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ABSTRACT

The purpose of this study was to investigate the effects of different types of attentional focus(internal focus vs. external focus)
on the dart throwing mechanics. Seven expert dart throwing athletes were assigned to an internal focus group and other seven ath-
letes were assigned to an external focus group. Each group was asked to throw dart either under verbal instruction or without
instruction. During dart throwing, accuracy(radial error), consistency(bivariate variable error), dart velocity, acceleration, elbow
joint ROM, elbow joint angular velocity, EMD(electromechanical delay), iEMG of biceps brachii and triceps brachii, and CI(coac-
tivation index) were collected and analyzed. Nither instruction type nor instruction itself affected in accuracy and consistency.
However, in dart velocity and acceleration, there was an interaction between instruction and attentional focus types. Velocity and
acceleration increased in the internal condition, where as they decreased in the external condition. The ROM of elbow joint did
not affected by instruction and attention type. However, similar to dart velocity and acceleration, angular velocity increased in
internal focus group, while it decreased in external focus group. EMG showed no difference with any condition. In conclusion,

internal focus is better than external focus for dart throwing.
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o] shtolth. AEAZA A= deaA 7ol 8o &
A, ofBA afof TA], oJBA 2AE o & T
£ 7}=23Itk(Hodges & Franks, 2002).

A E(instructiony= Al AojZ] Amef A|ZHH A==
e F JoH, dojd AEE ste A5 A= F 7
o] Fo] 3 (attentional focus) AT AR = 9l
(Al-abood, Davids, & Bennett, 2001; Wu, Porter, &
Brown, 2012). A= W22 (intermal focus)@M4, 2|7}
Ao A AAe] BT FAY e 4lAe] EAg FEg
Azyele}al AASRE Zlo|thWulf, 2007). EXv &332
(external focus)@M, X7} AgeellA] 24 o 2
o] Tl FFaletal Ak ZlolthWulf, 2007).
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Q]XJZ-JQP WA F=e]e] Aol wjuj 2 of5 ZE|RE of

o] Ao e AT 7F HERe] e o B

—3— ole}& Tl HirEth o] F 7| YFHHl g

ATe FZ, 7, HEH], A= 5 Ay 7lsolA] olF

o] %T:]-(Porter, Ostrowski, Nolan, & Wu, 2010; Wulf

& Dufek, 2009; Wulf & Su, 2007; Zachry, Wulf, Mercer,
& Bezodis, 2005).

T A YT AGA o &40 HEH
25 HHeo] ¥ £ e AY7E? Wulf, McNevinZl Shea
(2001y= F 7FA¢] Constrained Action HypothesisE |
Atk A Al 7HdE 2 AAol| HFS ke AW
AFolE Aulsks Aol EFo|aL FEACE F4¢
k= Ao ol oAF Q1 Y-S v, o)A
zko] 2sAle] 8-S Wl githe A o|th(Wulf, 2007).
HA 7P 2] a3l HFE sk AEAFeE
gsh= Aol 49 AfsskE FX1giths Aol o3&
o)A Ao o WALl S T @ol o]&ste] -9
+AAE FAISRE A ovsiH, Ao R FEH e}

2 —{rl offt rulo

[‘

sl558S SPIAZIT(WUE, 2007). ©] § 71X 7pde
Be A7olx 2olx glow 9xFole] TEYL 41
she Ul 7P Fad Ao Bk

Beilock3} Carr (2001)2 &AL, H|GHEAL FEATE
A o A9 e S 28l 9 TR A
2 wgeinety ANk 2 A, AR )%
Agol o M3 FHES 71ekn JE AL 2 o}
sick. ol S48 el it ST S1eo] v
AERT 2 AN AR Mol MGHASE e
= 359 sk 2EsL fFols W, s#HAES
oldl 71%< FATel Yo} 2141l £1UL & AMgF
= 7_]—~§- i T Moj\]:]'

ohﬂ]—x—l oz oo /\],EPE__O_ Ex]—_g_ HH% 2}
< s A2 7EEASFeoF Al Azttt o %
A AAE SJHH R AofsiAl vEs ARWHEE A=
7 A 7F AuaL Azbel] B Aol glE Wk ofuEl &
Ao} 3= A oz Az o gITh(Wulf, 2007).
gt olEd Aol AY Efo] He A7 uek =
T BURle] AZIHY AL, oA AF7HA 04711}9}
2] BFAl T83 ARtelt). 2y o] &gl #gt
dratel AEola vETelel Rl Aole] Aol
TEE T e vAUSH A8E wdS sk A o
A, FHAZE e st 22 7Y AAte 46
Wz Fole} e]z|Fe]e] Aol HlaL AT

b 2 AeMe sdAE dde® wE Tl 9

420101] e gE dx)7] 28 9581 L5}
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°J QS ARksle] 2 AolE g st it
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I 94ttt
1. 917 CHARR}

e I A=) e e 3 o A P B o T R = it i
E YE A4 149 (Internal: 74, External: 78)S thide
2 A o5 AE A o ool Aol
< 42 AHo] glom Ay} #AHE WS =3 T4

o M3t} thidale] AMAAHHE <Table 1>3 7).

Table 1. Characteristics in each group (mean+SD)
Group Age(yrs) Height(m) Weight(kg)
I 33.3+4.0 1.8+0.1 75.9+11.4
E 34.143.0 1.8+0.1 80.3:21.4
2. A3 FH|

B A 3k FEREAES S8l 1001e] A& A
2H(Vicon MX-T10, T40; UK)E AR&-3I3Ith 2o ZHlE
£ Akt flsted 2die] A W 7](AMTI ORG-6,
USA)E ARESIem TE ©A)7] Al AR EE F8 25
o & 255 gls] S8t FAZHE 241 (Delsys
Trigno wireless EMG, USA)S ARE-3IA T £t e ©
7] FAE FB] S8t FAFAL] AZETERR]
HUAE, Korea)?t TFEREE ARgste] AX|stith
(Figure 1, 2). Plug in gait marker set2 AR&-3}312o ™
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Figure 1. Soft dart

Bull center

1.73m|

Throw line

I 2.43m S

Figure 2. Dart board set up
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Table 2. Instruction

Internal

External

a. Elbows parallel to the floor to take the starting position

b. Elbow, shoulder fixed during tack back
c. Gentle wrist movement during release

d. Stretch your arm towards the target point until hit the target

a. Connect the three points(eyes, darts, bulls eye) to take the
starting position

b. Imagine the curve during take back
c. Throw darts like a parabolic trajectory

d. Throw darts to the location according to the first aim point

TEe] £x9} 7IEEE A6} -‘?]'5}04 TEo|%= wkA}
Ho|ZZ Hasict, 94 A4Fe] A= (Sampling rate)
< 200 Hz, A|AE 7)o} %] 1]'5%’- TH Al MEHS
2400 Hz= 24813t}

AE A PAEA EE dA = A, 19, A
ol digt dve LAl stk ddAES Biceps
brachiig} tnce brachii?l EMGE H2kst 5 T £8-9
MVCE A3t 530] 2 H, dgaAES 397H-4
‘ﬂ/‘}”}ﬂ% Fakslal 7t A5S /\E Jsidch 2

o] dAES FAauges 7894 AT (1)et Eﬂ
FO(E) F ZFoE HATH —?‘d A= AAAR
< 9] ¢ tE dx7|E 3HA 7A1A vkEsT) ok
S0 2 RES 7 o B AAARN ue 33H
A 7A1de] ThES WA AAARRS <Table 2> 22Tt
o] AR 7t Alduict AlE wEEgloH, dAE
S AR ARS B s SAEUT.

P

rlo

4. Xtz £M

¥ AFEE Vicon Nexus (Version 1.7.1, Vicon,
UK) ¥ Matlab R2012a (Mathworks, USAYS ©]|-&35}]
BT 93 Hlolee 224 (residual  analysis)yS
olg3le] k4= 15 Hz2 43 5 Butterworth 43}
A5 e S ARSI tHFigure 3). B3 2HE AE
= zeroingZ} HIPFF 7G-S AXl The moving average
(window length: 50/2400 sec, overlap: 15/2400 sec)E A}

£33l MVCE %5331t

D 4 2
B AYollMs A - FFoA & v Mert HAA

AARE Hort @ 7R 78 9x)7] pre e A
Asle] A SR tH(Figure 4).
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Figure 3. Residual analysis

Figure 4. Throwing phase (left: take back, right: release)

2 243 5 tEZF 231 AR 7, 79 ARE Ak
SAA Attt A2 RS }(radlal error: RE)Z
AAFsIF o™, AL o] AT 71HH Q XH(bivariate variable
error: BVE)Z A4

HES] &= ©x)7] F7ko] e AlRldA HETL
THe SEE SIGlth B3 fES Ve 9R)7] 77k
qxe] Hojzte® st ThES] &Hxe) s A5
oA o] thES] Weet £x9] 3hs A TUA F3
- (central finite difference equation)S ©|-&3}] A
skt

A W ROMS ©A]7] 7k Alzka Eoflxje] 2
w2 A AR AL g 2eER] @Ee] 7}
S A S FYAF s AREsie A

719984 2 (electromechanical delay [EMD])- &
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Figure 5. Electromechanical delay calculation

2} 438 Al YERs= triceps brachii®lA19] EMG Al%9]
AN Eeex] A o] 41K B E (extension moment)

7F yehbs Al A2 Ateidth. EMGE] 7HAAIR

59 gAsh= IEMGE A=At

=52 FAIFE A9 (Muscle coactivation index: CIy=
?1117 | F7FllA triceps brachiiZ} F+520]7] W&ol th2-
3} 7ro] ALFelSd th(Kellis, Arabatzi, & Papadopoulos,
2003).

3
[ EMG,(n)ar
d x 100

[ [EMG,;+ EMG,,(t)dr

1

(F, EMG,,: biceps brachii®] A%, EMG,,;: triceps
brachii®] AIS, f—#: BA7] 77 Abole] A7)

5. 84 ®z2|

SPSS 18.0 (IBM USAYE AMgste] BAsn) 1%
W AT, oA Fe])eF AAARS] fFel] e Zfo]
= H|w3l7] 215k two way repeated measured ANOVAS:

AAER O Fo] FEL a=052 AU

. & n!

1. CHEO| X&tMT} AN

FHoiztel 20%= dol7hke AAe® SIIthLi & Baum,

o] ez AuAelAE AN §7

2004). WAES AL Dol g0l ERA QA ol T AAEa Fal thal FAe Tr% !
2 uHE AL 05 Hol7ke AIHCE silth(Figure 5).  ©7F YERHA] 24 TH(Table 3).
A=) 7] 7oA 2] biceps brachii®} triceps brachii®]
Table 3. Differences in accuracy, consistency, velocity, acceleration, ROM, angular velocity (mean+SD)
Instruction Instruc.t ion*
Internal External Sum (I+E) yes or o Attfentlonal
ocus
Accuracy No instruction 3.41+1.13 2.58+0.63 2.99+0.98 F(1)=228 F(1)=3.223
(cm) instruction 2.91+0.41 2.87+0.89 2.89+0.67 p=0641 p=098
Consistency No instruction 2.30+0.50 1.95+0.47 2.12+0.50 F(1)=.066 F(1)=2.411
(cm) instruction 2.13£0.30 2.07+0.36 2.10£0.32 p=802 p=146
Dart velocity No instruction 5.59+0.43 5.76+0.24 5.67+0.35 F(1)=1.774 F(1)=1.818
(m/s) instruction 5.62+0.42 5.65+0.20 5.63+0.32 p=208 p<05
Dart acceleration No instruction 86.13+2.73 90.79+7.82 88.46+6.12 F(1)=4.002  F(1)=11.205
(m/s?) instruction 86.88+3.97 87.8129.00 87.34+6.70 p=069 p=01
Elbow joint ROM No instruction 95.07+£10.05 96.7449.33 95.90+£9.36 F(1)=.702 F(1)=2.175
(deg) instruction 95.85+10.69 96.52+9.80 96.19+9.86 p=418 p=.166
Elbow joint angular No instruction ~ 1016.51+118.57 1009.81+135.68 1013.16+122.46  1)=3.998 F(1)=7.024
velocity (deg/s) instruction  1021.83£109.49  971.75£126.51  996.79+116.60 p=069 p<05
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Table 4. Differences in EMD, iEMG, CI (mean+SD)
Internal External Sum (I+E) I;Zgrgitjl%n A égﬁgggﬁf tr‘::cus
EMD (ms) N? instruf:tion 12.5043.48 13.734£2.06 13.11£2.82 H 1_):.086 F 1_):_3()2
instruction 12.26+2.69 13.80+2.28 13.03+2.53 p=T14 p=593
iEMG_biceps No instruction 0.87+0.38 0.66+0.49 0.76+0.44 F(1)=115 F(1)=353
(%MVC*s) instruction 0.86+0.33 0.67+0.51 0.77+0.42 p=740 p=564
iEMG _triceps No instruction 2.31+0.65 1.65+0.78 1.98+0.77 F(1)=1318 F(1)=1.091
(YMVC*s) instruction 2.31x0.72 1.540.69 1.93+0.78 p=273 p=317
CI %) No instruction 27.35+10.59 30.154+20.09 28.75+15.50 F(1)=1.579 F(1)=.681
instruction 27.6210.09 31.494+20.78 29.55+15.82 p=233 p=425
2. CtEQ| {2} JIEE o] &5 oM E FeAga FaAed sl A
o7 {5k xto]7} gIATHTable 4).
OES] &5 #4% A3 A ¢k 15 WH A
olof] FJo2g THTF YEFTHp=.031). WAF2 152 6. =% SA|ITS X|5(Coactivation Index: CI)
AXNARFS WroH thES] &Lyl Zrlsks whd, 9FF
o aFe ANE wow vhEd sk ase AFS 28 FAFE ASelNE AA R 1% el
uoltk thEe] JiEER v R 4eAg Edh g 2 4ges Fasl sl SAHR feld Aolg
B0 (p=006), ©I AL AT TS AAMNTS B FAT 5 UATKTable 4)
Of HES VI S7Fshe WM oA AE2 A
Ng o thEe] JikErt Padske 4% ekt v.= 9

(Table 3).
3. TEX| 2Eo| ROMI ZET

LA W ROME AN e A5 el bE 4
A el disll FAHE frelgt Zpol7t ek
WA ekt ey de] wde] ZEmos AAAL
&g ook Fey Aelell s aah YERkTh
(p=049). 122 WHFe] 252 AR o A4
ZAEE7E S7she W, oA aEe AAAERS
o ARt Aashs s UePdTK(Table 3).

=

7|95 XU (EMD)
Xdﬂ‘?nﬂiu—u A= AA frek FF el wE
|3 FaI| dief FAHCE FoF 2olE &

5. 22| EME(EMG)
Biceps brachii®] <& A== A 7 F5 B
O [e]

off mE Fsa-g 21}7494 Fadol disl FAHSE
o]%t zlol= Felst 4= QIItHTable 4). B=3F triceps brachii

2 A7 HE @A sdxE e WS
49} ejFFole] F 7] dod A FIUS W et
the 25, sl Wdles AuEA ofH M
ol § 8RS dohiizl stk o] AdelM gt
=7 A AR obF XAARME 4] 9L WA HE
£ WA ST, 7 theoR Zzke] HFels) 957
sle] AAARFE Fo] ANNGE 74 Q3ke Higte) 2
olg vl E43ksict.

2 AFlA HEoll M= F=3.223, p=.098% A|A|ofF-
o B Aol FANLR felahA Aagol et
AE AT WAT ANARRS e 5 gEAol
Folgon] 9)4F0] ANARE W Hole Yol U
AR Ze AT+ 93]

Schorer, Jaitner, Wollny, Fath®} Baker (2012)= THE
WAl o) vlg Fasit s thEE Wl
7 o) ZEAe) ARG 22)y] el Wk LR mep
R B} Bl SIS A E e el Bas

3 Az thEk o S B R v ke
e ek o A 2R S olRe 2% o
Eb R selAE, YR weAE e A48 Swvt
Foshthe S Qugch, & dpaie YaFelg A

92 o e SErt 2718k PEHe] Fohe
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H o o &
.
)
b
B>
o
R
Ko}
do

CE

== -
=o7] 913k AR Sxe 7R AR AlsE
A= 4?11::3— =o]7] flgk g o R dRE VEE
o] F7IE WREoX= A a3K(whip-like effect)’t UTH
(McNaughton, Timmann, Watts, & Hore, 2004; Putnam,
1993). & AFlX WHFOlE ARSS W TES] 7k
T7F SRR AT E ARSSIS W THES] TR
wrb ashs Zlo® vERd olsle AY anE Qs
o WAFIE AMgste] THES] 7KEE7) S716tS
TES &£w7p Ads] S7HEAL, HFIE AREst
THEE7E SRS W ThES] £% g TAETAL
AtsHTh
JJ'%Z] T ROME AA| 574 5 el & 4
528 Fagl] el SAFSE FoE ztol7t VA
%‘S&ttﬂ, ojFE AT Wl wet BA ¥ ROM2
zto|7b fldtke Add Ao At I gti(Lohse,
Sherwood, & Healy, 2010). 5% #de] &= UH
TFOlE ARESIS W S7lslal 9FFolE AMEalls
sk RS B o] Adke thES S5 UER
g 2 e AAE BT, o5l "R 771
*P‘% FEo|A] ThES} ofgfj o] o] RFo|thr} wEx|t
FEo ARk TREZ} el FolA]7] wiwol2tar Azt

£ AFo)|A+= Constrained Action Hypothesis, & &2}
o] Aol S AW & e ¥R H7|9shy
AAe FAST. AR FA AAE aadE &
= ‘—E-],,] /\]7:17q] X{L:_}\]Zl—)gjr :L%X—l 02\(; :":?}1_}\]21_)
2 7R g e, 2 5 254 245 EMDE 4
gt 4= ATHKim, Na, & Lee, 2001). EMD= 25| &
AstEl= Al Jlo] WAskE AR Atele] AIZE Afo]=
Al AFE tH(Grosset, Piscione, Lambertz, & Pérot, 2009).
2 AFeMe Zrjo el Hsie mE JeAE 1
ol FaHe] sl FAFSE Folgh ztol7t gl ©]
A= EMD7} A o2 259 54, 2553 713F,
T2 JFS AA W= wdolghs AadTe] Ao}
o 2] 3 th(Cavanagh & Komi, 1979; Marsh & Martin,
1995; Schenau, Boots, Degroot, Snackers, & Vanwoensel,
1992; Li & Baum, 20044 z]<1-8).

2] 7] F7f|A] biceps brachii®} triceps brachii Z}Z}2]
iIEMG 228]3L CIE 4% 43 7 ¥l 25 ZA] /-4
o} 5 ol WE e Fadel sl FAHL
2 g AolE 1T F ATk Lohse 5 (2010)9]
Ao A= biceps brachii®] iIEMGE % WHo| w=
SA1F <l 2o 7} AL tricepse] IEMGE 9114242 /\]—
E3IS W7 WAFOE AMSIAS WET o @

e ngrh £ CLE 74 95 P el FAF 2
o7} gigick, AN e EMGel BT MeASelA £
Hoz felat A2 2 gl olgle thE v

7] e Azbel UR #9b) dioleta Alsdt,

B Aot BA Q9 w3 YgT, 9459 5
G el 45 A AR Aole 47
7] T BAl HEE we Bgsiel AW e,
R e A8 ATl @ B AR, WA,
JHFolE B AYst] 1 A%E BASEET o]
& A7 AR AF Pel 9% 718 2L S
o B AToIAE WHTels} g HFole] A9 27w

= Agslel 271e] ¥F A2 AN wsh g

A A
WAFel, STl AelE ¥ & e O AU
HAZF Baste] 4] AEA] olgel thslel o st
of T & Sl We 2AekL ALY Wast Atk
5 ek,

_4

V. & =

H ARE= & 1449 Ux} dE AFE ez ot

E ?1117] HAE Tt T2t 91142-44 qs

s ARSIRE W Yehve 258 25984 W

S8 gRlskaL o ko] o f-83AE AR}

gk Zlo|th. tAFES ZH2E WA Foleh 9AF9] 5o

2 o] AR g wje} W] 8 W 747 TE

Ax71& Fasint. o] A¥o= & F e
23 7},

TES] A3t Aol AXAKE
o] W& Aszhg Ziﬁ-—* HERA] 2
Lof 7KERolM e e akgo] Yo
om &9 T S }'5‘}5’— 222
o 7V&EErt FHaske ATE JE }
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Ao ZHELolMe s akgol Yk U:] LHZ1
om Zk&Ewrt ZUkEly YA FoE wow ZkEny
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