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[Introduction]

To improve competitive swimming performance, it is essential to increase swimming
velocity during the stroke phase, which accounts for most of the race. During stroke phase,
the hands generate the greatest propulsive force among body segments. Propulsive force
is enhanced with increasing in hand speed and the angle of attack. Therefore, high hand
speed and a large angle of attack during the pull, push, and clearing phases of backstroke
are considered important for achieving high swimming velocity. However, the influence of
hand kinematics on swimming velocity during maximal and submaximal effort backstroke

has not yet been fully clarified.

[Objective]
The purpose of this study was to clarify the influence of hand speed and angle of attack
on backstroke swimming velocity based on kinematic analysis. Specifically, this study

aimed to:



1) examine the relationships between hand speed, angle of attack, and swimming

velocity during the pull, push, and clearing phases of backstroke at maximal effort;

2) examine the relationships between hand speed, angle of attack, and swimming
velocity during the pull, push, and clearing phases of backstroke at submaximal effort;

and

3) identify strategies of hand speed and angle of attack during the pull, push, and
clearing phases that contribute to swimming velocity production in maximal and

submaximal effort backstroke.

[Method]

Fourteen male competitive swimmers performed backstroke swimming trials at
maximal and submaximal effort. The travel direction of swimmers was the X-axis, the
short axis of the pool and the axis perpendicular to the travel direction of swimmers was
the Y-axis, and the axis perpendicular to the X and Y axes was the Z-axis. Each trial was
recorded using video cameras, and the position coordinate data of four points on the right
hand, the right acromion, and the greater trochanter of the right femur were obtained
through manual digitization. Average swimming velocity, hand speed, and hand angle of
attack were calculated for the pull, push, and clearing phases. Pearson’s correlation
coefficients were used to examine the relationships between hand kinematic variables and
swimming velocity under maximal and submaximal effort conditions. Differences in hand
speed and angle of attack between maximal and submaximal effort were analyzed using
paired t-tests to identify kinematic strategies associated with swimming velocity

production.

[Result]
1) At maximal effort, swimming velocity showed a significant positive correlation with
the angle of attack during the push phase and with hand speed during the clearing phase.

No significant correlations were observed between swimming velocity and hand speed or



angle of attack during the pull phase, hand speed during the push phase, or angle of attack
during the clearing phase. During the pull phase, swimmers moved their hand in the
negative direction of the X-axis as well as the positive direction of the Y-axis. During the
push phase, swimmers moved their hand in the negative direction of the X-axis and Y-
axis and Z-axis, while during the clearing phase, it moved in the negative direction of the

X-axis and positive direction of the Z-axis.

2) At submaximal effort, a significant correlation between the angle of attack and
swimming velocity during the push phase. No significant correlations were found between
swimming velocity and hand speed during any phase or between angle of attack during
the pull and clearing phases. Hand movement directions during each phase were similar

to those observed at maximal effort.

3) Hand speed during the pull, push, and clearing phases was significantly higher at
maximal effort than at submaximal effort. However, no significant differences in the angle

of attack were observed between maximal and submaximal effort in any phase.

[Discussion]

During both maximal and submaximal effort backstroke, the shoulder joint was
abducted during the pull phase, and the hand moved outward, suggesting that this phase
contributes less to swimming velocity production. In contrast, during the push phase,
swimmers exhibited high hand speeds under both effort conditions, and swimmers with
higher swimming velocity appeared to maintain a larger angle of attack. Furthermore,
hand speed during the clearing phase was associated with swimming velocity, suggesting
that modulation of hand speed during this phase contributes to differences in swimming
velocity between maximal and submaximal effort. These findings indicate that swimming
velocity in backstroke is regulated primarily by adjustments in hand speed, particularly
during the push and clearing phases, while maintaining a relatively constant angle of

attack throughout the stroke.



[Conclusion]
This study clarified the influence of hand kinematics on backstroke swimming velocity

using kinematic analysis. The results suggest that:

1) achieving high swimming velocity during maximal effort backstroke requires high

hand speed in the latter half of the stroke and maintenance of a large angle of attack;

2) maintaining a large angle of attack during the push phase is particularly important

for achieving high swimming velocity; and

3) swimmers achieve higher swimming velocities at maximal effort primarily by
increasing hand speed while maintaining an angle of attack similar to that observed

at submaximal effort.

These findings indicate that hand speed and angle of attack during the push and
clearing phases play key roles in swimming velocity production, and that improving hand
motion during the latter half of the stroke may contribute to enhanced competitive

performance.
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M, Z7V7 UV TRmEOFBAL =R, FEOMMA &IKGEEOREROM (WS 2),
RS T) L REST)F OFRE OUCHEFIEIZB D 2 7 VEE, 7y v a)kmmE, 207V
> 7 TREDFEA L — R & FEOMA OGO WHEHRE 3) BUETHLH. Kt
T, DERENOBEIREITEBNT, @WVKEELZBET 5KEIL, 2TORETT
A — FRE<, AARRKEWVEAR D2 WFERE 1D, 2RAE) FICHKEICHWN
T, @VWKHEZFREHET L9k 1E, ETORETFHBAE— FRE <, AR EWER



RNosd (e 2), RKEHOFEHAL — FEAMIE, 2 TORE CTRRENTLY
bEVMEZ R (BRI 3) LW IR ZNLTle, ZOEOMGEEZ HRY L LT,
L. BKRBEHOERE OEVIKEEREICED 2 7 VRE, 7y v a/iE, 77
VU VIREOTFHAE— N (55 2%« RS0 1
2. WK TFOBEKE DOEmVVIKEERIZED 2 7 VEE, 7y v afm, 7V
TV TREOFEA L — R L (5 33 HIERE 2)
IZOWTHRI LTz, LT, & 4 B THKEORRE ), RGBT 5 7)VE,
Ty valgm, 707V T REOFHA Y — REFEHOEA WIZERE 3) ([ZOWTEH
3EE COMGLICESZRIENIZER L, 5 ECfiimaib 7.



E2E BABHOHXRIICBIAZIAVEE, Fyv=FmE Z2VT7V T
FEOFHA L —F, HA & HoEE O BE%

2-1. HiY

AMFZETIE, B 1 IZHADWT, RRENOBEIKE DTV RE, 7y 2 /i, 7
U7V 7 REICRT D FBAEY— R, i L iaEEORREZH LT HZ LA HRYE
L7o. HEETNTHREED 2 FITHAIL, 45°% L <X, 90°IZimv il THIINT 5. Ko T,
TR, 7y almmm, 77U TTRIEICIV TR & & KGR ORIZIED
FHBERIRD B D &\ 5 (A LT

2-2. Jiik

2-2-1. X5

RITRT, BIHKERT 144 (Fih : 22.1+24 5%, HFK : 173.8+59cm, {AH : 68.3
+ 5.0 kg, World Aquatics Score : 670.7+91.7) ZXRIATo7. T XTOXRHANL, ARE
BTSN % 2 & TR LN DFREOM D FIRENEDS 8 5 ARSI K OERRIZ DWW TR &2
T REFET, MEEFEHHFOHBREEICLIFAEEZ L TARERIZBM L. 7o,
AWPFENE, TNEMBERSICI T D NS &+ o tsefmeifast (BKC-LSMH-2024-044) |
2SN T T,

2-2-2. FEBRERER

Tk R OREIL, BT —/L (26mx7 L—, K : 1.835m, /K : 30°C) TH1-
. 10 DU +—I 7T v TR FEN Uik, RED 14 8 (GEE, 4 Ehinim,
a7 M S o7 T S 7 = M S 774 [ = M S 1 1 T A e 1 P4 U
Finiibitaim, AREIRISE, AEERIRISE, A% 2 FEEE, A% 5 PFREE, AKX
FRAE K#ET) ICHIMEDRT 24 >k (YYT WORLD PRODUCTS #H) Brte=—
NT =T (=F AR ZHWTHIZST 2 (X 2-1). &RE D 26m HikE % 1A
T\, Bk —A (MPK-86 URX100A, SONY ##) Iz A7 4 BOET AN AT
(Cyber-shot, RX1001, SONY #-#) T L. ©T AW A 71, BhF A 4 — R
(LED) ZHWCRHM L7z, A% — hBLUOKTEEOREZYIRT D720, AZ— |



M5 15m HSZBEIE XM e : 4.5m, #%: 1.0m, 7S : 1.35m) OBHfaHE S LT v
Y7L — a7 —AEBEL, ¥V 7L —30%2T7o7 (X2-2). F-, I8

WZiE, A —FET IR RS LI RLTE

X 2-1 : ~— 1 — DAL E

X 2-2 : HIEBREE

2-2-3. EB) T — Z DT

TR EREORE TREG Lzmg T — %1%, F#H7F %1 XY 7 & (FRAME-DIAS
Ver.5, DKH ##) #H\WCTF o4 XL, MBEET -2 EBF L. v 7 L—v
= AT, X 5T 0.0028 + 0.0004m, Y T 0.0058 + 0.0013m, Z T 0.0054 +
0.0007Tm T o7z, AREFFETIX, KEOHEIT N2, T—LORGhA X, k& OH#EST



TN RE R 7 — /L OF A Y i, % U TR A EE A Z Bl ER L. 72
B, HMXEEROFIL, AZ— 1D 15m OHSE Lz, T VXA X2k ->THLR
TANLEEET — 21X, 4 IRONZ—T =280 —~"27 ¢ L4 (GEEERE : 6Hz) %
WTH b L7-(keda et al,, 2021). fEHTRIGIT, AFNAKLTHLIBKTLETOY
VIR E Ty v alFmE L, ZVREE, AREERIRGGE, BEFRISE, 2 e
BH, 55 FEIED PO 2D FEHOHL & KERE KR T-0 X O 2055 KB 72 -
IZERD T L— L bFOF L L BED X FEFED N Ao 7 L—hETE L.
ZLTC, Py valFimilg, VR THEN DO L0 ZEER N 78D Rk E T
Ll 707V rRmE Ty vaREg TEPLIBKTLETE L (K2-3). 7
VIR, Zyafmim, 7 V7Y R OVERKERE, FEHAE— R, FEHOEH %
R U7z, SPEIRGREE, KERVE KRG 70 XN LRH L. FHAE— L, FHmic
B L7 4 SO~ —H—DFLOBEERY MLOREHE BRI L=, dai%, FEo~
— B = OAERR LT & RSO MBS e LTERLE (M2-4)., A br—
7 BROUGEE DOV Z, TVRE, 7y v a@ib, 7 U7 ) 7 RiOukEE,
FHAE— R, FHMOAMOVEEETH Uz, F2, A ho—27 2AROUGEE, FHEA
E—F, FEOMADRRINT =5 2Rx LT (X42-8).

X 2-3 : WK E DR



2-4 : MO HHE

2-2-4. FFE AT

5 L7277 —# 1%, Shapiro-Wilk f27EIZ L > TIEHMEZ MG L7z, EHMENTRD b
ERM OHBEBRIE, ©7 Y o ORFMHESREE O THBEBER AR Lz, £ LT, &
72 < & b= OEFRMENRD bR T BB OFBERERIL, AT~ DIRNFHEIR
¥z IV CHIBIRIER 2 43 L 7=. Shapiro-Wilk BEDFER, 7 L 2 RiEOFH A £ —
RUSNOEHUIEMMEDTRD Hiviz. AREFFE L, FHEMREL r 2% 0.00-0.10 % FHBIRIER 72
L, 0.10-0.39 Z 55\ FHEIRR, 0.40-0.69 Z HHRZDOFARIBIFR, 0.70-0.89 A R\ HBIRILR,
0.90-1.00 % JEH 1250\ FREBIBEIR & L7=(Schober et al., 2018). F£7-, MEDZHEMEZBET
1= BH 2 HWT p %% L7=(Benjamini & Hochberg, 1995). 7233, TFalse
Discovery Rate I%, 0.05 & L, qfl2Z OfE% FEl>72EDRERR AT L. A&
KUEL, 5% & Lz,



2-3. FiE

2-3-1. 45 SRy DAHL D VHH AT ER 7

KRIEFRGEDRRGNOEREDA ha—r 2K, TNFRH, Py vajmm, 77
U > 7R ONYEORE L, TVRE, 7y valkmim, 7 )7 ) T REOFHFAE— R,

A O LR RAEE R IR LT (& 2-1).

# 21 REIOT)VEE, Ty vafEm, 2V 7Y T RmEo

AR D T YIE & A7 7

EHE +  ERERE

R ko — 7 24k

SISk E (m/s) 1.52 + 0.09
VIR

SRR (m/s) 1.54 + 0.09

FIR R E— K (m/s) 269 + 0.25

M (deg) 5830 + 17.34
7 o R

EPTKEE FE (m/s) 1.61 + 0.10

FEAE—F (m/s) 310 + 0.26

A (deg) 63.83 + 8.36
2 V7V S e

Sk (m/s) 1.30 + 0.17

FEpAE— K (m/s) 226 + 041

£ (deg) 22.23 + 9.25

2-3-2. | REF I OEIRE D IR DO FER OB, W~ hv

AKRFHRRIGRAE 1 X DEVRE DFRIR LD FEROBBF LAY b2 MIR Lz (K 2-5).
FHBIE, A br—27 2Rz LT XEAaOGAICEEL Tz, ZVRIEATETIE, ZW
FBAOFNZENEL, TV RmEEY T, Z SEDOHMICEEL. 7y ¥ =2 /T,

ZEAOHENZEEL, 7 VTV 7R T, ZEEO T RIZENE LT,

10



2-3-3. KRG I DK E ORI OFEBOWYF, HWE~T b

REFRRHE 1 4 OEIRE O EOFHOWYW & HE~7 MEERITR Lz (K 2-
6) T, A bhr—22fEL@m L T X #HEOHAICEEL T, FEE, v mmd
AT TY BHEDT WICEME L. D%, 7y ¥ amEiET, YeaohmicimhiE
L7z, FEx, 707V 7w THREICEIEL Tuz.

2-3-4. | RG5 1 DOIEVKE ORTERE O FH ORI, HWE~T Fv

AREFIRAE 14 OV E ORTEHE EOFE OB & HE~T MLE2MITR L (K 2-
7) FIL, FVREETET Z SAaOHFICEEL, Y BEOSAICEELZ. £ LT,
TR OZRETIE, ZEIEOHAIZENE L. 0%, FHIE, 7 2 /FiET Z A
DOFENINZ, Y @EOFIZEELZ. 7 V7 U o VJRm T, FEiL, Z #iEofmn
(ZEMELT.

X 2-5 : AR D B RIZ I RKEE I DOE IR E O FELOS &l fE~ 2 F L

11



X 2-6 : LD RICHAE S OBEVRE OFHOEH & HWE~T v

27 : EATITI 06 T REE S DFF VK E DFH ORI & IHWE~T R

2-3-5. I KS5) DK E OUKIREE DR /YT — &

BRE N DOV E OUKHRE DRERIIT — 2 ZBUR L (K 2-8). AFENRAKL TS
TVRHEBIMEE T, TEARIFICEEL CORWRE DS, HEONEE L. &K
KBS OEVRE OUGREEE, 7V REBRAAEZ )& 7 VR R NT T, R0 Lz
%, TVRHEOKEND T ¥ a REOHFERIZNT T, SOOI L. 20k, o,
7 U7V TRECNT TR L, 7 U7 7RSI THEI L.

12



2-3-6. R/ DOEIKE OFHA B — FORERIINT — X

BARB N OWRE DFHA LY — RORSRIIT —Z % KUNR LTz (K 2-8). BRI
KEOFEAE— RIL, ZVRHEBGEE) S FVRERIIC T THINL, Py o
EHARI T T L. 20%, FHAC—RE, 2 V7 ) o7 REFGES) 52 U
TV RSN T T L.

2-3-7. | RF 1DV E OFF O DRFRINT — &
BRE N OUKE OB ORERINT — 2 ZBNR LT (K 2-8). RS O E Ol
I, TVREOHERICOT TREL ALY, Ty v a FERNCT TUhEL oz, 20
&, WAL, 7y 2 BEOTHICNTTRELRY, 77 Y > ZRERIRIC T T
S polz.

13



2-8 : VKIRFE, FEAE— K, O RY|T —H
OF 7 VIS, ® : 7o JFi, ®: 7 V7Y S

14



2-3-8. 7V IR DA EH & iR FE OFH BIESFR

TNREOTFEA L — R, HfEOWEE & PR EOMBERMER 2z RO L. (K 2-
9,2-10). FUVREDOFEA ' — F, HA &P ORICA B2 ITEED b h
2otz (X2-9,2-10).

2-3-9. 7' ¥ = Ay DA & PR EE OAR BRI R

7y V2 REOFEHAE— R, A OPEE & SPEGGRE ORI & IR Ls (X
2-9,2-10). 7'y ¥ a REOFHHA ' — & EEPHEE ORI Z A BRITERD b
2ot (X2-9). —FHT, vy aRiEoif L SEEEGEE ORICH B2 HREEOIED
FEBARAR SR Btz (X 2-10).

2-3-10. 7 U 7 U > 7R O K & PiGEEE OFF BB

70TV TIREOFMAE—F, O & EE50RE OFBIBIR A4 IR L7z
(M 2-92-10). 7 U7V VREOFEHA L — N &K ORI B 25RO IEDE
BEREARD bz (K2-9). — 5T, 7 U7V 7 REOEf & FEKEE OMICAE
IRARBERIRITRE D Do 7 (X 2-10).

15



29 KRB O )V, Ty valhm, 7 V7Y T Rmo
FHERA B — R & PR O A
O:7NFEmE, @: Fyvam, @: 7V 7 V7 Em

16



X 2-10 : KB IO )VEE, v afmim, 7 V7V 7 RiEo
I & SER KGR E DO HATX
O:7NFEmE, @: Fyvam, @: 7V 7 V7 Em

17



2-4. 52

2-4-1. AWFIEO FEE 22505 F

AWFZED BEE, HKEDOT NFHE, 7y 2@, 77V ZRiEcs T 5 FHO
AV — R, i LUKGEEOBMRE SN T D 2 L Thotz. EROFE, HKkEDT v
va RO E 7 )T oV RE O FEA E— ROMICA B R EOFBIRRGED Sl
To. £oTC, BRENOMKEIZEBNT, EVHGEEZFHT 20kE 1L, FHAE— R
E, MARKEVEAR S D E VI IEE, RSN WIKEDA fr—212k
FOFEAE— FEAAIE, @SWIRERRICAERICEN T2 Z LR 6o 7.

2-4-2. 7NV REOFFA E— 1, A LR DB

AHFFETIE, BREHOEKRED T VBEICHNT, FHAE— R KOG &kl
DFNCH BRARBERRITERO S pinotz (K 2-9,2-10). —iRIC, FHEA B— FREMA
DYERITHEE ) DY FET 2 L EZOND720, MERE KEE & ORIZIEOBRRN
ROLNDZEMAESNTZ. LinL, AFRORRIE, @OHGRE 2 BT 20k E 3L
FEAE— FAE S, HANRKRENE WS iz 3t LighoTz. X 2-8 ORERSIT— X
T, ZVVRERPECTHA E— RBEH/NE <, B ALTWD 5T, Pl
X, R LT e, T, TOVRERTPECEREN T, FERIC & HHEE ) OS5y
TRWATREM AR T 5. TV RERICOT TRHA E— R3gmL, @miaha<n
ST, VEEITRPEIN LT, Ko T, VEmE, %Y CTHEE 2 EA LT-—5 T,
DR U CTHEE ) OBERFHTERE L TR o Te B2 bivs. HEE)IE, FEBOExHHE
FED 2 FlTHBI LTINS 2. UL, WKEDER LIS T7 I AzKE OEAT T M & —£
L CW i iug, KEEEORIMZIZFS LIz v, EERIS, RIFERICBT 5 7V R
DFEOEE~Y L, XEEOTm, DFE D, vkEFOERFITINZ T Y #EDHm, >
F0, KEOIMUZ HEWTW (K 2:6). WKEIL, HIKEOTVRET 180°4MBNH>
LI LT 90HMENL E THMEEIZNEET 5. 2oL &, T, WKEOIMANC HIRIZE)
BT 5. koT, ZABETHEIES N HO—IL, HEEH FLISMT I T ATREREAS
b5, HKETHE, —HOFENRTNVRE THD L&, MFOFHIIFIZZ VT I T
EIZdH Y, KEDTVRE TZT 2KOEHUL, MMOREIZESRTREN-TZEBZ LN
% (Didier et al., 2008; Psycharakis & Coleman, 2024). D7, Z/VRHEIZIIT 5 T

18



A — RROEA DD, KREDOE(LE L TENRPSTZARE DN H S, U bDZ &
5, RENOEREDTVIEETIE, FHA L — N LOMADOHEE ) ~DRE), K
DOEFLRLA DTN L > TH I SRR, TR & ORICAHEZ2AHBERIR 8D b
RIpolz B BND.

2-4-3. 7'y Va2 WEOFIA L —F, 1A & GORE DORILR

AHFFETIE, BREIOFREDT v 2 2 JFEICBWNT, FHAE— R LUREDRIC
(IAEZARBIRIRIZRR YD e o e — 05T, M L GEEE ORI ITA B R PR D IED
FHBEIRR RO b7z (X2-9,2-10). K 2-8 B LK 2-1 006, v ¥ 2 REIEFHRAL
— R, 8, WEEOETHEWEZ R TRE TH LD, KRG IOEKEDT v = [
12, < DIKENENTFEBA L — RERIEL T2, FEA E— RO AZED Y
NS o TR B 5. ZORER, 7y ¥ 2 JEOFHA L — R EPKEE & ORI
AEREEBERPIRD GNRNoTo B bND. —HT, Ty alRmnilif & vaRE
OFNCA B/ IEOHBERGENRO bz Z L1E, BVIKEELBET HIKEEE, 7y
2 JHEIZBNT 90TV AHERF L T D 2 & AT 5. HEtE)E, FHAE—R
BIOHAIC L > THEBT 22, FHAE— FREWKETHL T Y 2 /T, A
DEWPIHEE ) DEE L TRNIZEBZ NS, I r— a5l LIEITE T, &
RENZBRTA e — 7 BHEZEINSE S &, FHA Y — REHERTT 5 72 OIS0 DN
I H 2 ERNE SN TV A (Kogaet al, 2020). Lo T, EWFEHA L — RORHLE k&
IR OMERHE, MNLAREERIGE R H D LEZOND. AWEICEN TS, @l WKRE
RS LKENL, 7y 2 FET 90UV A 2 REF L2 b s WA B — R4 36
HTE TV 5T, REEDORVKETIE, ZbERICHZTZ L BNREgETH -
AREMER B D, UUEDZ &G, KRENOBIKEDT v 2 [l T, A OFREE HE
EHOREZSELEATLHERNTH Y, AAOMEAZEDHE D@ E L TRILCRER, &
1 L VGREE & OMICHBERMBRIRARBO bzt Ex b,

2:4-4. 7 V7V T REDOFEA L — R, M & poRE ORIMR

AIFFRETIE, KRB OBXRED 7 VTV o TJR{EIZHENT, FAE— R EKEED

A B2 EOFEBIBIR RO S — 5T, M L UORE ORIZITA Z 72 AH B REA%

19



TR bR -oTe (K 2-9,2-10). ZORERIE, 7 V7Y 7 FmEZBWTE, HA &

D HFEA B — ROSKHEREICR B LT D 2 L &4 5. [ 2-8 (R LIZRE%R
FF—=2X0, 7U7 07 REOFHA LY — FUGRE L, KifmPAAER 2> bR AT
THML T\, ZoZEnD, 7V T7 V7RI TEWVIKGEEZRBIET DKEIZE, @
WFHBAE— FEHINEE TV e B2 b5, HKE IR TRV KR 2 F8 #9257k
Fix, 707 TRl TR E e HEE ) 2 #8153 % three-peak stroke pattern”7358 &
b Z L £ T4 (Maglischo, 2003). AW TIE, Z O =>HDHEEH O —7
2, FIZZ VTV TREDEWFEHA L — RORHHIC K> TAE U AREEERH 5. HfAH
X, 707V T REAZE L TUN SRV, HIKEDZ VT U T RE T, FE
Ze AT 2 WNEERE R A X (S 7 RRE T oo ZEiED F1H), £V, $E EJm~0EhfE
MHERZHLD. LD 90°FHE TR LY, 173 45°fHETHRRE D Z L& HE 2
DL, HAOFEMEN 22.23°, FHERAN 9.25°THLH 7 V7 ) oV FHEE, HiiBI D
BEAFOHEEN /NS <, TOREE & OFRBIRIRANGED SR 7o e H D (R 2-
1).

LinLenis, 707V Z/mEOFHA L —F, A & ioREOBROMRIT, HE
\ZRDRENDD. 7T ) TREOFA L — F&lmix, 7VREeT Y o i
FOBEWMEEZ R L. (2-1). KoT, k&ERZ V7Y 7R CHERL TV DHEET
1%, hEaWeBZX NG, F£7z, FHOEE~Y MU, X #AOKwN, 2F0, KED
®%IGFIINZ, ZEEDSR, ©DF0, $HiE EHFFEIZENTHND (K 2:7). £oT, FHA
E— FREVIKEIEE, 7 U7 U 7Rl CTRE e ) 2384 L7 vt & 5 — 5 T,
A L IHEE ) BRIV S W AREMED B 5. LLED Z &0 D, RRENOBFRED I VT
U ZREIZENTE, SAOREILD S, @mWFHA Y — FOFHHN K& et /)&
BB L OEWRHEFEREIC I W TEHEREE 2 R L TW D ATREEN & 5.

2-5. /N

AWFZENL, AR 1 ICESWCTERE DT, Ty va, 7 U7V T REOTFHA
E— R, A L KEEORBRZHONCTHZ LA HE LT T2, ZORER, 7y
2 RO & 7 U7 ) T REOTFHEA B — RH3EV KRR I BE LT 2 ArREM:

20



PR SNE. Ko T, BRRENOFREDA bu—I BHOFHA L — MM, &
WIKIREEDFEFRICHBRT D £ B2 b D,

21



E3E BRABHITOHXKICRBIAZAVER, Fy=am Z2VT7Y v
TREOFHA L —F, M & pkEE DR

3-1. HiY

AMFZETIEL, WFZERE 2 IS WTIR RS N FTOBIKE DTV RE, 7y ¥ 2 /i, 7
U7V 7 REICRT D FBAE— R, i L iEEORREZHLNNIT 52 L HRYE
L7c. &RENTOHKEIZBWTS, RREHOHKE LIAKIZ, VR, 7y
JatE, 707 ) TR TG & & KGR ORI IEDOMBIBMR R B D &
IR A LT

3-2. ik

2 BEORIE & F— O RHEH THRARE N T OHKEDRIELITo 1. KRB TOHKE
1%, BREHOEKREEAT o124, BRENOEIKEDI0%D A L2EFHL, HHLEZ
A A LDESRLUNTIKk S L5 FRLz. 2L T, HHLIEZ A LADE5%LNTHKIT 723
FEAg e Lz, & RN TOBKEOT VR, 7y almbm, 77U 7Rk
DFHAE— R, A, FHRGEEL, 2 BERBEOMETIG L. £, St b
2ELFE CFEZ V.

3-3. fili

3-3-1. & J i DO ZEEL D)l L AE R 7

REFAREDRRENTOBERED A bu—r K, FNER, 7y vk 7Y
7V RmOFEEKEE L, VR, Ty valmim, 7 V7Y 7RO FHBA L —
R, A OPEE L FERAZRIOR L. (R 31D).

22



£ 31 : BREN O VawE, Py vakmm, 7V 7 VT
SR TH DAL EL D NIE & e W R 7=

FEME = EERE

b N = X

SR pK R (m/s) 1.38 + 0.11
VIS

SRR BE (m/s) 1.38 + 0.13

FHAL—F (m/s) 2.18 + 0.39

A (deg) 55.60 + 8.29
A=Y ]

SR B (m/s) 1.43 + 0.11

FIR R E— K (m/s) 271 + 0.30

A (deg) 61.60 + 17.69
2 V7V 7R

SRk R (m/s) 1.16 + 0.16

FEA L — K (m/s) 1.61 + 0.45

A (deg) 24.99 + 1231

3-3-2. ;e NG5 /1 T OBEVKE O IR O FHEOTBF, HE~2 hv

REBRGH 1 4 O E O IRIRIE LD FEBOPBSF & HE~Y AR LT (K 3
. FEBIE, A be—27 2K%ZE L TXEEOHMICEIEL Tz TVRERTPE T,
7 Wi EAOHIICEEL, FAVRERETIE, Z EEOHMICEELE. 7y o Bl
T, ZE¥EOKTANCEWEL, 7 U7V 7 TTiE, ZEED G IZETE L.

3-3-3. IR RES /1 T DOEIKE OANE DO FERORES, #HER2 kL

REFRRHE 1 4 OEIKE OACEH EOFH ORI & HER7 MERIR Lz (K 3
2) FEIE, A hr—22ffZ@ LT X #EOFMICEEL T\ FEIE, SRS
BT CTYBEDH HICEME L. D%, 7y ¥ ammiET, Y& ohmic@hiE
L7c. FEE, 2797V 7R CHRRNCEIEL Tz,

23



3-3-4. B KE )T OWEIKE OFIFER O T OUEF, WHE~X2 hu

AREBRGH 1 4 OUK E ORI _LOFEMOPBF & HE~Y PLERITR LT (K 3

3) FEL, FVRIERPET Z #EOFICENEL, Y #iEoFmICEELZ. £ LT,
TVREOKETIE, ZWIEOHMIEELTZ. 0%, FHIE, v =2 RHT Z s
OHFENIMZ, Y #AOHENZEWE L. 7 V7V o ZRmTiE, FEiL, Z #iEoKm
(ZENEL7Z.

31 : RARIH DD BT/ KRGS T OIKE DFEL O & HE~T L

X 3-2 : ED R IERKEE T OEKE O FEROHN & T kv

24



3-3 1 AT H M6 R RS T T O E OFHE OB & HE~ 7 v

3-3-3. I AZ ) F OBEIRE DIKHEDRRINT — 4

EET)F Ok X OUGEEE DIERS|F— 2 2R L (1 3-4). AFRAKLTH
STV REBIEE T, FEAEAICBIEL COARVRE D0, BIEEOREHE Lz,
BB T O E OWGHEET, 7V SIEEIEE %D D 7R E Iz AT T, R0
L7ztk, ZVRIAOKENST v ¥ a FEOFRICH/HT T, LMLz, 2ok, kil
Ex, 707 7 REC AN TR Lz,

3-3-4. KRBT F OEIKE DFHA L — RORFRI|T — &

RG] T OHKE DFEBA L — FORFRIIT =2 2R Le (X 3-4). mREIT
DEREDFHA L — NI, 7/VRHBRARIER ) S 7 /VREMEERIC T THEINL, 7y v
2 AR NT TR Lz, 20%, FBAE—RIE, 7V 7Y v 7 RERGEZD? O
7 VTV > 7R T Lz,

3-3-5. I KBE /1 F DK E O FHE O DR R YT — X

RS TOEKE ORAORERINT —2 2K LTz (K 3-4). HRREITFOEKE
O, TNAVREOFRIZHT TRELRY, Py a2 BEENIT ThaL otz

25



0%, WAE, 7y aREOFEEITNTTRELRY, 7 U7V 7 REEERIDT
ThaLlzot.

[ 34 : YRR, FHAE— R, W ORERY|F — %
D: FAEE @: Py afmm @: 7V 7Y R
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3-3-6. ;K551 T DTV IR DA AR & VKEE OFABARE MR

RRENTOTNVREOFERA L — K, M OFEIE & Pk E O BIBRER 2 IR
L7z (¥ 3-5,36). Z/VREODFERA L —F, M & PR E ORI EZ 7R HBERIR 1T
O bRl (X 3-5,3-6).

3-3-T. RARE ST DT v ¥ = Ry O A & DR EE OAH BB

KRB TOT ¥ 2 FHEOFHAE—F, M OFEE & FEuE EE OF B REMR 4 X
(R (M 35,36). 7y o fEOFEA L — R & PEEPKIERE ORI A B AR B BAR
FRO B o7c (X3-5). —J5 T, M & PRI O I B 7258y MEDOFHEI B
DR BT (X 3-6).

3-3-8. KRN TD 7 VT U TR DAAE & ok O BIBIR
RRENTO7 VT Y) o TREOFHAE— R, MG ONEE & PR OFHBIRIFR
ZNR LT (K 3-5,36). 7 U7 UL VIREOFHAL =, M & EE DRI
A EIARBEBRITERD b e o7 (X 8-5,3-6).
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35 KRB NTFTOTNVEE, Fyvalkm, 7977 Rimo
FHERA B — R & S poH E O HAh X
O:7NFEmE, @: Fyvam, @: 7V 7 V7 Em
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36 WREBNHTFTOTNVRE, Fyvalku, 7977 Rimo
I & SER KGR E DO HATX
O:7NFEmE, @: Fyvam, @: 7V 7 V7 Em
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3-4. Z52

3-4-1. ABFFED L7250 F

AWFZED BEE, BREBNTICB T 2HREDOT VR, 7y afma 2V 707
T OFHLOA L — R, A LRREDORREZHBNITHZ L ThoTe, EBRORFE,
HIKE DT 3 = JFji O &SGR ORI B R IEOMBEBRAGED bz, Lo
T, KRB TOWKEIZHBNT, @OV RS H0kE1E, FHAE— RBEL,
HANRRKEMEAMD B D &V OB, —EESFr SNz, RSN TR T HHKEDT
v ¥ a JRE O, EOUEGEEREICARNAERT 5 2 LR B TR o7,

3-4-2. BRI FOT)VREOFEHA E— K, M4 & UGRE OB

RIFFETIE, TRE TOEKRE DT VRHEIZEBNT, FHHAE— K LU0 L il
J§ L ORICAHELHBBRIZRD S To. ZORRIE, RKEHOSIKE & R,
KRGS FIZBW TS 7V DT A B — RROEH 23 SV OGRS I BRI 3R 5
L CWZRWATEEMEZ RET 5. kL, HEOHINIfE-> TA he— 27 BAEA L,
A ba—ZBEREINT 52— T, —HOFHRTNVRETHDH L E, MITOFHRY B
XY =R &V D HEE S H — U B LN T & S ST S (Didier et al., 2008).
ZDD, BHRENTIZBNTS, kEIE, 7VRHEHTRE RARDEIEZZ T TV L A6
P23 d % (Psycharakis & Coleman, 2024). FiRSITF—4 LV, HARE FOHEKE DT v
JRBEIZHT 2FHMA Y — RIE, BRENFM LR, REBARERS D OSBRI T T
mLcwiz. oL, PVEEHERIZIET 5 FROEE~Y MU, X #iaohm, oF
0, KEOBIFTIZT TR Y RIEDT M, ©F Y, KEOIMINZ HmWTWe (X3-2),
EoTC, HEEFAA~OIL, /hENWEBZEND. O XD R TEHOBEB ORI, &K
BHTIZENTH, PNVRE CEGTE LHEENDIREN THLZ LA LTVD. Bk
DL, BRENTOWKEZIZBNTY, FIVREILE G 2 B A
JRmEEWVD DY, WIS 7y Y RmZ T 7 2T 5 R Ch D RIREER B 5.
ARSI ERREITC, FEROREIE LN Z &1, HKE DT VR OMRED HLE
INTND Z L ERET 5.
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34-3. KRBT FOT v ¥ a REOFHA L — K, 4 & JGoRE ORI

AEFFETIE, BREN TOBKE DT v v 2 FEcB T, g LUk ORI A B2
FRVVEDOMBIBIRARD BV —H T, FEAE— N & EEORIZITA B2 HBRRIX
R bieholz (K 3-5,36). ZOFRIE, HRABHTICEBNTY, Py v a HihEcs
T 208 DTN EOHGEERFEICBI 5 LT\ D Z L AR T 5. X 3-4 ORERIIT — 4
LV, RRENTOEKZIZBNTS, KHE, FHAE—FR, AInThb 7y =
RETE =27 2R LT\, £oT, &RRENTIZBNTY, k&I v 2 HiTRE
IRHEE N ST D L TCUkBEAmHOTWDH EBZLND. —FHT, Py RmoTF
A B — K EUEE ORNICHBIBIRDNGED B o7 Z &1%, &R T CTHHRKRE )
LRERIZ, FHAE— FR—ED@mVKEIZIR L, EAZEN/NS <o T o nlREME %
ARLTWD. ZORER, FHAE— ROBOBKEHEDOZL L TR TEEZ B
D, —5T, M EUGEEORICROWIEOFBIRRGED B2 2 LI, @V ORI & %
BT H0EIZE, 7y a2 REICENT 90T A A HERF L Qo 2 & 2R d 5.
HARN Q0L THLNIDERKRE /2D, EDI2D, HAOEWIHEE DAL L TR AT
BEMENRHD. Loz Enb, KRB TFOT v v 2 /T, fORE IBHEETO
RESZELAL, fERE U TKEEOEVWEZALH LTS EEZZX NS, ZO/RAIE,
RRGENOHERE LB L TNDT2), HKEDOT v ¥ 2 mlils T 2 AHHEE, &
VKRR 2 HERFIR ThH 2 WRetEn b 5.

344 | RENTO7 V7TV T REOTFEHAE— K, 4 &R DORfR

AIFFETIE, BRBNTFICBTIEREDS VTV v 7 REOTFHHA E— R L O
ORI & ORIZ, AERMBEBRIERD bivkroT (K 8-5,3-6). Z OfERIT,
BREG I TOHREICBNT, 7 U7V T FEICEIT 2 FHAE— R LOIAD, K
HEOBEANEZRET D EERER & 3R> TORWAREEZ /RS 5. £ 31 0DEED,
BRBNTOMKED Y VT Y T REICEIT DAY —RIL, TAVREBLINT v v
= JRyii & PR U TRV M 7R U7z, HEE IR D 2 FICHpBI L Ciind2. LkoT, 7
U7V 7R CRESNLHEZL, TN RER IOy o mm & g LTS VAT
RRMENH L. — RIS, BRkSIIINVREEB IO Yy v o/l CEICHE N 2 #5125
“two-peak stroke pattern” %z /RIVKIETH DAY, EVIKHE 2 FET HkE TIL, b
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W2z TZ V7 U > 7 REIZEWT b HitE ) 2 157 5 “three-peak stroke pattern”7372
oD E STV D Maglischo, 2003). L2cL, AHFZEDORER T, KRS TFOEIK
FWZBWTC, 7 U7 ) U VREOFRHA L — R O &k & OMICBIEITERD 5
Nigmoiz. Xo7T, AEIIFOFKETIE, EiZ“wo-peak stroke pattern” CTHEME L
TWRMREMENE 2 b D, AAORRINECERT D L, RGN T2V TV 7
MR DA%, 7 V7 U T RERAER D DRI T T B L T LT

(B4 3-4). AWFIEITINT, EAIE, FEOERNY bV L FHOEERT ML D7 f
EERL WD, 2072, ZOFERIE, 7V 7V 7 REICEO TRHBOmNEE~R Y
K L CUATICITVIREETEME L T2 2 & 2T 5. LLEDZ Ennb, RS
TOBKEDZ V7 U ZRiETiE, AWl LMERWFEHA B — R TREHBIEEL
TWHT2, HEES OER LW I BLEOIE, EEREA~DOF 5N S WATEEED 5 5.

3-5. /M

ABFFEE, WFERRE 2 [ZEESWTRREN TOEREDOT N, Tyva, 7IT VT
RO FHA L — R, M L KEEORBRZIAONIT 22 2L LT T, ER
DFER, 7 3 = RO A D SO AGEE R AR BE LT D FIREMEDS "B Sz, Ko
T, WRBHTF TS v v 2 R CRERAAEZMERF L TA hr—27 %175 2 & TRV
BRI LTV D AR B 5.
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F4E RO

4-1. HHY
F 41 KRBT EFBREZ T )T OEIRE Opks i
BT BREN BRENTF T LR (%)
kR BE (m/s) 1.52 + 0.09 1.38 + 0.11 90.8

ABFFED I RS T F OEIKE OUKHFEL, FREF I DOEVKE DK 90%DUKIRE ThH > 7=
(F£ 4-1). 200m WPk X FEL OV, 50m Bt DK 90% T 5 (H AKpKERFH 72
BR). koT, AHFEOMERIL, 50m & 200m OFFKEFHEOEIEDE N i+ 5 =
L LMD AIFETIE, BIERRE 3 ISV TR RS ) L KBTI T OHKE D7 VIR,
Ty valEm, 7 U7V 7 REOUGREREICE D L FHA Y — R LA ETET 57
DOFMEER LT HZ A ANE L. 2 %, 3 BOMEND, K&, Tyial
[ CHA L FHAC—RZ, 7 U7 ) 7 RETHFRBAL— RE2iifd 5 2 & ThioEE%L
S ED & WO REZ LT,

4-2. Itk

2 ®, 3 BCHRLNEEKRE), B&RBNTOEREOT VERE, 7y akm, 7V
TV TIRROFEHA Y — R EMAEREOH D t EZ AT L. BH &2 W
T pfE% % L 7-(Benjamini & Hochberg, 1995). 72}3, False Discovery Rate (%, 0.05
LU, qfEDZ OfEZE TRl 72ME DB 2 A L. AEKEL, 5%L L.

4-3. fE 5L
4-3-1. g K51, T REE) T OISR E D% JSi OZES O SEfE, FEE R

KRBT e KRBT FOWKE DT IVER, 7y =@, 7 V7Y 7 o EuxiE
B, FEAE— R, HAONVHME L EERAEERIOR L (3 4-2).
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K42 RRET) « KRG OFLELDVHE & AR 22

BAEN mAEH T
FEE £ A T+ EYEEE Ml

A bu—72E
SRk IR B (m/s) 1.52 + 0.09 1.38 + 0.11 <0.001
VIR
S K BE (m/s) 1.54 + 0.09 1.38 + 0.13 0.001
FHAL— K (m/s) 2.69 + 0.25 2.18 + 0.39 <0.001
i (deg) 58.30 + 7.34 55.60 + 8.29 0.358
o a
SR (m/s) 1.61 + 0.10 1.43 + 0.11 <0.001
FHAE— R (m/s) 3.10 + 0.26 2.71 £ 0.30 0.001
A (deg) 63.83 + 8.36 61.60 + 17.69 0.283
27U 7Y 7R
Sk (m/s) 1.30 + 0.17 1.16 £+ 0.16 0.005
FHAE—F (m/s) 2.26 + 0.41 1.61 + 0.45 <0.001
iz (deg) 2223 + 9.25 2499 + 1231 0.493

4-3-2. g K551 T OBEVKE DA R O FE OB, WE~Z FL

RIS 1 4 ORKRENE L ORKREN FOBKE ORIKE, KV, nikEmE» o
TrT= FEROTBS L HRER Y Mk, RN B FER, BRI TEMHRE L CRITR L
(K 4-1,4-2,4-3). B REXT) EFRES ) FCRBOBBSDHER S MO & (TRE A
b L7ehoTz.
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4-1 : R B BTl RS T) » KRS T OFEBOBS & HWE~ Y b v

42 0 BB RTCRRET) « RS T OFEBOYS & HE~T L
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4-3 : WEATIT1A) 6 LTRSS 77 « | RE5 T F OFEE O & HE~T L

4-3-3. ;e KZ5 )1 F DU E DUKHREE DIRERYT — 4

KB5S & ®REE T T OEIKE OUGHEEDRERYT —# ZXICR Le (K 4-4). HFN
AKLUTHL 7V REBRME TIE, FHEITICEEL TORWREREOZO, FFEOX%R
W& Ul B REHERKET) FOSKE OUEHEE, &H 567 VRmBARERI D 7
JVIREFHRIZ2NT T, ORI L2k, 7V RIEORKENS 7y & 2 [ O FEEICHNT T,
RN LTz, 2O, RKREHNOSKE OVUGHEL, 7V 7 U v 7 Rl 0T T
DL, Z7IVT VT REERICNT THEM L., —5 T, R FOEKE OUGEE I,
70TV TRIETHEAD Lz, 12ERTORM TRRE D35 RS )T OUGERE % ElRl -
7-.

4-3-4. IR KRBT F OEHKE DOFHA L — RORERYIT — 4

R E KRB FOFKEDFHA L — FORRIIT —2 2R L (K 4-4).
KRB E BRI FOWEKRE DOFHAE— NiE, TVREBRAGE %A D 7V R i
DT THRIML, 7y = Bl Ol Lz, 20%, FHAL—RNE, 207
> T RERRMGEZR NS 7 U T ) T TREAEEIC T TN L7z, A& CTORFE TRARSS 1
KRB TOFHAL— R& LEES7-.
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4-3-5. Fe KEX )1 F O URE OFH DM DORERYNT — 4

RS ERE T T OBRE DA ORSRINT — 2 2R LT (K 4-4). BRE
LRGN T OWEKE DAL, FIVREOFHEIIT TREL 2D, 7y = FEanis
WF TN etz D%, HAIX, 7y 2 REOPRIZT TREL R, 707
U v 7 RIS T TS Ir o T,
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X 4-4 : KBS, KRBT OEKE OUGEE, FHAE— R, M ORRYIT — 4
@O : IFEm, @7y vafmm, @: 77V TR
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4-3-6. T RE ) & e KRS T O E OFEBA B — R D b

BRENERRENTOHFKED I NV RHE, vy, 7 V7V 7 RmoFEHA
V— REWE LT 72 5Rx Lz (K45). mRBINOFKREDOFEHAL— RIL, 2T
RECTRREBNTLD bAZEICEVEZ R LT (X 4-5).

4-3-7. | RE ) & e KRBT F DOV E OFHROD M D Erik

KRB ERRE N T OFKRED T NVIGE, 7y aFE, 777 REodfsz
W L7 T 7% Lz (M4-6). IREOEKE O, £TORE TRRET
LHBEENRBO NI -T2 (X 4-6).
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45 g RET) « B RE NI T O/KEO T )V Rm, 7 v =i,
7 U7V T REOFERA L — RO
@O : v, @7y rafmm, @: 7 V7Y
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X 4-6 : g K& ) « KRB II T OBKI O I)VIEH, 7 v = fHm,
7 V7Y 7RO O ik
@O : v, @7y rafmm, @: 7 V7Y
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4-4. EE

4-4-1. ABFIED FH 7255 F

AIFFENL, KRB EBRRENTOEKREOT VGE, 7y valEm, 720797
H OUGEERIEIZ D 2 FHA E— K LA ZHET 57200 HiEH LN T 52 8%
AL Uiz, FEBROFEE, RABHOHFKEDFHMA L — ML, £ TORE CRAEIT
DERE LY bABICREWMEZ R LT, —5T, BRBHERRENTOEKE OHFIC
X, 2 CORETHERENRBDbNRNoTe. LoT, HABNOEKEDFIHA L —
REMAE, RREHDLD bEWVEZ STV ) (e, SRS n. k&I, mK
BT LABREOHATHOVFRALY — RERET L LT, mUVKEREEZREL TS
LATREMED B 5.

4-4-2. Fe KRBT ) L B RBS ) F Ok E O, FHA B — ROL#g
RGN EIRRE T T OHKRE L LR, FAY— X, PVEm, Fyva
F, 707V TREOETICEWT, ZERFNOBRENRERENT LY bAEICH
VMETH-72 (K4-5). —H T, EAIE WTHOREIZEBNTH, ARRETZEDLI
2ot (X 4-6).
KRG OBFRE DT NVFIETIE, ARENTLYD b ARICENFIHBA L — FARHHS
nTWez, L, 2 \BEU 3 EOBEICBNT, BRABAIBLURAENTOWTH
ZRWTH, TVREOFHLA L — R EGHE L ORICAERMBBEBERITED bz
mofe. TOZEND, TNREIIET D FEAE— FOMANE, PGRE O AL EHE
HNCHUE S D R TITARWATRBE R SN D, —H T, R, A bue—7 HEOH
Mz k=T B35 2 &S ST 5 (Didier et al, 2008). = LT, A ho—7 S
D¥EINZL, FHAE— ROEMA > TERIND. DD, mKEEHRETITIZ
B L7TNVREOFHAE— FOEL, KEEFEL WS X0, X b —27BEOEND
Ze e U TN RTREMED 8 5
FovaRERBEIOZ YT U VREICENTS, RASNOWIKSIIRAEITLY
AEICEHOWTFHAL—RE/R L (K 45). 2EBLN3EOMEND, ZNLORED
BWFEE A B — FORHIT, KEEOBICES L WA aREER S 5. #HatE S, HE
D 2 F\HFILTHEINT 5. Lo T, MWFHALY— FOFHIE, K& it OMGIC
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ORMWBEBZZDND. 7 a—/VEMGE LIZATIIRIZBN TS, SBNFHAE— RO
FEHHIZ Ko CRERHEE N DR SN D Z & A ST 5 (Koga et al., 2022). HRSS
NOERETIE, 7 V7 V7 READOFHAE— RO AE NI T LY bEl, FHED%E

1359 1.0 m/s Th o7z (M 4-5). ZD7ET, HWED 2 RIHHIT 2HEHOBLEND, 7
U7V TREICR T HHEORERENEE T ST LR HDH. FEBRIZ, RS
JIOERE T, 7 V7V 7RI I CTUREREE 23 B OSN3~ A A3 A H vz o
ZxtL, BRBATTE, 707V I RE CTOUEREDEMMNE L A LB BILRD- Tz
(K 4-4). ZHHDORRND, BRENOERE TR, Ty vaRElslOr V7Y 7
BRICBOWTEWTFIA Y — RERETH Z LT, KEAHEDZBEL, @OiklE %
L TV D AR SR S5,

—5T, Y, BREERRE N TOERKEDNTNOFREIZB O THAERET
RO DI ZORERIT, KEDRIET DIKEEDORE SITHb b T, FEoM
Ao —EOFMIHRF LIEEA e —27 21T TW D AREM A RET 5. DFE D, &K
BNOBEKRETIE, HAZRESEIELDOTIIRLS, AR T L IRFRE DA %
FLICREBTREBAE—FE2m®O5Z I8 TC, MUWKHELREL WD EEZ BN
5.

4-5. /&

AR, WFFERE 3 IZHEADWTHRARE ) LR KRB TOHRI O VEGE, 7y
i, 7 V7Y 7R ORI D 5 FHA B — N &AM AT 5 7o O D g
AALNITHIEEANE L TTo 7, BROMR, "KREHERRGE N TOEKET
I, FHAY— RIZERD 7T, MHIENRBOBNRh oz, XoT, kEIL,
KRB TIOEKRE T, KRB TOHKRE & FREOMMAZHER L CaWFHA Y — N
BT H LT, MUVIKEHEAZREE L TWD Z LAVRIRS L.

4-6. WFFE DR

AR, BABKETERICEREIT -T2, 2554 © World Aquatics Score (3,
670.7 £ 91.7 Th-o7z. Zhid, HEKENSHEEKRESHE L~V /)T 5 Ruiz-
Navarro et al., 2023). Z D72, AMIEORETIE, MOMERIFER, Bifl LUl Otk
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FATEY T E S RWVATEEER S D, £z, A TIE, ¥ v 7 BEOREBLPRRL T
IR EDT2, WIKEIZRT 2 T O L PiGREE O BIfR A/ NI LD Al
BEMEREZ OND. LinLansh, T, HERCRbLEWHEENZRET 2 L mESh
TV A (Samson et al., 2017; Takagi et al., 2021). F7-, ¥y 7@i{E&2fEo> A bn—27 L%
> JWEEEDIRNA hr—7 OUGEEDOZE, 10-20%fE Th 5 & &3 TV % (Bucher
et al., 1975; Deschodt et al., 1999). X 5T, Fv 7 BIfERAMIEORRIZKIT LT ET
INENWEEZBND. AT, AWFETERSG LA, 1 A e —2 DB Tho727zw,
AWFFROMAIL, BRDA M —7|THEETERWARRMRH S, LrL, 7r—naxt
B L LT ATHIE T, ABFEERERIC 1 A bue—27 ZH]IERSE LT 5 (Koga et al.,
2020; Koga et al., 2022). LT, AWIETHLNTMAIL, BAeHA hr—2128B0T
bHEHTE L EEZOND.
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BEE fuaw
ABFFETIE, FEAEIKE OUGREEZ 5 % 5 588 % EB) PR 8T OFE RIZESWTH S
MZTHZEaAME L, ZORE, RO 3P LNIRT.
L RGN OERE T, @VIKEREORIICA b r—27 0@ WFEA B — NJgH
EREWVIADHER DI TH D T L HVRIE S LTz,
2. KRBT OBEKE T, @WIOREDOFRIZ T v 3 = JRi TORE VWA ORERF
WETHDH Z EPRBINT.
3. UKEL, WMARENOBEURE TIE, BREN TOFKE LRAREDIA THWFHAL
—FERETDHZ LT, BMUIKEEZFEEL TWD Z LAVRIR STz,

VL EORERNG, JWkE0T v aFl, 7 V7 U ITREICBITADFHHOAE—RKE
WAL, BWVIKEEREICEERL TWA -, A ha— 2% EOFMMoafEdE L, it
FLEED[A FIZDR N D 2 s STz,
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