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Effect of the individual sports experience

on optimal attentional strategy during motor tasks.

Takeshi Sakurado*
Risa Ishizaki**

Abstract

Focus of attention is a crucial factor for facilitating motor learning. We have recently identified that
directing attention to movement outcome (external focus; EF) did not always lead to better motor
performance compared with directing attention to body movement (internal focus; IF). However, it
remains unclear what forms the individual optimal attentional strategy. In this study, we aimed to
explore the individual sports experience as one of the influential factors characterizing the optimal
attentional strategy. Participants performed two different motor tasks: a visuomotor reaching task as a
simple motor task and a dart-throwing task as a practical motor task. Overall, approximately half of the
participants in each task showed better motor performance in the EF condition (EF-dominance),
whereas the remaining showed an opposite trend (IF-dominance). Taken together, the participants
showed significant consistency in the optimal attentional strategy between these tasks. Moreover, we
found that the individuals with IF-dominance showed significantly lower inter-trial variability than
those with EF-dominance under the IF condition in the dart-throwing task. Subsequently, the
participants were required to report an individual’s sports experience. Based on the reports, we found
that most of the individuals who showed inter-task consistency in the prior motor tasks had no
experience of multiple types of closed skill sports. Conversely, the others were experienced in mutiple
types of closed skill sports. These results suggest that motor performance in a practical task shows the
individual differences in optimal attention strategies and an optimal strategy can promote the
repeatability of body movements under static environments. In addition, it can be inferred that a
performer can apply the individual optimal attentional strategy to other motor tasks for facilitating
motor performance. Moreover, one of the important factors that shape the optimal strategy is an
individual’s sports experience. Our current findings could contribute to developing new tailor-made
training in practical fields optimized for individuals.
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1. [FL&HIZ

HEE T DRI R A et S D R D —
22 EEOMIT ) (focus of attention)] 7233 5
(Wulfet al., 1998), {EEOMIT L. HAEE~TE
Z[f)lF % internal focus (IF) & #MiERbE~EE A AT
% external focus (EF) (25517 HiL, EH S X 0 )
INT == 2 A0 R EARET B N OV TRRGRIED 2 &
ACTE T, ATt WL, IF L0 & EF Of%)
PEZ RIS 2y (Walf, 2013), fFilz0E, AF—0
AT v—LEWEEAT O SRV T, BICTEE A M)
52 EEBREINT-BIERE AFRD &7 T v b7
F—LOHEGEEZ AT D Z & BHUR SIS
B (EF B) LEEROMTHFICE L TUTb iR e S
720> Control BEOENEZ i LT-, ZOfREE, ##E
BRAGHFOFIHABPE CIE 3 BHED /R T p— AT TR
DO T b OO, MEKEIZBWO T EF B3
D 2BEL D BAFEIE VT =~V RAER LTS
ENHEIN TS (Wulf et al., 1998), ZD X 97
EF OAZMET, HE— R85 CTh 5 LS
NCRY., EEFRIGE L CERRAHA b e S
T35 (Wulfet al., 2001),

%< OWEH EF OFMEZ SR 5T, e
RLHEND & —E LAaWHE BIFET 5. 81203,
MMz 2Rt & LI FIRD AT v B ZFE Tl
EF SO EAHITERD BTy (Kal et al.,
2015), FIZRIOMFETIL, & — Y BRI )T
RANZ N—T71% EF OFCRIZ L - TL Y BUVER) X7
F— VADPTRENTZDITH L, FHES L—T T3
IZ IF R CHHFERHE SN TS (Emanuel
etal., 2008), X512, K VITHFEORETIL, o/
BOMTHIAMENZERHY, 7L EFIZL->T
X0 BUNEE ST p— L ANE) N D DTN D
EMFER SN TS, ZD X 9 RiEEREIEE AT
ATV E 2 NOFRABESRERFED B Do TN D & S,
TFIERA A — U EGEREADZ I3 LT EF
DENTHST=DITR L, WG EEN A A —03
EEREADZL K LTIL IF NERITHDHZ &N
RENTWS (Sakurada et al., 2016; 2017),

IOk, EEFOREEORITFICEAL UL I
NZIE@EAREZEOmIT )7L LT EF 2HEET 50Tl
72, e NOFFEZZRE L CEYNSER - Ford D
ZENHBETHLZ ENHLMNNIR Y S>OH 5L, L
L5, T b OFEEEHEANEZHE LT
ik, ERGERGHESE e & ER R D ER R SRR T DA
BEEN R ENTRY, AR—=YRUNEY F— g
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72 ETATOIVTND X5 7eiEEh 28V T HIE ANV
CHDOMeE, BGEIE L5 FCORRET 5
TNz, EBIT, 2O XS AfE NOTEETEIE)
ED LS BRERNT I > TR I D DINTHONTEA S
ME IFUTURLY,

2. B

AMFETIE, B EEN AR S5 OS2
BRIz, AR—YBTHEMSNDOEE L
TH—V BRI A xR & L, 50O R 5 iEEE
ZNFIUTKIT DEBORNT )7 LEB) T 4 —< A
DOEWREARRGET 5, S DIZ, ZOEEEEFRIZD
WTI, S TP CENE S V2T o r— Ml
DFEFRN G, ABADEER LTz AR— Y H LR IE
OEFHEMN Z K S T5 (Sakurada et al., 2016),
Z 2T, EADAR—Y RIS DA bR TE
fi L, EEHZIT DIEREEEATERT HEIR A 5
MZTHZ ExHE LT,

3. &

3.1. BMELIUEEIRE

EHMEEE 20 £ & RSB A F i LT, B
IXEEHFIETHY | AT CTERA L& — Y B
AL T, BB L E2BIEAEE LT, %25
T R R RS L O — Y PR A T o
7eDb, HHEOAR—VRIZEES 57 »/r— hola]
A S LT,

3.2. %8
3.2.1 LRREEESERRE

FheoE#I 27 1L v b (Wacom i,
PTK-1240/K0) (ZXVWEHAIL, 7 A7 LA EIZIEF
FeOBEZFHI L CEI h— Y VMR END, AA
75 LRI 3R i RO 72 b OB — % Z2 B 0 1+
7
SNENNTT 4 A7 VA BITPoRESDd A X — Mz
BN I/ UE F CHEAN T — Y NV E B 2 &
DERSINTZ, FFRITICBW L, U —F > 7@
OB E LT, AZEUSE~OIRBIGSD 5 NET +
AT VA EOFIERRIE MR S, TR
LT, TA AT VLA ZRRND b FOEE TEREE W
3D LEHR LT IF SFEE | WICFORE 1 TE%
BPNCT 4 AT VA LDOT— I NOBNE ODIEEE
M52 & EHUR LIz EF (42 REL, ZhEho
R FTe0 I T5:E L=, 607179 H, 1-10
#1TH% baseline phase, 11-50 ##{TH % learning



phase, 51-60 #1TH % wash-out phase & L7z,

Baseline phase 35 . () wash-out phase Ti&, Hif
(RS D T — Y )V OTEE J5TR) & FHeOEE 578
—E LT R Tl 21 TV, —J5 learning phase Tl
FHEOEB T ANI3 LT H— Y L oiEs) 7 A +45°
FIHR 5 i S H 72 R CiEE) 2 1T 5 visuomotor
rotation ZHNZ 72, BEAHTIT HIERyTE OREE %
Sl %728, wash-out phase (28T 2400 3 i
ITICHT B 72 LoEE) 7 RE7 (nitial direction
error: IDE) % after effect & L CHEH L7z, Z D=
[ZHSE | IF RV TE Y K& 7R after effect %
R UTeSNEE % TR BARE « EF SRRV TR Y K&
7¢ after effect 27~ LT=2# % EFE(AE S L TH%A

L7,

3.2.2 H—Vi%HERRE

T—arF vy 7F ¥ AT A (OptiTrack Y,
Prime13) % VT s KOROEWEZFHAIL 7=,
EERHAD - DS~ —HITFHE « F& - M - BB
FORDIEHZEY 7=,

SIRIT S —Y R— ROHLEI > TREET 5
O oR Uim, H3TICBW L, BEsEhEREAGD
A E LT, B~ OIS DT —Y R — N
D TIZRE L72 LED OpidiFERED RS s,
EERSAEL LT, A=Y R— R&E RN 5 b FOEhE
\DEBAEMT D Z &R LT IF ke, #ilcFo
& LEGRE IS — Y R — ROROEI AR 216
52 LEHR LT EF M aRE LT, 8% 17
a2y 7 & LT, 378y ZHIEESREE AIVERA,
127wy s GH9e ) EhalLlz, N7 4—< A
FHBOFREL LT, #—YAR— LB E—Y DR
DH S o AL E TOREEEA EBREZ (endpoint
error) & L CHHIH L=, ZoOfEEICHSE IF 440
BWTEY/E72 endpoint error %7~ L7-SN1E %
IF (it - EF S&FI2EWTE D /hE 7 endpoint
error %7~ LT- BN % EF AR S L CO¥E LT,
3.2.3 RAR—VIERRICEHI BT vir—

SBIEIC ZAVE TOERRER (AR—YFi L0
TREHFEIER) (2B 57 v — MR A S LT,
AT E L, B - RN - i L ~L - R
—= U JHEEE -1 HOWE R L—=2 R & LT,
FTAWIETIE, FATHIIE TR S T i H
CVEEIE EEAZOBRREA OGN ET D7D, FilT
or— NEAOD S LigifE e & OfE B AR RS
& LTz, AR— 72 EIZBWTUIRA 72 AV HLEE
EIRBD, TAUTHHFEE ORFEISE L TREL 29
T D ENTED, 1 DBIE, FRBREOHT

fallE CEWEA S5 Z ENEEE 2D/ u—X R
AFNTHD, ZOAXML, S 7 4 X7 27
— R PIENFHSR D AR— 1BV CTHRIOMEE L 7
%, 2 DRI BHICELT AEREOH TRIITG T
THV—ZERTHZENEBERLA—T AL
ThHd, ZOAFIME, Py h—RR Ty hAR—/L
72 EXEHHHR D AR —NZB W TRHILEZ 72 D &
W2 D, BlEMESNTT v r— hDREND, fHx A
DEBR L IZAR—Y % 7 00— X RAF)LAR—Y & A
— TV AFNVAR=INIAL, D ORKER LT FE
B AR LT,

4. HERRUEBE

4.1, 8
4.1.1 REFEIZH T A TEEIE

FRIEEREIC T B after effect ([ZEEDOWTES
IR OVEEMEE 24388 LT A5 3, TF EEORE 10 4 - EF
PEAIRE 10 20D,

—J5, X BHEEIZI51T 5 endpoint error (2%
DUNTEBNIE OVEZE 270588 U745 R, TF AR
74 « EF AR 13 4l GE 1),

4.1.2 B 5EEEEMICH T 5 FEEENLENE

EBNF ORI BT 5 N a3 L7
. 20 4 15 4473 MRESERER Z I Tl /s
DT HN—E LT, Zib 2 SOMBEICHT H1ER
BIEIZBI LT, 74 v v —DOEEHERRE (T 72
FERL, AR RERREES TR ST (p=0.029),
4.1.3 F—YUEREEICH T HEMEDIE S DOEF

N BAREEICEY () e~ —h O E T — 2 1k
DX BB ER OB EA LA R Uic, £,
B A ISR AT 7 o — X R A LR < BR
SNDLFHETH DT, BERBINMECRED AR L L
T BREIA BB 23U TRIDIX G > EITEH Lo,
ZOfER IF AR EF B~ IF 5
BT DFITRIOIES SE AR NS NI E A
Bk o7 (p=0.011, HHTIEME),

4.1. 4 A2 OFEHEILE & EEHEER

412 FiCIb~NI2 LB | BN 20 442G L Lz
RO & LTI, TR EC B 2 mhEs ]
DA ETRBREMEDTED DIV, D72 ehs b & i
BEZ BRI BUNES T 4 —~ U A Z R EE
S EDDLBNE BAHE LTz, &2 T T
%, ATRERH L7z 2 oo G E A —E
L7=fE (15 4) & Lk o7/E (5 4) 124500 7=
BT, IO OBHHICEIT A7 B — R RAX /L AR —
VEBIOA—T7 A )V AR OfERFE B 0 B
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# 1 BN OTEEEIE MR

Z)IH No. R ER) B Bl
1 EF EF
2 IF IF
3 EF EF
4 EF EF
5 IF IF
6 IF IF
7 IF IF
8 EF EF
9 EF EF
10 IF IF
11 EF EF
12 EF EF
13 EF EF
14 IF IF
15 EF EF
16 IF EF
17 IF EF
18 IF EF
19 IF EF
20 EF IF

DIENEIT LT, 7 4 > 3 — DIEHERIRE &
i L7fER, 7 v— X R AL AR—Y OFRRRE H L
DIHZ DEFEMEI A BRSO b (V7 r—X R
AF VAR p=0.058, A—T L AF)LAKR—
Y p=0.50), AT, —ERHET D20
%< 1E, H—D7 0 —X RAFJVAR—Y %85k LT
DR L, A—EBHACET 238 DL 1T, &
D7 o —X RAF )V AR—VERAAG LT,

4.2 B

G100 I Nab S b S 5T AN E =X i [ g el 2 Y - D=
I, BB EO D FEREFED A7 53 LU e
HECIGHE B BRI 4 2~ 5 Bl 3V VT B AFE
THZEMHLINERY | OIS ZSFFT 5
(Sakurada et al., 2016; 2017), 2 < DA THIZRIZE
T EF OFIWEIVRSIVTE 208, Fizixzofasht
ERFEFLRWIERIVREN TS Z L2 E 2T
(Emanuel et al., 2008; Kal et al., 2015), FRENAIZ
K5 IF IR\ GEE T 4 —~ o AT 5
ANb—EOEGTHIETH I L 2BETH LITEE
EWZ DA,

oI, —EANTH, EBEEA 2 % T
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FEEOT HITED BIRWATREED SV Z EAVRE
7oo O XD 2R EEEIENZ BT 2 AN E M o
MBS 2 FBAERE DR E 25 5L & LD ATREMEAS
HFob, ST T, MREEEA A — U0
BEREADLL 1T IF 2B TEl EE RS
bl B H5RkiRe (2 2Tl NE#f A —
D& EE ) MICBWTHSE L7 e & 1
T FHEOBI G SN D, DFED | MRERIZEN
T, WPRDFEREREEHRES ) 7 4 IAHEANZ &I
B0 | 2O GEDTREWERERE L L Gl 7 o
— VAR 52 Q0D EEZ DD,

K= PR Z 51T D B REI AT ORERD G |
TEANDFAE /R EE DT HEBRAT 52 DAY v b
LT, BERBINEAED D Z LIZES L, Zhuck
STRHIIIRT 7 B AL E L TCOEE T p—v A
A IR D Z L DVR ST, IERAFEIZ IV T
WE R EB ORI HERAT 5 2 Ll k> THEbLD
AUy MW T EEENfIGER & LRt S 41T
% (Wulf et al., 2001), EARAUTIE, EHIZREEOM
FHEAT 5 2 812k > T (&< DBE EF 28
THZEICE-0), EEEREORD (WUlf et al,
2001) « FEEHEEDOHE X DA E (McNevin et al.,
2003) * AFEEIEOJE) (Zachry et al., 2005) 72 XD
AUy MAMEBND &SN TS, ARFZEORETI L,
TERRSNTETA Y v MIINA T, SiE/eiF g om
FHICE S THRONDHT 2 A » RV RENTZ &0
25, 12121, TERDEBNHKIRRLE KE < Fp b i
& LT, BfEEEIMomM Fix, EF FCiiZR< IF FC
"/HoNDAY w NTHLHZ ENETOND, DFED,
AR S AV G EE A ZE O AB IS ER B
(HREER) T3 BEPNEEH (RIEEEER)
(T DR WEREDRE 722 S L CUND 2 & 2 ER
T5, LIehioT, AEERA LI —Y#d#o X 51
7 a—A RAF DR BRI D AR—V il
WL, LY —ORBARSREI BT D R A
BT DH L TR EERY ST v U ADEST
X5 LM END,

AT TR SRR BT D i ATk
TERT HERD—o L LT, fllx ADRR—VHER)S
BAE9 5 Z LAVRS IV, FRT, R LI AR—Fd
HITEERERTHY, 7 a—X RAXILAR—YH
BUNTA—T o AT )L ZR— Y OFEER TN OTEREh ]
0, 5 x 1 BEE 3T ST (Nurd et al., 2013) <°
EENIH (Wang et al., 2013) (2B DA 8%
BRTTZ b, AEER LIoEEE EEAZEZD
TERREIR & L CAR—YHEE BT 5 &\ ) fERIE



ZUTHAH Y, SHICAROMEREFELS AD L, 7R
M COMEEFEIED BT 2 ) DN IR LTz AR —
Y OREREIEATE LT, ZOREEN D, E50E B R
LTCUWRWSNIEEE, ZivE T2 2 mnlE U
HEEHIEO T CHIEEEZIT->TRY ., fHa ATRWTEE
\CAFER (8N EEORIT HBNERR ST S ]
REMES@EV Y, ZD72D, AT ToEERREEIC
BT HZDOEFERIEERIED T T/A7 4 —~ AN
mE ST LIRSS, —HEERER ORRZ AT 5
SNETERE 2 S THE RO 200 B2 5
BEOCER QW= EEZBND,

5 FEDH

AWFESIN LT A5 OB N7 4 —~ 2 AT
BRI DL, ERFEEORITHISLT LY EF L%
BN EER SN, UL T < FalriE s
TWAHHIR L —Ed % (Sakurada et al., 2016; 2017),
Alal, FREEEEEO L O 2 0EEEsER S LT LR
U BV 2B ECOMBED 72 63, 24—
AR W C b R EE A ZE R S Ve 2
b HEE ST v A ] EAE T A E A O
B BN XA R 72 & Ll 7 2 B REI A 5 3
BBV THEERER THD Z EAVRR SN, S
Bl —EARNTHIUL, EEINEZZ 2 T HIERHE
ER—BT DR SN2 & oSz, Lol
NG, Z ORESEMEI OV T 2 AOEED AR
— BRI AT H Z E b o7, DR
£, fEx DAR—VERBIT D IEEZES D2
& T, HHUCHRY T e AR—Y BRI C BT T L—Y
—INED L D IREBEOMT AR AT _RE D EETI
MWD 2 LB AREL 72D T LA EWT D, AHKIL
AR REERICEE U OB B2 ¢/ <, flx A
DB L~V B ERE LTz 9 2 CHERMEIE A T
HTA T—A—NRIig N b—=0 770 T AOWRES
BfEL W<,

(&3]

Emanuel M., Jarus T. & Bart O. (2008) Effect of focus
of attention and age on motor acquisition,
retention, and transfer: a randomized trial.
Physical Therapy, 88 (2): pp. 251-260.

Kal EC., van der Kamp J., Houdijk H., Groet E., van
Bennekom CA. & Scherder EJ. (2015) Stay
Focused! The effects of internal and external focus
of attention on movement automaticity in patients
with stroke. PLoS One, 10 (8): e0136917.

McNevin N., Shea H. & Wulf G. (2003) Increasing the
distance of an external focus of attention enhances
learning. Psychological Research, 67 (1): pp. 22-29.

Nuri L., Shadmehr A., Ghotbi N. & Attarbashi
Moghadam B. (2013) Reaction time and
anticipatory skill of athletes in open and closed
skill-dominated sport. European Journal of Sport
Science. 13 (5): pp. 431-436.

Sakurada T, Hirai M. & Watanabe E. (2016)
Optimization of motor learning attention-directing
strategy based on an individual’s motor imagery
ability. Experimental Brain Research, 234 (1): pp.
301-311.

Sakurada T., Nakajima T., Morita M., Hirai M. &
Watanabe E. (2017) Improved motor performance
In patients with acute stroke using the optimal
individual attentional strategy. Scientific Reports,
7: 40592.

Wang CH., Chang CC., Liang YM., Shih CM., Chiu
WS., Tseng P, Hung DL., Tzeng Od., Muggleton
NG. & Juan CH. (2013) Open vs. closed skill
sports and the modulation of inhibitory control.
PLoS One. 8 (2): €55773

Wulf G., Hob M. & Prinz W. (1998) Instructions for
motor learning: Differential effects of internal
versus external focus of attention. Journal of
Motor Behavior, 30 (2): pp. 169-179.

Wulf G., McNevin N. & Shea H. (2001) The
automaticity of complex motor skill learning as a
function of attentional focus. The Quarterly
journal of experimental psychology. A, Human
experimental psychology, 54 (4): pp. 1143-54.

Wulf G. (2013) Attentional focus and motor learning: a
review of 15 years. International review of sport
and exercise psychology, 6 (1): pp. 77-104.

Zachry T., Wulf G., Mercer J. & Bezodis N. (2005)
Increased movement accuracy and reduced EMG
activity as the result of adopting an external focus
of attention. Brain Research Bulletin, 67 (4): pp.
304-3009.

= ORI | A — Y BRI A S TRl L
DT

""". /| 2RR—VHE

SASAKAWA SPORTS FOUNDATION

2018 )| AR—yWep 239

.
Fan
]
i
7%

I - *ro

&

z

S E TOBRIO & — SN

S



