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Abstract
6211100016-1 Hiroki HASHIMOTO

The kinematic and energetic analysis of driver shot in female professional golfers

Keywords : female professional golfer, driver shot, double pendulum, energy conversion efficiency

The purpose of this study was to investigate the characteristics of the golf swing
motion associated with the club head acceleration in driver shot and the energy
conversion efficiency between club head and ball at impact. The subjects were 6 female
professional golfers (41.4+7.4year, 163.6+3.4cm, 60.2+5.4kg, right-handed), 6 female
high skilled amateur golfers(47.8+5.2 year, 159.5+5.3cm, 51.5+5.5kg, average score
82.8+ 3.1, right-handed), 3 female low skilled amateur golfers(52.0+1.6 year,
162.1+1.4cm, 56.4+3.7kg, average score 82.8 3.1, right-handed). Each golfer was
instructed to hit their usual driver shot as straight as possible and performed 10 shots
with own driver. During the performing the driver shot, 3D coordinates of body and
club landmarks were obtained using the motion capture system with operating at 250
fps. High speed camera was used to measure the movement of club head and ball
before, at, and after impact. We found that headspeed and ball speed were significantly
between professional and amateur golfers. We also found that the energy in the club
head was mainly consisted of the transitional kinetic energy(99.6%), and the effect of
the rotational kinetic energy and potential energy were small. The maximal value of
the changing rate of head speed and wrist speed were significantly greater in
professional group (p<0.01), but that of elbow and shoulder were not significantly. In
professional group, the speed of wrist, elbow, and shoulder decreased rapidly after
achieving a peak. At impact, the energy conversion efficiency was significantly
different between professional and amateur golfers(p<0.01). It was suggested that the
head speed at impact could be accelerated for double pendulum theory by decelerating
joint speed. The results also suggested that the factor of the energy conversion
efficiency was different of the head speed. It is necessary for progress of the driver shot

performance to improve both the energy conversion efficiency and head speed.
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A — ROm EBRHIFTEL LEZ OND,
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FTAE F I uIdNT7—IlZBIID RI7A43—Y g v hOZXVF—EHBGHR

4.1 HH

HIETIE, XU VAL U ZIHBIT D7 T 7~y RONGRIZEET 5 F (KB D Re# A B
DM LT, FBAETIE, &RNITIE LT T T~y RRA 7 T, EORER—L
RNV X—FEIONDINICER L, A7 MZBIT D7 T T~y RNHAR—/b~D
TRV —ZHENRING . ZORHEEH LT DI L2 AL Lz,

4.2 FEEIE

WBRE I -7 0 INT 7 —6 4 (FEl 41.4+7.4 7%, B 163.6+3.4cm, KH 60.2+
5.4kg, FHT D)L LT ~F 27 INT 7 —6 L4 (FHh 47.8£5.2 1%, H K 159.5+5.3cm, 14
#H 51.5+5.5kg, ¥ A7 82.8+3.1, HIB)E LT,

FEERITENTITV, 3 A— MG OFTERR Yy FE2REL, GV 7O~y b & a8l
DT 4 =% L, FREICRTA =3y M8 31, #H2 7713, &8
PNEBAH LTS KT A =& L, R—UTEERE Ve, EBRENCH2ICHE 2 S8
T, BEICENASE TS 10 MO K74 13— 3 v hOREEITo 72, HRE~DOHER
E. FERIZTINVTH T ORO X S IZA M b— FAR— IV EFT O L ) TR %E LT,

77T~y ROZRVX—(F, F3EEFRRICT 77~y RICAED T Te~——7 5
A HEEB = R L —, [FEREE) =R LF — ffET XL —2ENENET L,

R—ILDZF L —ZONTIE, A AE— K A Z(MEMRECAM fkK5) & L .
AA TFEHHC, IEEN S A N7 OB Zfkss L. A—ATHH LER% & 0.001 B
BOWBNOR—NMNIEET LA XL, A 2737 NEHBOR—ILVOPEZFHRE L, LT
DALY WHhEB) KL F—Z KD T,
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32 e

A—LITHHLE#

K 4-1 A A= FUATIZL D

R—)L D e EE) = %L —
TE L nv?
=—mv
2
m: A—/VE&E (m =0.046[kgl)

v A—/L A — F[m/s]

TARNF =B RIL, A 237 MED T T T~y RO XD RIZBITHHR—
NOWHEEB =R F—DEIG LEFR LT, =RVF— D RIE, A "7 MDD Z
T~y ROZRVF NG, A 237 TRV EDOERIZE > T Licz=xL ¥
—& L L72(K 4-2),
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N FZava T4=yva

200 v

H

A

o
T

1

TR

Total Energy (J)
o
(@)

o]
o
T

1

<—Impact

0
0.5 0 0.5
Time (s)

X 4-2 A /87 RRiED Y T T~y RO )LF—24L,

PLFD X IR =DV EEFR = x V¥ —% 7 T T~y RO LFX =D& THRT5
L TR NIRRT,

R
() = — D IPEIT D g
7 T T~y ROZFALF D E()

4.3 R

FEBRFTECHE S TE— a T ¥ T F ¥ ENA A= R DA TEANT, EBRED N
FTANR—=vay N10EISEREL, ~y FAE—RER—NLAE— REROTFER, 7
RANT =T F 2T ANT 7 —DENENDORRITILLTORD L o7z, ~v
RA B — ROVEIE L ERE R AL, 7128 38.020.8[m/s] & 720, 7~F 2778 34.9+
1.0lm/s] & 72 o7z, R—/LA B — ROWPEIHE L TR AT, 7 223 50.3+-1.9[m/s] & 72 )
T~F 2T N 45.6+24[misl Lol ~y RAE—RER—LAE— ROl Tr L
T F a2 TG B ENRD Hi7z(p<0.01),
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F41 Foadnrryr—o~y RZAE— RF(m/s)

PH PM PN PI POK PMA
1 38.4 38.5 37.0 37.2 38.2 38.1
2 39.0 38.5 36.9 37.5 38.0 38.3
3 38.5 38.5 36.3 37.3 38.6 38.2
4 38.6 38.8 375 37.7 38.7 38.2
5 394 38.4 37.1 37.0 38.4 38.4
6 38.5 38.3 37.2 37.1 38.9 38.2
7 38.7 38.3 36.7 36.9 39.1 38.2
8 38.1 38.5 36.2 37.2 38.9 38.2
9 39.0 39.0 36.3 36.9 39.0 38.2
10 38.9 38.3 36.3 36.8 39.1 38.0
mean 38.7 38.5 36.7 37.1 38.7 38.2
sd 0.36 0.22 0.45 0.28 0.38 0.11
#42 T~FaTANT 7 =D~y RAE— R(m/s)
AS AKU AH AMU AM AK

1 35.7 32.9 34.7 35.0 35.7 35.9

2 36.2 33.3 34.8 34.1 35.8 36.4

3 36.1 334 34.7 33.9 35.8 36.1

4 36.1 32.8 34.8 34.1 35.1 36.2

5 36.1 33.7 35.2 35.2 34.5 36.2

6 35.6 33.7 34.8 35.0 34.6 354

7 35.5 33.5 34.8 34.2 34.6 36.0

8 35.9 33.1 35.0 34.7 34.5 36.8

9 354 334 35.2 35.5 34.1 36.6

10 35.7 32.8 35.1 34.1 35.0 35.6

mean 35.8 33.3 34.9 34.6 35.0 36.1
sd 0.30 0.34 0.20 0.57 0.64 0.41

FHIETHRARLLEBY ~y RAE—RET 0 T ~vF a7 THERENHD b=(™
3-11)(p<0.01), F7z. FEEDFIHIE & EHER D> & A BRI R ER 2 B & 5 /% T
ROIFER, 7r230.79+0.33[%], T~F 2T N 1.17E0.48[%] L7 0 Tt T~F 2T
DN EZEDRD bT2(p<0.05), LLEDHERNG, 72T 10HO KT A /3= 3 v b
IZBNTAy RAE—= RBHWCE 20053, 150N T~vF a7 L/hEnz &

oo,
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#£4-3 o7y —0R— /LA — R(m/s)

PM PI POK PMA
1 50.7 48.3 49.0 476 48.9 50.9
2 52.7 52.0 48.1 47.7 50.4 50.4
3 50.9 51.8 48.3 48.5 49.1 52.1
4 52.3 53.0 43.9 48.2 49.8 51.6
5 53.4 51.2 495 49.1 50.5 51.9
6 50.4 52.8 499 48.5 50.4 52.2
7 53.2 52.4 48.6 479 49.7 52.4
8 52.0 51.7 48.3 49.0 49.5 52.1
9 53.9 52.8 48.4 48.4 49.1 51.5
10 52.2 51.6 48.0 48.8 49.9 52.1
mean 52.1 51.8 48.2 48.4 49.7 51.7
sd 1.20 1.37 1.63 0.51 0.57 0.63
F44 TvFaTIANT 7 —DOR—/LAE— R(mls)
AKU AMU AM AK
1 494 41.8 47.9 42.2 46.4 45.6
2 48.1 422 448 43.1 45.7 43.1
3 47.7 41.6 474 446 46.2 46.3
4 49.1 41.3 46.8 45.3 46.6 45.3
5 48.7 42.2 47.9 475 453 444
6 48.5 41.3 479 46.1 44 4 42.0
7 47.8 43.0 49.1 46.0 46.2 46.8
8 48.1 43.1 48.8 45.3 425 46.8
9 48.3 42.4 47.4 43.1 45.5 474
10 49.0 42.2 48.0 44.3 45.3 45.2
mean 48.5 421 47.6 44.8 45.4 45.3
sd 0.57 0.63 1.19 1.63 1.21 1.73
60 - .
o)
= 50 -
£
ro 40 A
glj 30 -
§ 20 -
=
f,_}l_/’ 10 -
O .
Pro Ama *55<0.05

4-3 A=A — ROk
R—/LAE = RIZONTh, Fu b7 ~F 27 THERENRD b (X 4-3)(p<0.05),
Fo. FREOEBREIL, 7723 1.96£0.96[%] & 700 T~ F 2T ) 2.55+1.08[%] & e
272(p=0.22), LA EOFERMND, R— L AE— RIZOWTH 7 1L 10 BD KT A /N— 3

35



v MZBFDIELENT~F 27 LV/PNSWMHARH D Z ENHALNE /2o T,
Ny RAE— RER—IVAE— RIZOWTHBIZLL IO X 9127 o 7=,

60 -
my~
55 | W7H y = 1.5619x - 9.0046
R* = 0.7594

50

45 -

40 -

A—IL A — K [m/s]

35 A

30 T T T T 1
30 32 34 36 38 40

~v RZE— K [m/s]

B 4-4 ~y RAE— R ER—/LAE— ROHEH

~y RAE— RER—ILAE— RIEEOEOHBERBENRH D |~y RAE— RAEN
ANFER—NAE— L EL b EmzER L,

Tl TR A 8T Mtk 0.5 DT T T Ny ROZRLF—Z{UILK 3.8 12
RLTZEBYTHY, FIETHRARZL A 7 MEHEICBIT D7 77~y RO X%
SR — AT =R L =23 99%LL E& HH TN D720, ZRAF =D T~y R A
E— OB THY, A=V EDBEIZLVEIETEIINDI D THD, A /37 MNER]
DY T T~y ROZFNAFX—IE, 7R 146.156.8[J1&720, 7~F 27 H 126.3=+
1051 &7 o7z, Fo, A 237 MEKIZ, 702 70.3£5.7[J1& 7220 7 ~F 278 55.3
+81JE e oTe, AN RTCOTRANT 77— T ~vF a7 ANT 7 —DTRLF—

Wb EE, RN OlfEEER =~ L X—X, LFDO Lo T,
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A—ILDAETRILF—()

4-5 T ANT 7 — DT F VXD R L R — L DI ET L F—

TaDA R NIBITDHY 7T~y ROZFAX =R T, 81.4+7.2[JITH Y,
RV OIFHEEB) = % VX —1%, 58.2+4.5[J] &L 720l FTo, ZNENOFLIME & AEHE
RN AR E RDTAER, =X =D RN 8.1+ 1.7[%] L7220 | R—L Ot
BT L X 3.9+1.9[%] L 7o,
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=
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H
b
# 40
S
Y
'l“ 20
q%
0
AMU

X 4-6 7 ~F 2T OTFAF—RD Rk E RO T F X —
TvF 2T DALY MZBTFHY 77~y ROTRLX g &iE, 73.129.3[J]T
BHY ., R—LOWHER T R LX—1%, 47.9+50J] L 70o70, £, TRENOLEER
BaRDIFER, R X RO RN 10.0£9.3[%], R—/LOIFHEES T KL F—73 5.0
+21[%l L0, ThERT LT ~F a7 L OMICHERENED 5 7-(p<0.05), *
7o, Tal 7T aTMEETY 7T ORI L0 R — L Ol EEE) T R L X —
DFMW, IESOE NS VETHEBEL W, e e 7 <F 270 10 [0 F /L ¥—
EHNROFERITILLT O X S 1278 o72,

38



#45 TulTvF 2T OFRNF—LHLHF(%)

Pro
PH PM PN PI POK PMA

1 69.5 55.4 73.1 56.3 73.2 78.8

2 78.6 67.8 67.4 53.2 66.9 76.4

3 79.4 64.5 76.5 71.3 72.6 72.2

4 79.0 68.1 53.5 65.9 73.1 64.0

5 77.7 72.6 75.8 69.3 76.1 68.6

6 77.9 85.1 71.7 70.2 70.2 74.9

7 73.0 80.0 63.3 74.7 76.2 77.4

8 82.7 77.4 73.7 63.7 78.1 77.2

9 74.4 75.5 76.0 65.3 70.1 74.2

10 65.1 76.1 71.1 73.3 68.7 79.6

mean 75.7 72.2 70.2 66.3 72.5 74.3
sd 5.3 8.5 7.2 7.1 3.6 49

Amateur
AS AKU AH AMU AM AK

1 74.2 58.1 81.7 47.8 80.8 75.1

2 594 59.6 52.1 42.5 82.7 66.9

3 59.9 51.7 70.8 63.5 71.0 78.3

4 73.0 54.3 61.9 63.8 83.2 89.6

5 70.4 61.8 75.3 70.8 58.3 741

6 74.0 61.8 63.4 55.5 58.2 60.0

7 71.4 59.7 82.5 63.0 79.1 68.1

8 63.7 57.1 76.4 496 54.1 76.2

9 68.8 56.0 68.0 65.5 57.9 78.0

10 77.2 63.7 72.9 55.1 71.7 67.4

mean 69.2 58.4 70.5 57.7 69.7 73.4
sd 6.2 3.7 9.4 9.0 11.6 8.2

70O —EHNRIT 71.956.8[%] £ 720 T~ F 2T DT RILF—EHhRIL
66.51-10.1[%] & 72 o 7=, BEREOMEIL, 70 23 8.5+2.7[%] TT7 ~F = 7 73 12.0+4.0[%]
L7220 TIAX—EPHRICEL T, 7 7T~y ROTI LR BLR—L 0N
L= LR, 7B DIE DX AN SO AR LT (p=0.18),

Ta LT T 2T DR AT o TR R A UL ISR,
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X 4-7 FudNTy—OT VX LR

47 T=F 2T INT 7 —DITF)IX LR

##p<0.01

Pro Ama

4-8 0L T DRI O L
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7 DAV —LHE(T1.956.8[%]) & T~ F 2 T DI AL F LM E(66.5+
10.1[9%]) & DEICAEAE(P<0.0D2G0 Hivfe, =¥ —ZHB=ICBHL TE, ~v R
AE= RIEERES QBTGNS T0, A 2737 MBI 2 =3 F—DREICE L
THLTRET T aT TEDOEPS DL ZEBPHLNE ST,

WIZERF =R L~y FRAE— R L OBHRIZONT, 2T @R n=6, #Ek
10 [BD 2 2L TSR
100 -
90 -
80 -
70 -
60 -

50 A

TRV WS R [%]

40 -

30 T T T T 1
30 32 34 36 38 40

~v FZ2— Rlm/s]

4-9 TRNX—EHGIRE A~y FAE—F

UL EDOFERING, INT DA 287 MBI 5 =RV —BWNHEIT A~y RAE— R
R 40~90[%] & K& RRZFFHOZ ERH LN L2072,

IalE, TxF 2T L0~y RAE— RAE LS, TRAX—EBHEOITH O b/ S
Moic, FEIMBHIIT HEDOHGRICBWTRR DM A R L, 7 aid, TR
o Toinsy RAE— R e R B =B AN 2 m a2~ L, ~y RAE
— ROESOBNCED LT, =X —BHNECITEVMELZ R L T\ e, —H 7 ~F
2TV E Ny FAE— RO E & HICm R F—EHNRN TR > TV, ZOFERND
RIANX—= gy MZBWTZEDNRT 3 —< U A @O H7=DIiE, X7 AAL 7T
A~y RAE—=RZH LTA 37 REIZ 51200 T, 437 MIBIT 2= LF
— BN R mO DM E I~y RAE— RO EEZTHIENRMETHDLZ NG
meieoi,
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4.4 H5

B AFETIX, A7 MRTRIZBIT D7 77~y RER—/VOEjE Z = XX —FH#]
HINBIRRTT D Z & T 7 T 7~y RINBAR— /L ~D TR )L X —B WSR2 5 M Lz,
TORF, TaINT 7= FT T 2T INT =L HRT, Ny RAE—RREL, &
BICTZ R —EHNRE L EVMEEZ TR L. A 237 MFICR— ML O3 X —% {5
ZONTNDLZERA LN E o], TRIFF TV AL THIZ~y RAE—RELTY
T T~y RIZEWERAF—2EZ 57200 Tl 42737 MZBWTH = RLF—4
NREBD DHEM A>T D Z LAV E T,

TF 2T I~y RAE— RBREINT 51220 T, = b F—2Hh= 350 LT LE
FHEANR B, FriF A~y RAE— R &R 3L —ZE RN 7T 28RS
Nz ZOZEMNE, IATONRT 53— L ATBN TR AR —BHNRE L S
Ny RAE— REEDLIEMBLIEL 0D Z ENRBEIND,

TR —BHNRIT, ~y RAE— REIFZBRLH LT p—~ U ADIIEL 72 5
TEBRBZ BN, FTZ R EEHRIIL, Hax RREERAH Y, A 237 DY
T DLER Y T 7~y ROFEEAIZL > TERAF—=DERONTNWLZ ENEXLNS, £
OUZ S, TRAF—a ZADFERIE, ¥ 7 PO LR RLHRIZ L D3/ F— DRI,
7T 7~y ROT = — R &R —/L & DEEERIZ L DB R — JUNTIEH D231 %
7 NOBRZHEEONDEZRINFT— B L TWDH EEIBND, 4N A=
AT HEmD B LA — U U CIIIRERER T TR D A D = R L F— 23R LT,
ZHUTIA P L= b AR=AZFT D LN D FERITKH L TV IEMEICHBLTE Iengd o 2 &
AAREICLTWD LB BND, R—/VOFREKGMAMAMEL Z & T, R— L OB
AWAEL, R=VOEBTRLFX—H/NSLRDTDTHD, T rFERO I 7I2HB0
Ta—RZLo>T7=— FR—VE#A D)L R —R—(Eln ) &2 fngid 52 L
MARETH Y, AEIOA M L— FR—LE WS FRAZIEMICHH L2 &b, =¥ —
BHHRNENMEE R LEBHO 12 LTEZLND, TXTOEBELEE L LT,
KBFFE TR O Iz = R F—ZEWRhRIT L 7 DA 237 MBI DA 7R B ORI
FRTOHLZENTRRINTZ, LML, ZRLF—EHHEORE SIZHDL T~y KX
E— ROVh ST IUE, mRORIEEHIG Sz, RIA4 35— 3 v hOREEREL
T, Eboh—HTIER<, ~y FAE—=FHA L& & bR F—ZHEhROMm
ELEETHD Z ENRB I N,
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HEE AR

5.1 L 7udnry—ofHE

AW TIE, LFANT 7 —IZBF L7 R T ~F a7 Ol EITo7, K7L
T7—=DRIA =gy FORIERHE, —RERE T~ F 27 AT 7 =T %
LWVWONTWD, KRB TIIH D LEALNDD, [AHFEORIE A5 72DITIE, 7
T TNy RAFEROTZ XN F =2 B LB R TIRL W I+ a7 77—k,
RERHEIENPOENWE RN X —ZELHT L EFRICLTEY, XU AL T
DY T T~y RONMEIN FARSEA OB & BEE RN, KFTnINT 7—DFY
VAL TWOER, EN EFEO#BIE S, ZEHIRY FEENIR-o TR, £ ORI
BRI G L I ol T~ F a7 AN T 7 —IFR LT, ~y A — N EFIZBIT 8L
WEIRLZTS S Z E N TE 2, AFRICE > THRbNE L+ r LT 7 —D~y RAE—
RiE88.0£0.8[m/s] & 720, ZHETOLTT 1 IANT 7 =IO TOHFEORE R (Horan
et al. 2010, Brown J et al 2011) & 1FUTITEL L 7B CRIZEOFRER L 720 . ZIUTH RO L1
TaINT 7 —O LAV REBEINC SR LAV E TES TR Y (K04 £ 7= 8l
TDZEFR N D EE 2 L,

5.2 X ULVAAL LT DHIKEME

ARIFFROFERINS A 3T FED~y RAE— RE @ 57202, LD, FiE DO
HWANETHY , ZEHIRY FEHOFHANEETH L Z ENHLNERST, ZTHETD
WRETIE, FU AL TOBRD, FEDa Yy 7 DORHRIERL, ~y RAE— R LD
DT Ay T DEA I TR EBRFEmM I, WURY 7 BTN DB B 0O E )
ZEELTWHRNEDORED - 7253 (Milburn PD. 1982, Pickering W. M., Vicker G. T.
1999), AMFEIZLY, T~FT 2T DAL L ZIZBNWTT r LR LIZEZ A, ~y RX
E— RIZEFEOREDOEELEZ LNLN, MOBIRIZ L DB RENT LHVRE S
Nico ZOFRERNSG, WK > 7 FT7 NV ERBET HEICIE, AR E LI ZEHIRY 11F
BZOWTHBERDNENDH D Z ENRBINTZ, ~y RAE— RO 5 HME L otko
T AT 7 —k HNTAL T O EIT > 1205812 L % & (Zheng N et al. 2008), F
HOMRE LI HOAFEIZONT S, BUHEOTPFEICEWEZ R L THDH Z L3
WEHESINTWD, DED, ~y FAE— FOIEITIT S FE~ONRR I E > 7= &
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20SJ%22%5BAuthor%5D

RY HEFHOFHANEETHLZENEZLND, ZOMEENLLH, ~v RAE— KA Lk
BT AKX T AL THORMOEWEIZOWNTER LTV LR H A 2 ERRIE X1
0o £ LT, B2 HIRY HEEBORERA2FIHN Y 77~y KA — RONEEIZ

DIRND T ENREE T,

5.3 A1 RU hDT LR LR

KIFGETIE, XU AL L THOFRE 7 Z T~y ROEE)NHGEV A~y RAE— %
BDDOEEEZHLMNCT D EHIT, 4237 P TOZFNAF—ZEHHRICER L TE
Toe TR RIT, A 237 FTOR—NVOYTZHMENPEELTND 2 ENE
ZoNb, EBIZT v T T aT7DRIAN—vay NEREKFRANONA A — R
AT HERHNWTA Ry Mg LIZEBRN G, 7u b7~ TI 777 2 —ZADFLINED
BB SR DT-FER, T~ F 2 TIEHPL b RE S FEN DI - (), 7 rids 7
TNy ROT7 2 —RA% 9% L7 vy Z7HICBWWT, 1 ZEAENRB2 T 37 LT
BY, 777~y Feary bo—)L LIEMICTOMHEICS TH 2 LT, =L F—2ZH#i1%)
PrEMOTNDLEZEZDBND, ETA T NIBITFDLI T T~y R, 7773 % 7 b,
FIROEEE TR N X —BNRIEE T 52 B2 bD, A3 NEEDT =— 2
HOREE, R—VOROH LTI E L H X 5720, FIL LAY TWTHR
H AR L CTN il = F—EHR bHDT 5 L EZX 6D, £ T7

~y RDT7 =— A & R—VOEFTHIC—ETIE R, 777~y FOEBNZ L >TH

oo

I

AR—VOROH LOFENIENT D, 7T T 72— ARMNTWD R E T T T~y RH
BEh+ 2 h MR, REBAM &~ LT EZ XN BN ENRLEHRDLEEZD
b, 7773% 7 MIBEALTH, A7 hDOLED LR OB L > THOEDY
FWNEIRDZENEBEZOND, LTV AL L THOY TT v 7 NI 1 EAAL V7 Ol
FHEERFFENZ LR, A 237 RTIELRODBRESTWNDHZ EBRH LN ERSTED
(Nesbit SM, McGinnis R. 2010) , L2V ODRKEZET ¥ 7 OS2 EDRHEIZ L - T
kT 5, FILAAL L TDAE—=RIZL->TH 7 T 7~y Richb b0 InZE kL, L
BROICEEE R D ENBEZADBND, LBRVDRESICE ST v TN r TT~y
NE COBEMBERHIZCT D720, ~y RAE—=ROIXLOENA X7 NOBED Y T 7

~y NOMCEITE L, =30 X —ZLHhaIC bR BN S PTRENED R STz,
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5.4 INTAA T OFELE

AHFFE CIIABEREIC 10 [BD KT A =Tz v hETHOETEY, MUIELOFTO
BHMEICOWTOBRET 22 ENTET, FUAAL L THOT T T~y R, i, IRED
W25, ZOIE 5 DX 23l L7258 Tld(Horan SA et al 2011), ¥ 7 A A v Vit
TIEZ 77~y FRBOWMBNIIES DA, A 237 FTIERNe D Z e hiEST
W5, AFFRICENTS, TNENORERITIEIA A 7 DIXHL DX TR LN HD, HMAD
10RO KT A /8= 2y hTERERELSSIFIRAONRN-Tz, LinL, TulT~<F
27 TUEBL D& R AR A g LIS T, ~y RAE— R R— L AE— R,
TARNF—BHGNEOT R TUTBNTT RV NSVMEZRLTEY ., TrOAA 7IZH
F5E ORI, 7T 2T7I2BW T, A V7 28ET L0, B
DAL L TINEDRREDINT p—~ U AERLTNDINEMY | & L DAL 7 Dl
WEBRET HZ LN FETATEDICNETH D Z NI N, T aD L) ITEWEE
WEG LI RIANN—2ay NEaBAHIiIlid, @Y IRLEE 2T~y RAE— K&
FX LR S O ERVETH D EEZ NS,
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