ+—wwﬁmtowfu
ﬁi”—’é:!lfu\&b\ PlEoZ s, K%L, &34

O—2H51F54 84 PRy 22, FI L IER
émeML.FXM&.@WWﬁw%Waﬁuﬁ%:
ExHME L.

0.5 &

. HRE

mwru 1T A A 8 2 7 a— R THER S
MoOEFIHZEED, KFEH TRy 7u—ET65E L
7z, ZETOEBREIAEHPLAMCTHD, PF— H—
W=, TH o h—28F256 8 THolz (641
W21 7070, HE173.1x45em, KE64.2+3.0kg, B
34=084F, FH— @ E#B210x0.0, £5169.7=0.5cm, K
60.5£25kg, BEEMESS5054, H— 31— & AEH21.0+1.0
i, HE171.9+34cm, FHE635+3.5kg, HHIE3S£054E,
T ¥ v H— 1 AEE22.020.06, & K1724%6.1cm, KK

W8t W1

THE25ELLH

62.5+2.5kg, WEHHIE3S5£0.54 [FION = BEERZE)). ikt
i, HEH»SHEHLTwAEN Y 70— a—X
(NANYANG tEB) %AFH S/ #t#iciE, EHod:
i, JEBRe> TMAs X OV AT RO PREEL D TR
L. 5Bl #i57: LTz,

2. AEIEHE
1. BRBIESDRIETR] BhisElE

i B 5T o [ g5 ol Byl 2 2, 0 ARASIRAVEH A S R OYH
ARYNEN)F—3 3 VEAOEDLHEIIETE, Hk
A EERE (GEHFEHHR) 2w Tir- 72 T E
el il - P, AhiE - elE, AREE - ITEO 6 TTH
E L7 (LA, 2008). FylEz i34, R
i RECHMEEER SN L7,

2.2. MAWERE
oy ro—®FE, EWEIEVEVIEB»S

b ATEICA A PRy 22435, £ TR
Tld P A CORENEZITo 72, M ARENZEIL,
Ry s U—Da— FTiroz (22— ¥4 X §iE
13.4m Ki6.dm), > ¥ =54 b HREZ Ao T
4.25m, 4 K54 ¥ 53.05mIZfift§ 54— A% —
b HEWEH THER-—VEAL 234 F¥y 7 THl
L, HEMEFR—LOETHREOREE, ATVr—%
Tl Lz (1), HEDOMEL, KOETT
Ty rRBLRTVEENRTVWS, 25 —F4 2561
Biizimdr>Tlm, ¥4 K74 253.05mE L 9
B G OIRRITED W B 720, HiE P AWEEZ T D
TlE% <, A THEHEICKE-VEZ 1LEED L, Zofk
12 M ARfThEis, P ICIZROITETILO R )T 7
L—=XY—=HT& v 7 LTI, K=o
pfR 2 < £ 9IS P ABEERIT) XY ICHEoR Lo WE

HHHH

Service circle

B1 b~ARERAEOHEEE
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HIZIE 5 M ORMEE R & 52, WEid, BRI & &)
EM A2 IIZI5EIF 230M T 5 72, ST O RIZIRE
Zl ), WHOEEFN VX IRE L.

2. 3. s

Bk (2id, b AR E L o F v 2 fEE. F
W, JEREME3ET2E—LVEHVTITbE. &
HolifFE7 v ¥ a2 X2 T F ¥ ¥ ALRINFClibhe
oo ToBomMEE2 3kehElEs—-2Yarxr7
F 4 — ¥ A7 A Mac3D System (Motion Analysis £15) @
Eagle 77 A 71268 % v, #Z L7z, MMUEA 2 5O
7)) v TREENZA00Hz £ LAz WEREM o gz L
TL—A%FEEL, Fy)TL—ar®{Tof. 3K
TEOMEEERIT TR L Lz (R4 im% X i,
mife %z Y Tz ZE). FvU)7L—Y3
YIZBIT 43D #HEO N 120.478+0.182mm Tdh - 72,
< —H—ONE, L2 7mm ORI O B — 5 —
o 3 A T BT O 7 e 67 = L S 11K S 61
R, AINEEAMEL AR, Mg, Ak
i, ZERATERZEE, 4 Eaibe, GRET, AR
SERL 4ukmﬂ=1M¥H. RTINSO TR LRSI 1= S 1
TS G W 18 = SN e GO N A 8 S N
PN ZEBEAT AR, A 5 RN, ZERla) IHE D A
Wiz F£72, F—=A ¥ 237 Ml fa:”}J LT HT0
F=N 3D —h—% WiV {HiF7z. 3 R—
VO RS L, R — v deo ) S48 L &R —
A sy MMz LA FECE 574 — A7
L— |} (Kistler #13) #HlWT, iz 71 »
7 TR ¥800Hz 12 TllsE L 7=,

PENTH &, Meldmim g, WMAEmIE. 1 2237 M
i, 7ao—AN—Hi HEEDE L7 SR
X, Y= —OME S FIME O BERGESBL, W
HitLl I T 5 St 7 A v OB IMEIMEE LT
S L7z, il - Ry T il i & R oM, A
gz - AR 0TI I 2 oM s LTRIRL 7. i
A5 R = A 237 MREOBED T Y40 Z )7 n)
DR R — A 2237 M (K2), B B s53
D ZEHINSDIERAEN S A > 2827 ML % 2 Lz
bor7+u—AN—§iEE (M2) L L, $MEoME
ZH0E, T X IN T O RAE A & /Mt % 25 L[z
fEE R L7z, HT X MIN T o % PR 1 BE 0 die KAl & i
AMEASHBL L 25 Cld, WFERodilg ¢ b B30
Wik oz, I, REH ) OB ESIHL
oo s, BLOBEED S 70— AL —HigER L
TTHEFETE oMK E Lz, G MIZ W TIZEE
LEf7v, BBILIZIZ 3RO AT T4 v IWEE v

Height of impact position

K2 AEHREOER

GHIH 2 8NN B RE, B EMAT & A 7 4 n-Motion (nac
) v FEEICBGT, #iElI07 L—24, Gt
207 L—ADHMERNT, WA TRECLD 2H00%
AP E T, Pk ziTo7z. £3MD9H 5, BA.
PRE O T D EELR AL —ZXThH-72 1 il E %
Pebem oM ERT AR L Lz, ToBoilbitkd, b A
HEEME TP & (ZIZF B LR TH 2. BT
F—FE MEW, FEREHETRENTE HOFEEEL
O AL, SHOEE T 72,

3. #Hatinig

FIHRH O3 L BN L, IR, Rl
WA LT A2, HE0dd tREET-72 wih
bal 5 % Rl THERED ) & Lz Mgl idMara
B 7 1 SPSS 15.0 for Windows (SPSS #1:3) % v 7=,

m #& =X

1. BREAEIORIET Rl Bhis

W hefr,  WlsGE, INEERLIZB VT, fIE I &Ik
MEHOMIATE L ZIZRD G N o 7ohs, BeIEE
i, #hEsfr, AREEfCB GTIE, JERI & HNER 2 HIC I
NTHEP S liZ R L7 (p<0.05, #1).

#F1 BRRAEAOBAEA AT B AlE
(Mean=*SD)

Non-dominant leg

Dominant leg

Hip movable region (°)

Extension 27.3x27 26.5+21
Flexion 127.0+45 122.7+5.5*
Abduction 47.2+2.6 43.041.2*
Adduction 30.2+2.1 29.2+18
External rotation 51.7+26 44.7+2.8*
Internal rotation 50.3+2.4 48.5+2.9

(*p<0.05, Dominant leg vs Non-dominant leg)
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2. bRAEE

FEFI S B & A & W 2R EICISEI$ O /30T o 2 F R
HENEICB T, JEF ZBIEF EBICHRTHBICH
ENFREWEZRLL (p<0.001, ¥2).

3. EhfERENT
3. 1. R=lb12\J M

F—A 7 MIBIZBWT, FMIEHEFERHEXHO
MICABELREZRBDO Doz (K3).

3.2. 740—-AN—0DOEX
TAO—AN—DESIZBWTIE, JEFIXBEITH X
ICHARTHEEICEWEZR L (p<0.01, &3).

3. 3. RWMBEEN - 1 1N\J MRICHTZEBMBE
ERMOAERMICATLERRDO O Eh ot
(%4), K—nA 37 FEEOR Y BB BIETE th £ BE,
HHBNSBmMAES VT, FEF &R &WICHAN
ARICKE2EZRLE (p<0.05 #£5).

3. 4. HBERA

K==W A 287 MgOEBOME RN T, difkAm
IZBWTiE, FHEHEAEZHOMICHEEREZERIRON
dolA EAHFEICBVTIE, FEMSEIZHEEIC
HRTHBICKERMZRL, EEAFMICBVWTE, 3

#£2 PABENE
(Mean+SD)
Dominant leg Non-dominant leg
Toss accuracy (m) 0.79+0.10 1.04£0.13***

(***p<0.001, Dominant leg vs Non-dominant leg)

R®3 AN MIE - 740—-AN—DRIOLER

(MeanxSD)
Dominant leg Non-dominant leg
Height of impact position (m) 0.58+0.03 0.57+0.04
Length of a follow-through (m) 0.24+0.02 0.1940.03**

(**p<0.01 Dominant leg vs Non-dominant leg)

®4 BHDAREUOLEK

(MeanxSD)
Dominant leg Non-dominant leg

Angle displacement of each joint (°)

Leg kick-Hip joint-Adduction 41.7£6.9 37.9+11.9
Leg kick-Hip joint-Flexion 71.8£7.2 751x116
Leg kick-Knee joint-Flexion 42.8+202 527+£21.9
Pivoting kick-Hip joint-Flexion 21.6x33 17.9x27
Pivoting kick-Knee joint-Flexion 14.5+7.3 13.9+6.0

RS AN MRICEITHERRMAROLER

MEMEIMEIPWIHRTHERIS I 2fHlZRLL
(p<0.05, #6)

3.5. ¥HEWICHITE FABEANESREBD O/

HRBFERGED > /-BIREDOLER
FEFSHICBIT B b ARBERIEAN R b Md o L HIRE
&, O EIS1BREDOF— S RRLI (7). IR
EMICBIT B b AMBERIEAIR b Bd o L HRE L, B
MEOTER, F ABEICBWT, FEMEI R ZEIC
REGEZRON Do /zh, FERESHISBIT S b AK
BEJIEASR b BA o 72 HRE I, W O»DHETHE
BEFEFESBICENRONL.

N. & R

AR THE O MAL, R EBIIREICHART
FRARESENC L E, BREAMOMSHTHR, ¥y /8
EEBVTHIEHEEFEH TRV H 722 ETH
5.

F1ITIZ, BREHOMMITHRIARIN TS, FIZ
MiCBi 5 BB oBET BRI, RiEL i (2008)
PHREL TV EHAREZEDOE Y 7 0—RF LITIZFRMH
GRERTHo7. Thid, KMRETOBRRED, /3%
70— EFRFORBHOTHEAKEVE W) FEE
FoTWwaI LZRBL TS, BUMEMHRLL, WL,
WEMICBNT, FIEHLEHNEHOMICHEEREITR
Dohhholohs, BBEMMMAL SR, SEL BV
Tid, FEFI & A & ISR TRETRIERAB EIT/
SWfiERL7 (p<0.05 #1). 4194 F¥yrid,
e BUED % ShiE, SVEE S 7o RIEA S, RPN % R S ¢
AIEIZXYKR—NERY LR /¥y o0—TidF
EHDA Y H A FXv s 2SR THIEMG, REME
dhhr, ShEEhr, SBEMBWT, FEBITIER EBICHANX
TEHREIFEL Lo DT whLIENTES. F
7o, BR8P 7 0—DH—ERIZHBNT, BMEHTEEAH
KEWIEDBML XY 7IMEEZTREICL, LD EWA
T+ —< VAR TELLHESNR TS (Syjae and
Koh, 2008). T &»bH, METEPRAVNE W LI
WEDWFIC L 2 HEMEDSH D, b ARBER b ABEIS
WEBEEATVALILNFELOLNS.

PAREIZBWT, FEMEHIEHEBICHETHREIC

(MeanxSD)

Dominant leg Non-dominant leg 6 AN MECHITAEmMRDOLER
Joint angle(°) (Mean=+SD)
Leg kick-Hip joint-Adduction 26.1+10.7 20.9+12.9 - -
Leg kick-Hip joint-Flexion 57.0+£7.6 61.6+6.5% Dominant leg Non-dominant leg
Leg kick-Knee joint-Flexion 67.2+19.6 76.6+20.7 Horizontal direction 0.02+0.01 0.05+0.03*
Pivoting kick-Hip joint-Flexion 4.4+6.4 1.4+7.0* Longitudinal direction 0.22+0.07 0.21+0.04
Pivoting kick-Knee joint-Flexion 26.81+6.1 32.5+10.3 Vertical direction 0.96+0.11 0.85+£0.13*

{*p<0.05 Dominant leg vs Non-dominant leg)

(*p<0.05 Dominant leg vs Non-dominant leg)
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BEST WORST

Dominantleg Non-dominantleg| Dominantleg Non-dominantleg
Hip movable region(®)
Extension 28.0 26.0 27.0 27.0
Flexion 130.0 126.0 127.0 118.0
Abduction 47.0 4.0 46.0 42.0
Adduction 31.0 31.0 31.0 30.0
External rotation 52.0 47.0 63.0 42.0
Internal rotation 49.0 48.0 50.0 48.0
Toss accuracy (m) 0.75 0.91 0.77 1.13
Height of impact position (m) 0.55 0.56 0.58 0.57
Length of a follow-through (m) 0.24 0.22 0.25 0.17
Angle displacement of each joint (°)
Leg kick-Hip joint-Adduction 42.3 405 41.3 39.8
Leg kick-Hip joint-Flexion 727 76.6 68.9 704
Leg kick-Knee joint-Flexion 56.3 48.1 60.1 59.8
Pivoting kick-Hip joint-Flexion 21.7 17.9 23.6 16.9
Pivoting kick-Knee joint-Flexion 14.0 13.8 20.5 18.5
Joint angle at impact (°)
Leg kick-Hip joint-Adduction 30.8 279 26.4 247
Leg kick-Hip joint-Flexion 59.4 60.3 54.3 67.0
Leg kick-Knee joint-Flexion 57.2 60.9 54.7 76.9
Pivoting kick-Hip joint-Flexion 0.9 3.2 -1.6 7.2
Pivoting kick-Knee joint-Flexion 26.8 30.2 293 28.7
Ground reaction force
Horizontal direction 0.03 0.03 0.02 0.07
Longitudinal direction 0.23 0.22 0.19 0.23
Vertical direction 0.99 0.93 1.01 0.80

BREFKEWEEZRLE (p<0.001, F£1). Zhid, +v
H—DFy JEEICBITS, FEWEENEE L 0K
ERBLBERERTHODTHS (Fh L&k 2000). &
Ny r7O—, o h—LHIHERPAAIIBTHERN
EEICHCVS O, FIEHEIER B CHfoE M
CENHBEING. I, o h—DOF v 7EHEICNT
HETMATIE, A OBHE DA TIIIER &ML
ERBEVD, v 7EHoMEEROAEVWI &
O, FEREHOBEH M LS50, JEF &L
LB ATRTHLI A BEESRTHSE (kL
{EfE, 2000). ChidtnRyr7o—ilBWTHRRES
EHEZON, WEOPTHEAMEMIIFELLALML—=
YT DHANLELZETRENS.

K= 237 MIBIZBWT, FIEHEENEHO
MICERLZERBOONENol2d, 74 0—AV—0D
R3IZBWTid, EMEHIIMERICERTERICEY
fHERL7: (p<0.01, £2). FFEHWOT7+1—2AN—
DRIVEC ZoERE LT, BREHEMGMLEZIZL
O, BREMOTUBBA NSV LAFBIFONE, T/,
Wade (1967) &, v #—DF v 7 8{EIZ>WT, By
MIZEFRICA»o THoESIK74 -2V —8h,
T7FO—AN—BRVIEIER Y 7 OEFEEINT L 8%
LTWa, 15 270-—D4 94 M3y 7z, RMH
EHBSELRBTRERL LD Xy 775, R
DEETTEIRAVN S WIE, RME2FEB S RET

RBzb5HTMERBETHY, 24— XICHfE%x
THIENTERV., 7+0—RAN—HEVEFIL, B
MEOMETERAKRE ., HEDALA-XITLATY
HIENELLNSE. 417 NOMBEMNBILTHoT
b, ¥y IHENRLA—ZIITABHEI DN T +—
RYRLKRELRBEESAHWEE DS, hid,
FEBICBIT2 P AHERNEF D Hh o -HRE &,
BROEL-LERED 7+ u—AV—DE X, BHEfiD
B TR 2 B L B8, BEIEVW S RohA T Lh
LLWBETESE. YLl ihs, 15y 70—ilBn
TH, ERERA YA FF o 27 %2TH101E, B4
U—ZAN—DHERTELENEEREEIONS.
EHHOAEEMICARELRZIZD oo ht
(#3), K= A ¥z FEEOBR Y BRI R ih 58, &
TR R I ARV TIE, JER SN & BICHNE
BICK&LMHERLA (p<005 F4). HHEHOHELE
PicHBWT, FIEEIEF & & RRLERERTHERN
BRoNWLZLhs, —doMfEniih s LCIEFI XM
BFEHEBELDLABENTOh TWE I LI REENR
2. LU, ¥y 7IMETRIBETHLFE—NVA V37
MEZ BT, BRI BB RSN A R, A B 55 ith
AEISEVWARO o0, FERMEMICEIT S P ARENE
PROMP -7 HREL, ROBEIoBERELZLBL
BR P ARERSEAR D BA o R E SR & BT
VEIERIThRTwS, DEOZ &hs, EFMEHWTEy
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7RITIBHE, B, HEoRMESEERRL, R+
ERWIETHERGECBENTEDLELS.
K= A 37 MEOEB O R ) T, fifkim
BWTIE, FREHEFEHOBICERELZRIRON
Ghroloht, EAHEICBVTIE, FEF XA &I
HXTHBICKRE 2fizRm L, EBEAMICBNTIE, JE
FEHRIAEHICHRTER IS 2MEERLE
(p<0.05, #%5). KELLEBEERITHI L FHhDS
YARHEETHY), WHWOMEI X v 7 B EEEYS
RATVWBIEDEZ LN, FICERAAIIICEVT, JEH)
EHOMARENT EIE, FIEBICHRTER~D/SS
VALAVHELTWAZ LAREENS, JEMXBEIC
BIFDHPAMEUNEI RO o -#REE, RLE
Dol BRBL B LR, P AKENENRDHhro
TBREIHEWEEMERIIBNT, BWERNTITE
ALBVERON o2t bd, M RAKEICKE
ZHATVABILENELIOND.,

V. BBADT 1 —RINvY

BNy s u—DOWEICHT WIS L, FyoH
EDHHADHL P L R o TV LRWERFIE L FET S
ehh, FMAETHEH, FEMEHT & 2H2D
DEWPLMIITELZ LR, FNEHDOIL—=TD
MREPERDIFRIZBVTRICEDLEL .

ABFFER AT TSI BhIR A/ 87 + — < » RiC
HBEEZTWAIEPRBEENLT ENG, TR
MEVWEHEHOTHEEKELTHI LT, BfE0K
EVMFTELZOTIE W EEZOND,

A% 4 F3y 7 ORENETHEHEIENSHTE
BRONIZZEDS, FEFIEHIFLL - L—= 7D
VEERDBLEZONSL, FOB, 7+0—AN—,
K= A 237 MREIZBUT B RBIAE, BB O RAM
FERTHILT, BRLFMEHD/NT 4 —< 7 AH
BEEMLESEEILNTELOTRRVNLEIONS,

Fi, Y7 0—-IIBITA Xy 7 WEOARAHE
OPELOTVWRVEFHEELFETIIEDNL, §
% EOIKHH LTV LENEDLLEZLNS.

VI. ¥ &8

FWETIE, KRFELNRFIu—BFEHRELT, #
EMEFEREHOL 44 Fry 7EEZHEL, PR
WE, BEOBVWEHELMITHIIEEABELL. &
REIVUTO@EY) THot.

1) PAMEMNEICBCT, EMEHEREEISEXT
ARICHENKEWEEZRLZ: (p<0001). /o, K

MEmahhL, SHERL SMERZIS VT, JER S IER &
I T TERA AT NSlEEZRLA
(p<0.05).

2) ¥ MMETCIE, 74 0—AN—DESIIBWT, ¥k
FEWIFEBWICHRTHRIZEEZRLE
(p<001). K—)v A 327 MO b BRI th g
B, WMt A E BT, JEMEEIA AR
WCHAMFEICKRE 2MERLA (p<005). 7
K= A 2237 MRIC BV 2 BN o Wil K ¢
i, ERABICBW T, JER ZBIIR S BICHRT
ARICKREWEEZRL, EBEAEICBVTE, R &
BIEFAESHWICHXTHELCASIVWEZRL
(p<0.05).

UloZ e, FIEH, JEFAEHTIE b RREICE
WARSKH, BEWENE F v 7BECBVWTH RS
HHEZENHOhE o

X ®

Dorge H. C., Andersen T. B., Sorensen H., Simonsen E. B.
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Changes in visuo-motor related time following response training
using light signal and subsequent detraining

Kengo Yotani'’, Hiroki Nakamoto'’, Akira Nagira?’ and Futoshi Ogita"’

Abstract

We conducted response training to visual stimulus, and assessed the effects on response time of different periods of training.
Fourteen healthy male subjects participated in the present study, and were randomly divided into two training groups: 4-week
training (4W, n=7) and 8-week training (8W, n=7). The response training lasted 2 days/week in 4W group, 1 days/week in 8W
group. Each group performed the same reaction time test before (Pre-test) and after (Post-test) the training. The training and
test employed a mastication task. The task comprised 10 trials performed as quickly as possible in response to visual stimulation
from a flashing light, and was repeated 5 times with a 2-3 min rest between each task during training. The EMG signal was
recorded from the right masseter muscle simultaneously with the light signal. Motor-evoked potential (MEP) latency was
measured from the masseter muscle using TMS. Pre-motor time (PMT), visuo-motor related time (VMRT), and MEP latency
(MEPL) were measured in the tests. In addition, each group performed the same test after detraining for 4-8 weeks (De-
test). PMT and VMRT were in both groups significantly shorter at Post-test than at Pre-test (P<0.05), and the tendency
toward reduction in VMRT was comparable in the 4W and 8W groups. MEPL in neither group exhibited a significant difference
between the tests. After 8 weeks of detraining, PMT, VMRT, and MEPL in the 8W group did not differ significantly between
Post-test and De-test. However, the 4W group exhibited significant differences in PMT, especially VMRT, between Post-test and
De-test (P<0.05). The results of the present study suggest that VMRT shortens equivalently between Pre- and Post-test.
However, training effect was in fact maintained for a longer time in the 8W group than in the 4W group.

Key words: Simple reaction task, Electromyogram, Motor-evoked potential (MEP) latency

o HTIE, AEAM bk y) 2bBEIRT T2 TO
I BLoi B RRUSHM) IS A5, ZORMEES, M

£ DAK—YTIE, SBABNT BERVRER  EROFERNTSH 2 Pre-motor time (PMT) & HiA0
N7 3= ADBEERICR 720, HEIITK FrErs ) ¢ & % Motor time (MT) 25T B L AT
EOESEHET 2 EHIE, AH—YBEERICE 5 B PMT REKEHMO%S UL 553
WTHL 2 SHB0A b T & — N2 RISERET (Schmidt and Stull, 1970 : Viitasalo and Komi, 1981 : Bell
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and Jacobs, 1986 : Mero and Komi, 1990 : Winter and
Brookes, 1991, Lee et al., 1999 : Yotani et al., 2013). %o
72, PMT IR 2 HTT, RIGKRHEGHOLHD b
L=V 7R e T L, EFERVORIEEZETS
AR=VIIBWTHETHHLEZSL (BLAa5, 2007).

PMT (3 6880 2R 5 & BB IE B MG £ TORER
Thh, HEAT (BB »OHEFZ4 L T—KED)
B (M1) I2E), M1»SHNGEPEESIS ETO
FER) % R4 % (Shiozawa and Komiyama, 2005). & 512,
PMT &, —%&EEHE (M1) ICEEERAFEH (TMS)
25252 LT, SR OMLICESLTTORKE -
MO BIERER) (Visuo-motor related time: VMRT) & M1
POMIEFIEEE NS T TOTITHE(RERR] % Kt
T 5EHFEREN (Motor-evoked potential: MEP) i
2ODREMICE DT 5 LA TE D (Yotani et al., 2011).
Yotani et al. (2011) &, FFBEHCLRIEFL—=> 7
& LREOR 5% H\ T PMT O (LA %2 HEE L 7248
B RIS b —=r7i3 VMRT ®A4 % £ BRI M &
_ ¥, BROTENEEI &R SEBHFFICEL
22{t (Oishi et al., 2005) %RTLH#MEL TV 5. FD7:
%, PMT ORI DL 2 SR OE(LIE, HFRIL L
Ehd, kb EfpERBEICBIF A WEtIcE o TAEL
T EHEREENS (Kaas, 1991).

—F., TDE ML=V ZIHED) SEOEIBIE,
F—oV 7% EDBERICRLIENMONTED
(Nudo et al., 1996 : Classenetal., 1998), X512, Zhiz
PL—= U FRTHEBRIZIEBIIRZOTIERL, FL—
=Y THHORSIELTHR L —= Y FBOWROH
FEARL L 2 LAHLIZEN TS (Steven and
William, 2004 ; William et al., 2011). LA L, #i#o &S
2, VMRT ICH$ 5 RIG b L—= > 7O, FE L
TEDHHOELICHEIZHTTRIALTEY, B
L= 7BV T EDORE, #FF L EEHENRES
RBZOPIASH TR, T, AKR—Y Tk, BRE
DREHIZE->TH ML —= v 72 &5 L Sh AR
Hb1D, PrL—=r 7 EEEERT LI LR
PELRELZMETHD. 20O—FT, KHROB b
L—= Y FHROBEEIC AT, dIBRICBITEZ2DOR
B EALETORTELT, I, FRVOERREN
kDO LHERHME T, EHBEOINEY)F—Yary
KR L TEBRVIEEICRVBEEAH5LEILRB.

Z 2 CABIZEE, kRS AR ML —= v TR
FERL, FOHiE BB ML—=> %0 VMRT %
322 2BHE LA ZoB, ARIETIE, R
22008 L—= v 7yl EREL, HhL—=V
FHRTO VMRT OZLEB ML —= Y 7 HDOZD%)

A DO WTERE L 7.
0. /7 &

1. #EBRE
BBREIBELRABHI4BE L, HHBICHT 2K
BhL—=r 7% BA20 4 B8MIcb-oTITHOBT4
(AW R EHR21 = 1%, 5rK173.6 + 4.8cm, fk#65.1
+89kg) LHE1IBSHEMICHI-TITHIHTSL (8W
B:AEER2l = 2%, HE1750 = 7.1cm, A TE68.1 =
5.9kg) (ZEEBICIRY FF. ABRIE FOBRES
BB L UERNEOHF 2B LTV, EEBRICBNT
LDRZERMTER/MLE. T ABEREIALVY VFEF
WCHl- R AE R MHEFABRSORLL B TENK
L7

2. ¥FB7oba-0

AW BB LU 8WRZ, BB b L—= > I OH
HTHMB T BRIET X b (Pre-test, Post-test), i
PR b L—= Z7#HOBIST A b (De-test) % &10[
AL/ B, @llEEEBLT 2BBREIV I v 7R
L7ZRIBTHRTFICED, &) EpifHaEoREx L
L7-MHMRBhE# BUCRME L CERE &/, FOB, #
BEOHMBA A 1m IIIRLEBLREL, ABRHIZE
ENHEMEELEE, HHHESRICHBREIITE
BIEGHRECHMBBEERTo 2. FERIBUIBBRE AT
TELWVWEIIC, T2 RHER (2~68) TR
REh, COW, REFBIUHEREZESEL, PMTO
EFRICH L T CheonWlEICMZ, TMS
(Magstim 200, I 25) #HWT, —XKBBEF 2 S AWM
% To MEP il & 5Hl L 7-.

3. RiSbL—=27, MUK bL—=2 18R

ERORIG ML —= > 7Y, BOICHEE (EiERB)
IZBWT, 8WHiZ Yotani et al. (2011) & [k 8 M
(A1) %, 4AWHIEZOREM (488 (xH2
M) #JEL. BISML—= Y 7AZIE, TREE HIC
RLThh, RKIETAbERBKICENEZERICTES
Ry #RHMBEL T, RIT8IE1 £y blom &
L. £y MEIZIR 2 ~350KBEHR-ALESL5 Y b
BOBELA 72, AHEICBCT, HFL—=2 7
M1, Post-test 2 H &8 (4W, 8W) L HITERBLAKR
B b=y 7ML RREORIM & ), 4W B4
A%, 8WBEL 8 BM#IC De-test #7072, Mz
T, 4WBiL, & 5124 8% (Post-test 705 8 WM %)
2% De-test 4T o 7. M, EBRWMHPIX, EROAF
HEEITH L ISR
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4. BHEROIR

BERE OABHA S, KAEFBESMBEICL ) HT
R#EiLsELE BRIITVT O IHFEDNRFLANR-E
# (DE-2.1, Delsys, USA : & X10mm, B 1 mm, EHEERH
BEMEIOmm) 2RI L7z 7 — A WAL LRI AN Lo
BEMEicELsN BHERESY X7 L (Bagnoli-8 EMG
System, Delsys, USA) (2 Tl s h-BEHRESI1L A/DE
#8% (16 bit, PowerLab, ADInstruments, Japan) #* 4L TH
P77 REM2kHz TPC Y AT h, IEERE
#Y 7 b (Chart 6, ADInstruments) % I\ THEHT L 7=.

5. TMS (&% MEP &BSDEtHRI

MEP %, ABHAILFERL, FOB, ¥ 7Vva—>a
A4V (BEE110mm) %7z, BREISIKKIET 28
&, ZOLICIANELRTHEE~Y— 27 L W3
fiix Cz (BIBEEE10-2088) » o5 ERO— kMBI &
L. #EBRE DRIHEREIC MEP OREENMHELAT L L.
A X E 8k >~ A 7 & (Bagnoli-8 EMG System, Delsys,
USA) ICTHsh-BAFFIE, A/D LR (16 bit,
PowerLab, ADInstruments, Japan) 2L CH% > 7)) » ¥
P #%%20kHz TPCIZU AT h, REERBEHRY 7 b
(Scope, ADInstruments) % F W\ THEM & 1T o 7=, .
TMS #ill # b5 54> & MEP 23R 43 % $ TORM % MEP
e LCERIL 2.

6. F—AShE LUHETOE

AESSLIUBHERES L. A/DERBEEMLTPC
WKLY RAG, EIERREN Y 7 b & B TRUSEEM 47
iTo7c. AFAER, LRIBE R O HBCEE S B
N2ETCORBEINL, ToOKME%ZPMT &L
(Shiozawa and Komiyama, 2005). i 15 B &0 £ o0 181
i%, Difabio (1987) D HEIZHEDVWTER LA, T/,
TMS & h 507 MEP #%K 4% AV T, PMT &% MEP
BHEEEZELIE, ARHD O —RKABIFICES E TOR
% VMRT & LTHEL, PMT % VMRT & MEP i##
25T TR L7 (Yotani et al., 2011). T4 & dFHlIH
BliowT, EHBECTHHMELRD, AWHBLIU
SWHOTHYME + HiEE%E (SD) /L. #Hitk
B, SR THBREEDD 2L, F— 7 0EHEMKE
TERWVWI L %#FRL, Pre-test, Post-test, De-test ®
HBIC7V—FY U BREZTo7 F/ SRUSML—
=V 7HBIC S VMRT O4EEM % 5l 5700, &
BLERE O Pre-test & Post-test DR ZE % FHI L, Pre-test
E O CHABGN, BUICERERICHTIHEDE
DREEITo72. M, ETOREICBWT, FRKHEL
5%KigE L.

m#&# R

1. AWE, SBWHICHITARE ML —Z2 JH0iE
(Pre-, Post-test) DRIGEFFEIDE(L

Wi (AWH, 8WH) BT, PMTI, Pre-test
& 9 b Post-test DA DH T A -7 (P<0.05) (F1
A). %7:, VMRT b [A#kIZ, Post-test Tid, Pre-test &
HBLTHEZIED, o7 (P<0.05) (K 1B). —H4.
MEP #851X, W& 3 Pre-test & Post-test O] T%
ftizRohzro7 (H10).
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1 4:@?33 (xA2E) ORR b l/—:‘/72¥ (4w
) £8:M (xB1E) ORISMNL—ZVT8
(BWE) ICHB1F5 ML —=> %71 (Pre-, Post-
test) DORUSEEBIOLEES . *P<0.05 vs. Pre-test.

2. AW B EBWBICHITS VMRT OERMER

M # 2 31) % Pre-test A & Post-test ~? VMRT D4
Mg ER 2R LA £ KBEE O Pre-test &
Post-test DA (A) ZHHL, €D A & Pre-test i
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g E
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M2 4388 (xB2E) ORISMN—Z278 (4W
B) £8:8M (x#1E) ORISML—=J8
(BWHE) ICBIIBML—ZVIHIEOBBRE
@ Visuo-motor related time DEMEMER (A) &
Pre-test & A (Pre-test & Post-test DEFfIZE) &
OEBARAE (B).
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B175 VMRT L OABMFHEER2BISR LA, WL D
Pre-test B0 VMRT & A DI TEHWIEQOHBBFRAERE
Eh (4WH :r=0997, 8W B : r=0.995), ¥atHI=d
HETHo7 (P<001). E5IC, MEORBEMICE
W, HEDEDRERT-o LI A, FEMICEIZE
Dohidror:.

3. AWHE, BWHEICHIBIRMN—Z2J#HOK
IGERFE DEAL

Pre-test #* & De-test (XA T D FUGK M D ZE{b % #5
L7-. W& 2, MEP i#§l§i, Pre-test, Post-test, i
Ui De-test L OB TERIER O 2o/ — A,
PMT & VMRT iZ 8 W T, 8 W B @ De-test O fii i
Pre-test DfEi & D b ARICH (P<0.05), Post-test & ®
MTEEZIROALDo7 (RI3). 4WHOLIEED
De-test 2BV Tix, SWHLRAKOBEMERL, &5
2, 2 H® De-test i, Post-test & ) & PMT & VMRT
PERICEL ko7 (P<0.05).
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4380 (xBA2E) ORKBMNL—Z2T8 (4W
) £8iBH (xBA1E) ORI —Z2VT8
(BWE) (ICH1F3 Pre-motor time, Visuo-motor
related time @ Pre-, Post-test & fii h L —=>/ 5%
@ De-test DLELEE. *P<0.05 vs. Pre-test, T P<0.05
vs. Post-test.
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5=
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AWRETIE, Beb52200E M —= v 7%
EL, BT B RE b L—= Fhitk, BOCH
FL—=27#%D VMRT OZE{LICDOWTHRE L7, FE
BERELT, 220K ML—= Y ZI2BF S VMRT
{%, Pre-test & Y b Post-test D FMHEEICEL BB —F
T, B L —= 7D Detest I2BWTId, Post-test
LB LT, VMRT EMEOMERICH b L—= > 7l T&E

WABIg S .

4, AHFEORIS b L—= > ZHiEICBT 5 RISk
Mo4Esiix, PMT T MEP #8BTii7 {, VMRT
KBgEIh: Zo&RE ChETOETHREE —&
L2230 Thh, Kt b b—=r 7h PR
®3 5L %KY (Yotani et al., 2011). # @ VMRT ik,
HEAD (EE) »oB1EHF 24 L T—REHTF M1)
WCE ST TORMNEZ BT 52, RER%EHV X7
FEICBWVT, Sugawaraetal (2013) X, Ris bl —="
Ti2&koT, HEFUBROKHAENES»O M1 ICESHH
AN CEIPLRMEDRHEGIELL 2 BELTY
B, #oT, FWBFED RIS, VMRT O4HHIZZOHER
NTELENELTHE D LERINSE. MAT, 0
VMRT D451, Pre-test RiDfEIZILHI L TEL (45#H)
L., Zo@mum (&) i3, RS —=r7H
MTk&ZBEBNIRON Lo (H2). KITHFRICE
W, $ifk= 2 — 0 OEBIBIERBLAAT (#9100ms)
WAL LM ENTEY (Evarts, 1966), AB%
DEBBF BT 5 VMRT D4EHIE, 2 D100ms f1:E %
HRELAZERERTOOLEDNSE, 512, XBIE
ORIE b L—=r 7HHIE, 48ME 8BMTHY, W
Fo—=V7DMT2H (4:8M) DBVID o725
BB ML—= v 7ERIE, WThLEEHSEITH
5. e, L kD Post-test B DR i 7
WEEB+THE, b bL—=Y 728} 5 VMRT &
MHBFERPL—=C 7HHALBREE VIS ICEDR
5. 2%, SHAMORIEML—=r7Xbhd 4:8HD
FHAEYE T VMRT ORI REBL LM TED
DB THHLEFLXS. LIPLeds, HiL—=>
THOEIIE, IS 2EBVIRER, 4EHOK
WhL—=v7X0b 8HAMORIE ML —= Y T DA
VMRT OEfEIRE R HERL TV #oT, Wido
9, BHMCVMRT 0EH*HBAZ L ICBLTIX
4BEAORIE ML —= DN PBBTH LD, Thz
FEHEFTALETESEMORIE N L—= v 79 EE L
WZ LR SR

KIS, FD LS % VMRT OEIZOWT, #RR_OT
WRELE LT, O LOAERgErREL, Hith
YF7AKERERT AES (MERF) &, OHFD
VFFADEEMEEELEES L) B 2 i
EIFonT& L BITWELLBVT, OOMERFE IR
BEEEEETAIILICL T, FREHD -DICEL
BIrAHESNTEY (chikawa et al,, 1987), AB%
DEIRFRBLE ML —= 72 LTELB LV
MAEZRShEw, —7F, Littleetal. (2004) (X, MK
WA REOFMIC X - T, BB WAOE
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Levin, 2012), AN LHICHIT S 1 [E HD De-test
#M1l-27 M ERORNMEBOFRERE LI IR
WZEilb, LA LR, SEEg3rrofsico
T, Sistietal. (2007) & Nagibetal. (2012) {%, “Spacing
effect” ICBTA2HEEZLTEY, EHHBEOMERFH
L= v 7HMORSIKELTRETHZ L 2IERL
7. ThOORBRIE AMELFEARTHY, 612, 4W
Ho2HED De-test (8 AMOPE L —=> 7HiH) <
iX Post-test £ ) & ko7, AT, Kimetal (2008)
i, RELAML - 7D0ER Y b7 — 7 OFRER
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A geographical study on the state of extracurricular sport activities in
junior and senior high schools.

Toshio Yamazaki, Hiroko Maeda, Misaki Sumino and Shun-ichi Takeshita

Abstract

The purpose of this study is to clarify the surrounding in-school sport clubs in junior and senior high schools across Japan
through the construction and analyses of thematic maps on in-school club activities and search for the causes of them.

We obtained data regarding the gender and location of junior and senior high school students and their participation in in-
school sport clubs. We then added this data to a prefectural map of Japan and created thematic maps by prefecture using GIS
(Geographic Information System) to explore territorial distinctions and commonalities from various spatial perspectives.

The results are as follows:

D The participation rate in sport club for junior high school students is higher in eastern Japan except Hokkaido and Tokyo
metropolitan district while lower in western Japan.

@ The participation rate of sport club for senior high school students is higher in non-metro area such as North Tohoku, Kousin,
Hokuriku and San-in, while lower at metro area.

@ The participation rate of sport club for both senior high school boys and giris is higher in non-metro areas and lower in metro areas.
(@ Baseball attracts the greatest number of male student at both junior and senior high school for the majority of prefectures.
® Soft tennis attracts the greatest number of female students at junior high schools in 41 prefectures, whereas volleyball and
basketball vie for a top spot for female senior high school students in 41 prefectures, and soft tennis outnumbers all other sport

activities.

Keyword: Junior High School, Senior High School, In-school Sport club, Prefecture, Geographic Information System
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Verification of Sport Commitment Scale and Relation between Level of
Sport Commitment and Sport Consciousness measured by Diagnostic Inventory for
Sport Counseling among Female University Students

Ryozo Kanezaki

Abstract

There are some scales for measuring people’s sport involvement. Kanezaki (2002) has developed “Sport Commitment
Scale (SCS)” based on behavioral tendency and sport consciousness toward sport. Sport commitment means attachment or
adherence to sport. On the other hand, Tokunaga et al (1985) have developed “Diagnostic Inventory for Sport counseling
(DISC)” to measure people’s sport consciousness and sport behavior.

The purpose of this study is to verify the validity of SCS and clarify the relation between the level of sport commitment by
SCS and sport consciousness by DISC. The survey was conducted among 442 female university students by questionnaire
method from January to February in 2012. The results were summarized as follows:

1. The higher the level of sport commitment, the more the subjects tend to engage in sport and tend to have behavioral intention
toward sport. Therefore, this sport commitment scale which was used in this study reflected the sport involvement of the sub-
jects accurately and its validity was verified.

2. The higher the level of sport commitment, the higher the subjects’ scores of attitude, belief and normative belief toward sport
were. Similarly, the lower its level, the lower scores the subjects received.

3. The subjects who commit to sport tend to belong to the pattern of high level of sport consciousness. On the contrary, the

subjects who do not commit to sport tend to belong to low level of sport consciousness.

Key words: sport commitment, sport consciousness, sport involvement, behavioral intention
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i ciddel, M LY 7V 'Y FERiIEHER
WX THERENDEEZEZOLNDDT, BKF
“CCo, RERZIEVERBILDBIEL T2 41X
RYULEX D,
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1) NezulJ. et al. Nature Genetics, 21(1): 91-94, 1999.
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ED-85 6 &% 6 BIZHITTITo/. bL—
=7 (Tr) BTEOFEIXATEEY & L, T v bC
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Fay F—ORE Y BifEX BIRFIC R ET 57
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MBHYSH
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H1-DICHAVLN (Yanai2001), A7 4o F v
AR Z— P ROF — BRITER S 5 BV EREE 2R
L, BHE~BITI5-0iIcAVWbNS (AL
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RN ENEZBh, REEHER MM I7MLIREL
TWAZ ENRHEREINT-.
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®
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ERORIRT 37 D OIS L B9 L
T, BOINEOFHIC DL B CHBHREIMT
LNBEZENHD. ZOFEFITLY, BEREENE
KRB RLN, BIARBREEZRZ ONDZ LAH
FEENTHHZEnD GaAkl)iln 2012), BEEIR
BDBHERCHHERY T A—FZ I B ERRE TS
TENREBLLND. FITANRIL, BEBEOE
ANCREEYZEL - LI X VAL SRR TS|
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BRBIUER
BOWEOFRICEEMEZEL ZEI2LY, £TO
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HREIZBWT, B2 ANLDEYT 4728
TFB7A T AL 7 EDaryer—a UHKiL
LizbnE L, U7 FRYY a U bEFINITE
L. IARKRELERAEE ST L., BT 4
BOEHE VIR b A5 (CASIO #§4, EX-FH100)
AV, BEAC—FER120 a7, Py yF—2R
E—F 171000 #& Lz, BlEARIT LI Wells and
Winter(1980) D 5 #5142 & - T Boi SRR % (5~
12Hz) #%FE L. 3 KRuAEE{E % Butterworth digital
filter IZ X ¥ L L7, B OIS ESHBALD 3 KT
FEEN O, R —/VIREE| SRS IS AR LR,
AR OBSAER I UAEESEEML, X
A I EEDBE D LR —A 7 bETER, O
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NWERELTWA. ZOTEhxEE & L CEGIREK
THCGRER, ISREOFESNREHIh TV
55, TOFBICETIMERIDR. T2 TAH
T, AR—YEEROBPIED FEHRIR R
THEHIZ, Py FIAEZRWTHEEEOERE
TERREICER L, L EB ORI v 7
v FER, THHAKE, GHELO 3&KGOEKR
JRIZOWTHREZITY, AR—VEHBE COER
HHZOWTHRAT 5 Z ¢ #BRYE L.

5o

1. REER X UTAERY

RS, BEOSERZRIRST K S Erakg
KBTS 1F4£44THY, RETER2A4E8A
13,16, 26 R 3 BREKE L.
2. BIERHE

1) &, &K, kB

2) DG RIERES ROV b (POLARYD) %
J:: 1Yl

3) YHIRERGR : Hardy, Do Bois (1937) DYy
BEREE (Tsk= 0.3( MR + LR +0.2
CREBSRIE + TREMIE ) 2RV .

4) RPE : RPE (RBEASEEHHED % 15 BRRERE
L, SRBERHIEE L.
3. BIEFHE

BHT x 7 v MRGRER ), THkis(150),
HHARLD 3 FEFEEREL, by FIE
(10km/h X 10 9% 3 & v M7\, &y FHEIZ 10
SEDKRBEZRT, (KERHTHRHY Yy NERE
TS AW EIT 7.

HREEBR

3 SOREHEBICx 5045k, RPE, RBAGERD
SEHESEBRERDI L, BHY Y7 v NERA
RS TR AKIZ I, (L3838, RPE tic@fE%
RLTEY, ZOBATIIHRAC Yy MibE
DERDBRNZ ENR I 2B, UL, HER
IZBWTE, THEAKRFEROGHI: LR L T
BHY ¥ 7 v FMERAROEEMELS, BEDOHITH
HREI & > CGEE LTV A BT LT VWA
BEMMRIFTE ARIETICho - aleERE - 7=
OTIRVIEEZ bR, ZhiZe 350
R ZOEIERHEOHEINRE<BEL
TWaEE2bh3. Thit. BulsudEkon
ISR OREE L OBENEREICHTEL, ThAH
EROIIBEREDICHT=5 L EDLNTWA M 5H
Thd. 2FY, TOHITALBIC K DHTEHER
BREOBENRZOKREREEZLELTITCE-TL
WX BEREROT=DOTHS. BEMIZ, HHY
¥ 7 v MERARZIX, Af3EREZEIBECTY
Teb DD, FOHRIALEIEENE > =T IR
B3 <&, FHROESHITTZIE LR
Ligdyofe, —HT, TH&AARY, EHEO2G
HiZo7Z bbby, AEREIZNIEEENEZRELC
TWDo72 b DD, FEOBLTHIED LBk
BOELENT, TOERBRZ bolexFIIR
VRBRIIEL 2o lzDThHB. LIzhoT, &
WD BHiY, BRI E < RERTEL %
BT 3 Z L BRAR— Y EBBIE CORAME 3
LTIV IROTHD LV 2 5.
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RFFRBFICR T DRIBHRE & BB Rt oo Bt

—2012 FE HARFHRBEREASH,» b AR —

OARF&EIL, FHHE. HEXEF EREERFRER .
&M (BABERE SAEAZFEHRR HAEA EREEFEKE)

¥—U—F: R (E BMI it FREF

B &
FHR TIIFREF OB L F— L OB
BRE R Lic k. FRICKEL Ehd
FE LVEIEOURI 2 HE HE S LA,

5 &

1. BREO%SR

BREOR&RIL, 2012 2 HAKFFFREFHERRIC
H LT 26 F—u, iBF 649 AT o7, SRR
ERIIRLE,
2. NEHEOMR

XA 649 A% 2012 2 H A R EHFRBRFHER ST
—ARBHC Lo T A, B, C o, TN
BB X HICHBLTHIZ, ABHIT2BEL
728F—4h (RAF8) 200 A, BEIRAST1
BLi-F—AL8F—b (RXF16) D200 A, L
TCRHIRIRETORED 10 F—LD2UI NERRE L
7o SPAUREEGIR 2 IR LI-EY Th b,
2 1. B0 BN (n=649)

Shk(cm) R () BMI

74y 17531 73.77 2397
sD 527 7.08 1.69
2. REBH<H1-RFOBENRRNEHBREGE
AR Bl cH HE®
n 200 200 249
% (cm) 17589 17560 17451 .
sD 534 498 534
R (xg) 75.11 73.96 .75 ASB>C
sD 6.70 716 735
2'
BNl (g'm?) 2417 2395 2386 c
sD 153 1.66 1.85 >8.
ERLER

SHRIBAL T, £26 F—4, 649 ADERDOI

1117531 (£527) em & 72>z, BEAADRABFD
Y RERSGRREES 2010) OFHNC LS IR2cm B
BETHDH LW HENLDLMS X 5, ABliiHES
F— IR O E FRIBER L 2ol

EEIZBIL THL, £26 F—4h, 649 ADIKEDFY
T, BIUEL708kg TL oz, ENFNDTF—bT)
WCHT-BHRTIL., 1 %kETHERBERIBD bz
F—LOFERERD L, FEEHOFRNF—LHYEN
F—r L0 b HOTHER L TWB Z ERENT, £
7=, R2ITRLIZA R, B, CHBZOTT-3HE bR
BERLI2oT, ZhHDZ EMD, KEORINX
BBEOWINEEx bh, LY HIOF—LOBFIH
HAENEL . REDPTEOHZ+FITHEL TS
Z BRI D,

BMI iZB§ L Tit. 226 F—4, 649 A BMI DF
B, 2397 (£1.69) kg/m2EizoTfe, F—LbRHlZH
TERTIL. fifRR 1 /S—kL hKk#E 5,%—EV b
KETCHEERENTNEDON TV X HIZ, F—
LD E OBFtEICIV T, BAEELRIUERS
7pote, DY BMI OBRHERIZ8 RFESHEY OF
BEEMREL, KEORGHERTALNZ 9 RF@EY
DOEBELHBLTH, IHERIUERTH -

MLBAONTBTFLHRINIHREICLDZ
DX 5 IfERD 5, HEKEMNE) [BMI OfEASKE
ZEIX BT ERRHBOB I LEZTIVIESS,
FHRIIRICIEEDT7 4 —/V RT, ALK& LEED
RN EBT D2 LRFOR—AZIHIRCKE & &
HID Ny FCIO Vol BiBf AL 20720, &
RN BRI E < . RIEHROR XV KIELE
FENAFNCTE TV B, 2012 2 ARKFTFRETFHE
KEWTHIR UISBFLRIERC. T X ) R
DEEBBD LNT-, LHrL, 2EKETOF—LD
BBV TRl LT Ly Uy —R
ERIREOHIGRERRT: EE D LA B 7= DITIHIC HE
EXHsZ ENTFREND,
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EEMRFICRITIEEOERFE

OWRAZSY - KTHE - BIHKA JUHIEILKF)

F—U-— N EEEEERT EEBE oA FTAL

H ®

IEEP I AT —EMSICETE L7 4 — /L FT A
FELT R L—=2ZBE TRV TWS. S
BEONRT F—< AL o T — [ THEEREHE
RTHDH b, FEEBT AU —42THET 262070
FETHDH. —BACEEPImE CTEEShD Z &
MED, R FERZ ST —Z2 3 5 IER A2
VWEFEHERTFOMEARHEN R XN T D LTV
WV, &I TAMRTHE, BHANZT7 41—V FT A b
BT T 22O O MAEZE 572, FREERTIC
B AEEPROEEFHEEZALC T A L2 HE
LiE:

5 Ik

1. X8

RIS T A 27T A Th o7, 13 BT -
AR— VR, 3 L EoEHEERE E ok
FHTHHETH-T= (SPT). 14 L1LEE - AR—Y
SELANOHITHY, FFEDBEHAR—Y%{T->T
WRWETh-7= (UTR).
2. HIEH A B X OMIERE

i 2 COEEBkBS LU B TOERBKC L > TH
DAL= BRI (R R A R - A i) A G HRIL 7. %
ST EAR380 mm O Al vk BT, (R
BRI v 7 A—% (TKK 5106, Priisas T30k
KXeth) ZERIC~ VN CEEL. BRI, S
RFIZ S o 7 A5 LK (= b ) (ZAR R D38
WIS LS N DR EH 6, BEREL BRI
UMD REZRFEL-. BRI, RhEi{ERs Lot
RABEZFFATL, CEAE T EBES O feRLE.

WEZ 2 BEETV, feb i o7oie AL, 7ok,

FHhi=v b EIZ @A RS ISR
3. Weatsg

HeaHERZ  TEE B Y 7 b StatPlus®:macLE %
vz, FHEEHRICOWT, FOSEO HE
WSSO t BUE A V-, tBUEE, i F

AF—pHyra

WIEZITV, BEICOEDYE LW B8,
Student’ s t-test Z- AV /=, ZedsHER IO EAKHEX 5%
K CTHE, 10%KRMTHEER & L.

R L EE

e Rk L SPT B (57.89.28) 43 UTR
B (53.64+5.64) L v b iR % R L= (p=0.08)
(). ER+ER Y ¥ 7 8L SPT (74.92+9.05)
7 UTR (66.29+825) LW b AEEICEN-T-
(p=0.02) (). ZhboFsEIL, SPT R#EAAFER
IZf T2 TWAHEMM b L—=2 7 OS2 M LT
WAHELOTHDHEEZLND. Fiz, TaalEdie
DO AEHAIIA Y — b F v a LI
iTh, EEHOHONEBEE, BB, RS JE i
T A R 1A 7 L AR o R ElC Lo T
Ta&ND. FDf=, R¥— v a2 3RLL T
L AR OB REMEIC X » 2T S D 2 TOHE
PECER L - ETH D L VR B.

“hbDZ &k, BRI D/ AT —Hho
THmEE L L CH R CoEERKERWD Z &2, #
FEEERFEO U —Hh A FHE T A BRI EEITH D
LEZ NS,

= Sprinter (SPT) s a
Untrained (UTR)

i

Jump Height (cm)
= 2 3 E] E
e |
»
- |

Bipedal Unipedal (Right + Left )

H ARELUHROEBBURER(*; p<0.10, **; p<0.05)
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REFTE (lesson study) DOBFERREDI DA

HEREETEEHEORE
OMbEE= (LK)

¥—U—F: (kHFRE BHEORE CPD

I ]

HREBEOT IV FZ YT 4 BREDhBHIE.
BEiOAELZELZREE (CPD : Continuing
Professional Development) DLEMER—ERE > TV
3, EEFO CPD HfFe T, BHTER D@2 S
ROUROBEEMES R I, TORELEIGERX
NTE, hF T, BPEOER CEEMIZITDR
T& - HEFFHE (lesson study) | 13, 1990 £4RIZ
T AV DT &N - L 25, EEEEET
HER7: CPD DETF NV E L THEASh, ERECRE
ORI TONTE -, L L, BEEOKER®
lesson study (2B TiX, Z DEBREZFLARNBL,
ShE 72 TR RIT OV VT DI ZEN SR &
TR, £Z T, AR TIL, FGFEED lesson
study & OMAE RO CPD (ZB8T 2024 E L. &
BEOEEREMEEMEOTEFHAOLNITTEHZ
LEAE LI,

k&
BEICEHTZED lesson study K UMEFEFRD CPD 1288
3 5 3CHRA> HIEZERB 0D lesson study FFFEDRE, B
LB R OMAER O CPD OFREL B U=, H5
U 7=3CHRIE, Lewis (2009) . Yoshida (2012) , Housner
etal. (2009) . Wang and Ha (2008) T¥ 5,

RER - EE

1. AR D lesson study HFFEDRHK

FRER D lesson study DZ < 1L, HUROBEDFKL
NHEFMIIBM U/ LV — I L ViR Sh
THY, BAEIEENTHI AR PR L L=
1372wy, E7z, lesson study BFFEDZE < 3Bk - ¥
FROBFICEREY T LD THoT, Figure 1
i%, BRYAY72 lesson study D7 B ADHTH B,
2. lesson study DR

lesson study DX E LT, BEIOEBINE DGR

OFAL, BEEROE(, BRHEENEROELL.
FENEMOBBORENRET Hh TV 5,
3. lesson study DFRRE

lesson study FEHiD_TOFREE & LT, RERIHAH,
HMNEE R T 2BIEEORRIETON S,
4. (KERD CPD D

#EH O CPD (B33 5 W78 Tl BEh o Eos
BB IR RIS TE 205, R AR
EROBEER~OERICGRENRINTE T,

LREEE DL, BEHOERFERLE L
lesson study %3, BEMOEEHCIREEEROUE 0
REARTET N LR DFREEN R CE 5, BBD
BEREOAEI X lessons study THRREEE STV B4,
BHEROHFRIEROSFHEIZL Y TOABRLER
THFRHBBRBREIN TS (Lee, 2008),

1. STUDY

*Study curriculum and standards

«Consider long-term goals for
studentleaming

4. REFLECT 2. PLAN
*Share data from research lesson “Select research lesson
*Discuss to carry forward leaming, *Write lesson plans, unit plans,
new questions into next cycle of data collection plan
lesson study

3. DO RESEARCH LESSON
*Cne team member conduct
research lesson, others chserve J

and collect data

Figure 1. Lesson study cycle
ot
#HEFR D CPD IR THEMB I T /AL,

lesson study MFEMAIZ X Y METE HREEMNH B,
5 BAR L LT-AERD lesson study 12 A% Y
Th7 4—/VFREAEL T, TOHEATEESR
AETAZERDOEND, IHIT, RAED lesson
study %, FERBEOF B HEABWROBER % T
ST % Z & T & Y 3R CPD O ERRIC OV
TR CcE3LEXLBND,



AEFEDZE LAF TR LT BREGEIRGIEZE DB R
~ TR R Y y W R SR N T~
OMATE HEBERFREDD) EARE (TR

F—U—F SRRy bl a—R5
H

FRDETE « AR—Y Ok - HED% 1, £4
N B D N— A TSN HHR DR DB
BIAEFNTWAZ ENITEALETH D,

T bOEFERAR—Y DI L L TOREER
IZBW T, FEEONRCE -k, 228 -
BON— Nk -YGEL, FEHERY—TH&
ThHAHH ESbILTWS (R, 2002), &5z, 4
AR DFREFDOH H & LT, £k -
FAEMEE T EAAITILY e X 5 IZERESIT A2 L,
HELWERZRBZEEIZLLEDbhTW5 (&6,
1998), 2%V, FHL~VUIGLET, Mok - HEA%
EL, FEUVRREREYS = LB EAR—VITo
IR BB B TEIRO TRV W e E 2 T,

EZCAGE T, AT v MR—/UEEZ
O EAVS a—2 LS LTma— b F—L,
T—/LEFNDI—RAERETHZ LT, EEOKH
BT 2EROEREZHOMNIT L L2 A E
Lk,

F
156088 L OSHASRRI

1) SRSy FAR—AESER L@ 1 477 4
757 a—ZRN 584 (B 26, #32)
ToVafa—AR 154 (B6, &9)
a—2AFEH (5T~ Vad) 44 (i)
SCRRIEAE I AT 2 F o B,
i, FhOozoEE L,
7 77 a—A--HHERORERERVWSa—2
T Pad a—A-fliglblLica— bk H—u,

S—LE VD T—R
2) AR L AU, SRk 24 4F 12 A~k 25 4E
1 HIZHNTT 9 Bl FEh,
3) FHEORLWEETL (2 Paf a—Xx)

i [l sl x| slelz] ]y

04 Ya—F4vJF—4 (SG)

l b1 hb2

| |RLD |5EBoTWANTY—AEEL [BAEbIEa1RE L~
l H=1lte NTH—AEELLI LNTE
l B,

504} FR )

2. E
1) F—AsofEkEt, va— M, va—F v
T — L OREASL, AL
2) AR, AEREDSROA LIRS
FEREB L UBE

2.80

B
2.59
2.60 255
2.51
2.40 2.34
- : l 7
200 L. :

297 k@ Lz m ol v 297 TF M
B | TR AT
K1 a—2, N7 MRS 4 b7

Tl ar T

1Y —LF MR 1—srna—tun | 17— T | MG REY
257 ki 6.83 1.91 1.02 2
HZ5 T 6.34 1.48 0.68 4
25TTFHE| 447 0.88 0.27 8
TLTaA T 9.36 2.04 1.65 0

BETHROFENZIBNT, =P a A FRLOED,
277 DB X V@ oz (p0.05), ZDFHEE
L CIIESHIEEEHROEREDMT (p<0.05), 2L &
5 (p<0.05) BEL MR- Z EPERTHD LEZ
bhB,

T TVaA MU 777 MLk v EiiEkEk,
By a— bMABESEL ot (p<0.01), EBiZ,
Bfimbm< (p<001), EEAHED—ADLRNI E
b, SEIOFEETBVT, &Yy FR—ALOFEL
Sx 7 77 a—RAERE L kb A TV ADO TR
MEFZTZ, LnL, BLEAEE ZhbDfEDR
CTHBIRRGhRh Tz,

FLo

| SOffiH % 2 —AJNZ I 5 Z & i3, RO,
B owett, BEEOECEEOMEN H Y | FET
BOTHEESEHZ - 8 FHlEhs, UL, 38R
L7=fiH % BTG > 723 LA THULY il 5 D1,
{EHDBMENEFIZ & o T, TERIORHEIZfilvn 2 /3078 F
B 1 D ThHH I EBHALMERSTE,
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BRBEPRL DS AREORECHET IMERKTEZL
F v A EZEHHES DEhFR

oL ¥ (BEEFTXRF)

¥-U—F:BRER SRR KEHHES

B &
R 20 SEEROFFEREERRATIE, PRTBY
TH L RADRFEE B LMETRIESE DL RS,

ATV TV ARLIVEERIN TV,

ZZTAMETIL, ¥ AEERHEITS MU -5
HEEZFRICHMSERELEML, ¥ A BEOE
2R U CEBEA N U TV AR AR UERY
ML, FOBERZED. i, ¥ REEHHES
B RS - SRAERIZOWVWTHEL, BHESD
DREBAET .

5 &

1. s K UTREARSN

FHERGRIT, 2011 4E 8 BIfTbh - ERB R
KB L TEERS EREOEMPHESIZSM L8
R 76 4P, APEEREONZ564 (h:18
&, P:144, &:164, FIXE:84) THo
7o, 2EMREMET, PIFmMIT 3851101 5% (Y
HEHEEE) Thol. ¥ AEEHHESHIRICE
RREZ M L. EEBHES OHMIIAR R
EEROLYD, NEIE, OLBT (A¥=Ia=/
—a ), @7/ N—7T(N\HBEOE, #HIZE % ?
F—h, FEZEEE, HoEOREY L—), @RT
T FyF&Id—, UF—IVITvTHFUR), @
& AVESHHE TR 2 Il R U 7.
2. AEHEAE

ERIHESANT 1) o RAOREOSZHEER (/)
F~KF), 2) FURADEFEHR (FRA%HD
T, FURERIBIE, FUREBDBIL), ) ¥
Y ADISHERER, 4) ¥ RBEOHEE - BIE,
5) FURABBHEIZBL TR LTV Z L R - &
2E) ZOVWTHREL., EETHERTEIC 6) Visual
Analogue Scale % i\ V72 UERIRIRICBES- 5 3, 7)
4% REE WASEDA (itdHth, 2003 £F) 2fRE L 7-.

MAEET (BRBLTFEHKRF)

HREBE

RIREA L LTEEBEL ESR U TV 5 THERER -
REERAZ LL, BEIIRERH D) L) A
BL Tk, BEBRY U AZEDZ LOFEH, &
BIZ S AREOFEHR, & AEEA~DR{ED
HE LEERED L. £, EEERE - R
E2 RSN TE 2V LB L TWDEEIT,
KETH U ABELZHLOWVRVWEISREL, &
Bl 151% & Viedrolzil, FUARHET, Bl
BLEL, BHCLBERHIHBITY, TREOHK
BERBE T, ¥ U A2 UMETRIESETRLYY
EBEZTNWBRIEMD, RETOY ABEDOLE
AR E -, &bz, AU AOREICHERD
HEENTL LS [BEOFHEORSEZOLTRL
W ERERUTEY, ¥FEREEEROUGTICL VEH
AEDHFARLENR>TNB I Ehbb, ey
ADBEEY X VRS FEVTZWEW)S BEIMME .

BERBEFOF - RCHT DHFE GO LRSI
DEFEH - BEIRRESBREL TV,

o AN B & R & RIS AT E S
IEEFHES ORIOLERE (M h L&) NLE

Rz 13K 1HBBE) IRLE) TEHE)
EREERELTWE. BHERIZIE, RLX) &
EEXTS) [BHR) (<o PmkEL, THE
L TR0 T88R) MLl LLE TRE)

[BERIRBE] SHALMIET LT,

LY, ¥REEFHERIY, ¥ RIHT3
RIOT 4 T8 - [pemLEE, X714 772
BR[O TERSEIPRVBBOHONI.ES T,
PHESDOZHC LY, B - [ROVERTH LT,
& AR D0 & R PRRBUI T D A E SR -
BiE2ELXE, HEETHEL LN SRERORRIC
HLORNRBO TRV EEZ B
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HRERBEICBIIA2EFEEERPEHNORYHAR, XV F VAR

DERCOVT-FAEZNHRE LT -
EHPE RIBAE)

F—U—F: 749 bR &hH aIaz=y—vavixn

HE&Y

KREANER, ThETOEBRRBECASZHRY
BLREVPRKESELTINMICHEY, FHLL
EBERKE~OEI. PHI-3< 9 2 LIRENRET
b, BFEWREIFALIZL o TLHEDNRS A
BT VR L 25, KEAEICBIT2LF0R
RAEICEHEN, HENCELIRERED—
LLTHERBEREEREREZF-TL B, X
R—VEEZTRAVEETHETIE, 2Ia=ys—
Va VRAFARCHBITEIIREEFEZHEC TR E
DOFEERBHIh TS,

EIT. 74y PRRAFRBERIT TS 1 F4E
265 HEREMNBLL, AT X MIRERF—
MRELHETRE, 77— FAEIISER ¥ — R
TR, ERBRTHIZaI a=myr—va v
A2 %) RE (ENDE 2) . H#EH O R E (ACS)
EZRIE LR,

Fik

1, ®&B L UREM
PAEFRIIFAETEEN 7 1+ v P RRABRE
BEHFL, Tor—McEZLE 167 4 (GE#
18.52:0.72 Bt 1344 kit 334) 1EHE
AEI4 AR, 2EBIX7 AR, 3EBIX9
ATRICERLE,

2, WREEHE

DEASBME (T1.3%BHLENTELL)
DERERGE (#F=##B BF-564)
37 A+ 8B (BH. REKNE. ¥b
B, REBLEC, ~v FR—AEIT, kR
ZL., 50miE, 20m¥¥ b T )

50m FEiTREE TRRERL TERIVBER
Bo

4) 75— AE

caIa=b—aryAFNL (BE, 1994)

- HEMOBHBRE (ACS) N FthiEss, &
kDR
TRBLIUER
H7 2 Mz oWTiE, B ®% 6 HB

(LI L., REKRLT, 200m> ¥ bV T,
MLIEBE, Ny FR—AVET. &KIER) °F
BEENBDLHNh, X 3HE (EEZL, &
EARR, REKEL ) THREESRDbRE, 1
EB: 2EBDENT R MMER 4EHBAU ETRE
LicAzékhm L, 4 HAULTETLEAZ
EAHETH, LI bBERVAZENER
LBCHT, 70— MEREBRELIK=a I
==y a VAR NOBR N DOAEERENBD
bhie,

74 FRAZEEICLEBEOBRS, BAR
BRankELmES S T LBPLITR2Y, BETH
BORaIa=r—arg2T e8P nE
ReEZEZOND,

L] an
RMMNE EARETH BRMOGLY

388= 114 244= 194 2473 7.9

RRETH

385= 983

287+« 588 207« 605 - 28+ 619 220e 6.17 »

433= 312 474= 963 473 7585 812 88 -

Rerite o S5« 799 S5864a 820 - 406904 385 ¢

688x 232 721a 393~ 159 438« 1188

20t 3486 30.8 « 157+ 210 160+ 19.59

N F A b W17 L) 210+ 490 228+« 3530 - 128+ 388 1322 an

293= 66 286« 685
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$IROFEC & EERE ) DBk

ORfET @M CLEHAY) BT - ABRE EMLFAE BN (BAREFEE

¥—U—F: gk EEREN FAES Al

HBEERY

HERGEOEEROEN D, BROHRITEE
ZEL TSI B LT3, IS RIES R
HA KT v 71 1k, ShRRZIWT, 2 8ivtilE
UERlE LS iESzHmcd 52 ik, B4
BV F BT BT CRL . AEChi- o THE
FHESL, BHSEOICTEENCE D A, BV ANER
HERE S VICRB LRI T3,

BRIz TR, F0 L 528 viel L
CEBIECEIHE L TV 508, SRRz LL
EE2ED U GES#S & UTIBEEUYH 5,

AN T, SIRNRZOBBREURHIITOF
SR E 5 - SEBRED & OBHRIZOWTIRRT 5 =
LEEME LT, - BEET O —MeEBLE
DT, TO/ERLEEORTRET S,

BT SREUHE

1. ®#R

ERHOM Z EbRIGES SR 68 A @RI 7R
BIR19%4, LR34, 5ERIZF7ABR104, &R
16 4, BIERFOFIAmE3 vy A~6m%10 v A).
2. & - EBRESRIERRE L E=UE

FIEEE X, 2omiE, MHIEPK, FSsskOR
L, {&Eeas, V7 PAR—ETC, BOREH
REGE DBRFHEER (HEESRENRIE) A
PE-THME L=, BIEHIRIX, 2012456 A, 201342
AOWFhbamicZE Lz,
3. POV SR & 1T

2012 #£6 A~2013 42 R & @ L T, $iROF4 (&
) 0TI HRLTW S 6 Rl @, R
—)ViE(R, =8 - R —F—, £V EIDEFEER, gk -
T TNTh - HATY, BVE) FHHL, 2
AREH THRICHYEFTEICK L, 6 fEOHEOND
EHRDBHRONTEATZLOETE LT,
4. EE

2012426 A, SROESEEITH L, FRECOFNEE
TIZHOWTHEBHEE AV TIRE L7,

ERLER

L. FAREWZOWT

EHRPBHR AT L DL, DIETIL, =hpE -
A—2-Fb%< @234). RT, EYEIDER
RUGEE - S TP h - S5AT BUAR), B
TS 84) N—F® T48) BYE @4) Tho
7= ERRIZBWTL. EVEZHEURRLEL, B
R @), KR 64) Thol, SKHEEDHFWNIL
RDHTEST, ETAFEPIRIZEBAN T, =EsolE
UBERHEL 156 4 Th oz, SEEORFEUIIERN
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