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ABSTRACT

Focus of Attention and Quiet Eye (QE) of the affecting variables on aiming
task performance in recent decades have always been interesting for
psychologist and sport science researchers. The purpose of this study was
to investigate the effectiveness of attention instructions on gaze behavior
and accuracy of dart throwing of novice in low and high task load. In a
semi-experimental design with repeated measurements, participant
performed dart throwing under three attentional condition (internal,
external and control) in two different task load (low and high). Result
showed the external focus in high load task improved accuracy of dart
throwing than internal focus; in the event that, for low load task there was
no significant difference between the attentional conditions. Also, for QE
none of attention, load task and their interaction effects was not
significant. Results of research for performance supported the
constrained action hypothesis; and in contrast to the conscious processing
hypothesis. Also the result of gaze behavior suggests several interesting
areas for future research.
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7. Inhibition Hypothesis
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9. Modified supra-postural control task
10 .Natural Features

11 .Sagittal Plane

12 .Synchronization

13 .Pupil Player

https://jrsm.khu.ac.ir/
6



1219,
plomil oo 3l Aty ls Blde 534S AS S 1 3 T 5lacals 5 58 8 5 DS oS 8 Ol )
Jordlp s 5 3L 53 05 oty Sb L T i ST OBIS oS58 bl s s sl ls Db IS
Lol e ol Sl B oS iSO Ll s oS s s wsls ol ans S 5 e 5
e Do el o o 3 eslizal 3y50 el g isls bl S5 5 S5 (J 2SSl
355 ke 5 R3S A B 5 38 I OBAS IS 8 s 53 gl S 5 A8 le skl (FYA)
C33 S L ls by B as s s Sl 1 bl s 3l e 2313 SpesT b L
bl s 5 Ol s S g S e Jedl s Gan ax s Ll s 48 Ssls pl b s pll
sl i o3 Joedd osls " ols amio G 4 S0l Sla e S5 S8 feddlsie s Som s

.Ma;laﬁjw\)wsbjf@a
b3l e o |y bl 3 J xS CadSS ol en jls O CadSO e i gasT 5 0l s iS4l 5
Cls Db ST 53 a S A s Sesl Sl et S Ll b an 3 il bl Ss e s ass oJ RS
S 535 550 " Janlly s s kg Tl 5 oS sl s ol 33 S 1 el 3
o313 " ol dmbs S 0 yls 3l s (S, S 05 " ol sin s S ar s dal il 2ol s
sl o8 s s j\d«.:ja\Sw\JSSA.ng S esls JQJSM\)}LAJM}?@A}QJJZSLJJJ« 35S
plomil 1 oS Ol CadSS e 5303 DL ST il s a5 sty el 1 3L L ST e 5 S L ST
a8 o3 S bl 5o el OBS oS 0 4 IS SIS s s 58 5 S eSS sl s Lol
Al 5l S Ll el 1) Sasm s s Sl a Y e s & e g5l Olan oy ny
Ay ghs b sy ol x5 gl &S 5 g5 2 S Lo lld b e e g 5 Jendlpstes OB SIS 5 (25 S
o o 5l el S5 03V 8 ool g 5 sl Jnll s i e n IS 6 sl S ol 3,5 S
Lol slasl 5 bk s cols Kogesl Qa5 oyp o a (S Sledlbl Olojer o 5 Syl b, i S

S Joadly sty 55 0l cpl 53 &S A esls Sl pal i3 Y 55 lal 5 e n 5 a0 Sk s s S e

14 .Familiarization
15 .Counterbalance

16 .Latin Square

https://jrsm.khu.ac.ir/
7



5 b A Lal L;“\fi)'\f\.)sjﬁﬁe,\.i sl sla LS sllad o et el Cmn 5 &l g

Aosls rlqd\;u)\; b VA w@bji@\ﬁﬁﬁb@)yﬂjl&ﬁtj@»ﬁ By s ST ST B

b7 g
Olns Sl (SaSl, (axls 5 (nKke) (5550 Satld 5 besls (i 5 (cbails sl oo 55 L1 5
L S ool miss 025 b (blazal (ise 53 ad eslinal calos Ll 5 55 caloes Jgltr 5 Lols el e 5 5
ar g Jale sty o 5l b a3 o 5 4 (6l 238 1B ey g0 Sy ot 055
L laesls Jowi a3 eslieul b Jole (555 5,80 65 o310 L (L3 5 o8) dSS L L3 (G «(So03 «J2S)
ploil YoV d S ExCel 11 e 5l Wajls sl 5 dohr e 5 5 V1 253 SPSS @bl LIl e 3l esli

W flqd O=+/+0 (5 l> sxe cla.ﬂ).s ol Sllas aJs s S

e l™]

uUﬂCJ‘)L@ﬁJJ(T L}g‘;)kﬁgﬂ}j(\ J&Z)&Sf.)ﬁa&bfp Jﬂpbdﬁ.bﬁ‘)).k& UL.:\\)L’J;AS)jJa.»M
sl Sz B o ST ol 5 i ol 4 56 (ST (655 68 o3Il 65 on 5 38 15 bl anse ol
Jj.vo.—\..ldw‘;d.:.lgj)l.»

QJ\J uu‘):\ .J)SJAQ

8
1 5
o4
C" WS S b

Jb) )LI
9
4l OsS

>lij}r5;i:l§v“)l{;>ﬁag-jojil5hi|ﬁ¢\>ﬁQ)\:gtﬁ;ﬁw.\ Js

https://jrsm.khu.ac.ir/
8



O L iy
700
600
4. 500
2
9
X 400
3 200 ) Rl
100
0
502
a5 oS

}LJJVSU.JSJ)L’}}))@};Qf&b‘ﬁp}gg_))‘.)ubjusl‘w QUJUMYJKM

J‘J';u—""JJf S48 &%)}ﬁuujﬂji_ﬂobw—w‘bLbeb‘bé_)};dbydx:.b&A‘}J“i @Lb&l;ﬁ}dﬂﬁ‘.lb‘).}

(P>0.05) wsly o Jlo b scal oy gla e313 w35 313 0L O i a5 3 8

<ols ;.;UJ;T);&SL.«V.:;;);J&L‘.&J;.(JJ;;S‘JUJ; (S ) Aa-jJY'JA(:L_.)"VS);é.:Jﬁ)l{Y dk,abuwjl.l)ljtj:bd@t.} N Jdad

ooy OV T YY Y oy

Y o \An% N ) s s Slas

YA Y £ YY Y eSS 5y el

ot a\i V8V YY Y oy

Y YV A 1 \ S )
Sk

T " Y/ YY Y eSS 5y el

https://jrsm.khu.ac.ir/
9



S5 5 s Jeol S sl ol s Shee sl (P20.05) st ge s S 53 L ele Suibols s
w5 SIS g Sl it ke Sl e |l e ST 5 a5 Sl s A L el s s
S ¢ 3,5 53 CISS 5 am g Jhalas 3003 ls e a4 a5 L () Jadn) 355 s s helad 5 CildSG
AL Gy s 5 05050 5 (2580553 ills Mo 0551 53 Sl eslinal b ols ine b Las b il

238 13 s 550 3L Lk 5 oSOL IS s 5 05 sl

ol 5 W IS L a5 53 s s O 5 Shae e s Bl 0 Sl o S 0508 lils oo 0peT gl Y Jsr

- o F &35 a3 FEON ol
Aol -
YR (s PRy S ks gylie
S5 L s a5 056
+/04 AR Y YY Y
oub > Shes
A /ey ¥/ar Yy Y W eSS 5L s a8 05

0la 5 (P0/025) WT Laws L 5 S (6,8 o3Il b uibsly Mo gl m=w (P>0.05) x50 s s 550
Jsd) 550 ol ame YU 5L ST 50 1 La\c.af..})\:‘j:mrsjl{;i:lﬁki\ﬁ 03 a5 088 ol Jlas sl
sl 03,51 ¥ J,.\z,;oigus%gﬁnw_w\wﬁﬁ&@oyj,-\ Lyl s gl sl 0 (gl (Y

sl

Vo S 5L 53 e 55 Larl b Sls Sl Ds Sl S kS Osa5] S Y Jsdr

S5 e il M| () Lty () Ll o
Fafey Ay S s
Jxs
+/0Y AN SO
o/ Al PERER S A g

L;)ls@u)jkqdﬁj@jﬂszhilﬁjsﬁ;\jé|45;\:()&\(@;&9&5)\.3)5@},&}{%3&&}01@&
e.,\.huhﬂé)‘b&:u@)w JJSAS)L;’JJCJ&)S.E{"FWL;U cm‘ég))b&jsh._"fi Mw;éﬂ;bﬁqﬁ

https://jrsm.khu.ac.ir/
10



ol s VU ST L s a5l (sl sl O (sl armen T 0 03T il £ Jsr

SIls e Sl DM () <idsS L () S L U

Vo —v/*A p® o=k Jds
SV —+/AL YL o=t R
OV Y e ol IR

a5 Jaul o W ST 5L )3 a5 53 3131 S 5l 0L (PSO/016) W fas b e b 05031 el
SO L e IS s Sam ey sl bl aca b opls OU 5 65 i s Shae ul 2SS L s S)s

L dodr) Clll s L;J‘J‘_;'MQ)L&.}' u,:a_L;}VL’
S5 4 g ey

Dl ST Ol 53 3 e Sl Sy 35 a5 05 S e s e b gy s
1056 ST ol e s SO VU ST L Ll 5 s G a5 01 3151 oS 55 O 51 S s sy
Jbill s o Sl s 5l e Sa0s a5 L analie 5o e a3 ol U s Sles GBS o pe (B
6345 SR AL edyd (I3 e DB S5 5 Sum ar s 058 S e (GOl QU o) al IS
2Ll (Y) s g iy llse S0 a5 4 o S a5 ol e3ls QLG 4z 55 05 w53 Slalas |
O 3l g am g b1y ols by 5 Shas 5 J5l8 il 530S 2SS L Ll 0 0 iy Sl O
OOan 5 5 58 (Yrrd) Sopige s Ol K05 (Yoo Y) 0L 5 SO b Slidss F LS e Ol ar g
sy s sl 50 (YY) g abasl ol o3 (F=YE Y sy 5 van (Y00 0) 0L 5 gy 5 (Y0OY)
sy 038 S5 Wl a3l OLES |y a5 05 s il a8 Sl g 51 g adl Sl 3l s |, el
Sl (S50 a5 & Cad Gy ax 55 058 SIVL AT L 5o ol ST L Ll s S Ll L(Y)
Cosgdome s a6l (ST 5L Coa |l a8 5505 5y gl b il sl 3l opls OU s S (6l (6 i
S |l il 5 sy n el S owiad gls Osesl s 4l (YEXV) 352 o Cims ax 55 5 (S albl> >
gl h o |l ClSS e o B e S ar P Sl i Jles Suod 4 g S o 45l S
O 3551 s Ol (FV) A3l o ST (23l 5 5 (IS el (6 SIS0 s w0 S s ST s G
IS sk 4 A e dlesl S e ) il JL B 5 G 3 S S 4 Sl S0 4 s

https://jrsm.khu.ac.ir/
11



et (Y8) Kpd o oS > Al pa J 28 5 BCIRR «Sa ool esliial W @ Saus a5 gl el smes
2 Gam sl it Cald VU IS L s G e s Bl s s Ll el pde LSl G s
g amd B L ala 53 5 (T)) sadons oo b3 Sl g b as 8 (0l S 05 oy SO L
Jo a5l ST L Ll 0 5 s a5 bl 0 o Ll spdons fes s b el oy (YY) Ll s
GLkta L3515 b 5 it Ll L(Y)) Wley Slsiel Olimean b Jas 5 55 sl b oDl 85l 2yl
or g il 5 5s a3 o sd dlesl S 0t 5 450 ST B LS L oS el 5 s a8 il 50 ok
w ol s el war g LUY) 0l e 5 i s Ses 8 S ST Ll o 4 s S500 5 S
S il S LS 5 4 sl SYL LS L Bl pd s s a5 ls el s Ay s

.JJJ‘JJ’ZSf :Jﬁ&é\ﬁ

Tt S o S il L gs 3 s e Ll ol SUa ol e s gy SAs (e
0 by DMl s b rmen 35l re olel S Sl ol Jelad 5 cdSS L w5 ol plis
Dot 55 lad e (Sl ol 5 Vb ey b L ols Sl e s Shee Al esls OLLS (S 5 s Shes
2 RS e oS i a5 53 esliul 3550 SASOLI 5 das o 5 S SMBI 551 £ oS Ll esls L
S8 es  She el 0555 O35 il LS e oS (FA) S L osline )lge sl ) dlise sla ST el
sy ol 5o Llesls OLAS Sl i e)ss ) a5 058 OIS S e Slides F o (TA) S ol 051,
A esls OLES (YY) Ggys a5 s OSL_.AV_&%-Q_&\)[SL:(Y'\) S a8l ces 5 SYb OSbw o—ix
A S0l SO Cmge S50 am s a5 LS ke 6ok s Bl coles L (TVE) OS5 (e 2 DS
e 3 S o e Sl iz s S S e s p e S (TV) 058 o S 45 & S
s S5 Y5k Sl e 0533 0y BB AL esls QLS ki Dlades s 2,5 Colem golask 4l b sla
I (Y0) 35ls LI s Sdas b (She ot 5 SV sk o) 53 0050 5131 sl (o pa s 5 A1 (e 5l 3
53 HOLL 3ps ) OF (63 Shae (sl v o S 51 Coeal 3 Shas (1 S i 6553 g5 &6 39
OGSl iz gy OLL 5 g a8 Wi S algly (Yoo ) 0L 5 5,505 (7 F4) W)ls Sl s Shas L bLS |

sl QLA (YY) O 5 cpe o S Lol L(80) 558 5 Y b Sl e 4 S 5 Ses 5 g e IS

17 .Onset
18 .Offset

https://jrsm.khu.ac.ir/
12



() i bt s 50 BLL b aeslin 53 5 e e oS el Sae Sl GV5b Sl i 050 sk
28 (6 e OIS 6 Al g Sl 5 GV UL e oS Sl e (Sl ir S 0 oS e
Sy 5 SVsb oSl i sl ol 0LiS Sl ki LIS bl 5 (T918) OLlSan 5 o SIS 505
L5 o oI5k ad B aS d 5 o i A ey Sups ax s kil l s el ol Bl s Ll e s Sles
e 5 fTV) das QLS (g sl 4y el ale sl 31 s 2l 1) (S o 5 Shes S ol 093 i

s ale 13 oj\&\pfél}&bﬁxﬁjﬁuﬁ};l}l)gof

ol el o T Sligis 3 45 54 ola Cusie SIS oo des i Slides Ales 5 ek ol
2ol s a3k s Sldie de wlllee S Olge w0 ) Gl ot a5 k5o ey s
a5 3l b s e 350 als a5 081 e el s s Sl p3Y o] Dliios
5 b ) ;ﬂ;’;lncl;ﬂj(&ibjﬂj‘))b);ﬂ;ﬁmt}_wbj Lile S sle LS plus Sl S Gl S
Sl e Sl 5 Gros S5 sl a3 4 S s cal A e a5 Ol 4 (ST 4 bl
o S en 5 e il a3 Sl i ae (OLL 5 g8 ) SOl w4 a8 0SS o]

28 B e s

e 3 G5 Bl 2t (6,855 5L Lyl 2 35Sl O 51 Sl o b Gaiss 3l o b= IS (6,8 4
Ghte Dbl Ol oo cpl pls 553 oo i 331 oS s e 35 Com g S m a5 058 31 oS >
u.]a:;u:Lgl.aa.g..q-l)d’-:yﬂo.-jj6&1.@61.@&“)\)‘91..«;45\)\6&)% oy s &l OIS 55 5 Ols e 4

19 .Onset
20 .Offset

https://jrsm.khu.ac.ir/
13



&b

1. Mann DT, Williams AM, Ward P, Janelle CM. Perceptual-cognitive expertise in sport: A meta-analysis.
Journal of Sport and Exercise Psychology. 2007 Aug 1;29(4):457-78.

2. Wulf G. Attentional focus and motor learning: a review of 15 years. International Review of sport and
Exercise psychology. 2013 Sep 1;6(1):77-104.

3. Lohse KR, Sherwood DE, Healy AF. How changing the focus of attention affects performance,
kinematics, and electromyography in dart throwing. Human Movement Science. 2010 Aug 1;29(4):542-55.

4. Saemi, E., Abdoli, B., Farsi, A., & Sanjari, M. The Effect of Differential Attentional Focus Strategies on
Accuracy of Free Throw in Novice Basketball Throwers: The Role of Visual Information. Journal of Sport
Psychology Studies. (2016). 4(14): 112-99. (in Persian)

5. Zachry T, Wulf G, Mercer J, Bezodis N. Increased movement accuracy and reduced EMG activity as the
result of adopting an external focus of attention. Brain research bulletin. 2005 Oct 30;67(4):304-9.

6. Chiviacowsky S, Wulf G, Wally R. An external focus of attention enhances balance learning in older
adults. Gait & posture. 2010 Oct 1;32(4):572-5.

7. Bell JJ, Hardy J. Effects of attentional focus on skilled performance in golf. Journal of Applied Sport
Psychology. 2009 May 6;21(2):163-77.

8. Wulf G, Dufek JS, Lozano L, Pettigrew C. Increased jump height and reduced EMG activity with an
external focus. Human movement science. 2010 Jun 1;29(3):440-8.

9. Wulf G, Zachry T, Granados C, Dufek JS. Increases in jump-and-reach height through an external focus
of attention. International Journal of Sports Science & Coaching. 2007 Sep;2(3):275-84.

10. Radlo, S. J., Steinberg, G. M., Singer, R. N., Barba, D. A., & Melnikov, A. The influence of an
attentional focus strategy on alpha brain wave activity, heart rate and dart-throwing
performance. International Journal of Sport Psychology. (2002). 33(2), 205-217.

11. Lohse KR, Sherwood DE. Thinking about muscles: The neuromuscular effects of attentional focus on
accuracy and fatigue. Acta psychologica. 2012 Jul 1;140(3):236-45.

12. Lohse KR, Sherwood DE, Healy AF. Neuromuscular effects of shifting the focus of attention in a simple
force production task. Journal of Motor Behavior. 2011 Feb 28;43(2):173-84.

13. Asadi A, Farsi A, Abdoli B, Saemi E, Porter JM. Directing Attention Externally and Self-Controlled
Practice Have Similar Effects on Motor Skill Performance. Journal of Motor Learning and Development.
2019 Apr 1;7(1):141-51.

14. Vickers JN. The quiet eye: Origins, controversies, and future directions. Kinesiology Review. 2016 Apr
20;5(2):119-28.

15. Vickers JN. Perception, cognition, and decision training: The quiet eye in action. Human Kinetics; 2007.

https://jrsm.khu.ac.ir/
14



16. Vine SJ, Moore LJ, Wilson MR. Quiet eye training: The acquisition, refinement and resilient
performance of targeting skills. European journal of sport science. 2014 Jan 1;14(supl):S235-42.

17. Williams AM, Singer RN, Frehlich SG. Quiet eye duration, expertise, and task complexity in near and
far aiming tasks. Journal of Motor Behavior. 2002 Jun 1;34(2):197-207.

18. Wilson MR, Pearcy RC. Visuomotor control of straight and breaking golf putts. Perceptual and Motor
Skills. 2009 Oct;109(2):555-62.

19. Moore LJ, Vine SJ, Cooke A, Ring C, Wilson MR. Quiet eye training expedites motor learning and aids
performance under heightened anxiety: The roles of response programming and external attention.
Psychophysiology. 2012 Jul;49(7):1005-15.

20. Vine SJ, Wilson MR. The influence of quiet eye training and pressure on attention and visuo-motor
control. Acta psychologica. 2011 Mar 1;136(3):340-6.

21. Wulf G, McNevin N, Shea CH. The automaticity of complex motor skill learning as a function of
attentional focus. The Quarterly Journal of Experimental Psychology Section A. 2001 Nov;54(4):1143-54.

22. Maxwell JP, Masters RS. External versus internal focus instructions: Is the learner paying attention?
International Journal of Applied Sports Sciences. 2002 Dec 1;14(2):70-88.

23. Maxwell JP, Masters RS, Eves FF. From novice to no know-how: A longitudinal study of implicit motor
learning. Journal of sports sciences. 2000 Jan 1;18(2):111-20.

24. Maxwell JP, Masters RS, Eves FF. The role of working memory in motor learning and performance.
Consciousness and cognition. 2003 Sep 1;12(3):376-402.

25. Vickers JN. Visual control when aiming at a far target. Journal of Experimental Psychology: Human
perception and performance. 1996 Apr;22(2):342-352.

26. Rienhoff R, Fischer L, Strauss B, Baker J, Schorer J. Focus of attention influences quiet-eye behavior:
An exploratory investigation of different skill levels in female basketball players. Sport, Exercise, and
Performance Psychology. 2015 Feb;4(1):62-74.

27. Klostermann A, Kredel R, Hossner EJ. On the interaction of attentional focus and gaze: the quiet eye
inhibits focus-related performance decrements. Journal of Sport and Exercise Psychology. 2014 Aug
1;36(4):392-400.

28. Querfurth S, Schiicker L, de Lussanet MH, Zentgraf K. An internal focus leads to longer quiet eye
durations in novice dart players. Frontiers in psychology. 2016 May 2;7:633. doi:
10.3389/fpsyg.2016.00633.

29. Wulf G, Tollner T, Shea CH. Attentional focus effects as a function of task difficulty. Research
quarterly for exercise and sport. 2007 Jun 1;78(3):257-64.

30. Klostermann A, Kredel R, Hossner EJ. The “quiet eye” and motor performance: Task demands matter!
Journal of Experimental Psychology: Human Perception and Performance. 2013 Oct;39(5):1270-78.

31. Riley MA, Stoffregen TA, Grocki MJ, Turvey MT. Postural stabilization for the control of touching.
Human Movement Science. 1999 Dec 1;18(6):795-817.
|

https://jrsm.khu.ac.ir/
15



32. McNevin NH, Wulf G. Attentional focus on supra-postural tasks affects postural control. Human
movement science. 2002 Jul 1;21(2):187-202.

33. Russell R, Porter J, Campbell O. An external skill focus is necessary to enhance performance. Journal
of Motor Learning and Development. 2014 Jun 1;2(2):37-46.

34. Beilock SL, Carr TH, MacMahon C, Starkes JL. When paying attention becomes counterproductive:
impact of divided versus skill-focused attention on novice and experienced performance of sensorimotor
skills. Journal of Experimental Psychology: Applied. 2002 Mar;8(1):6-16.

35. Zentgraf K, Munzert J. Effects of attentional-focus instructions on movement kinematics. Psychology
of Sport and Exercise. 2009 Sep 1;10(5):520-5.

36. Schorer J, Jaitner T, Wollny R, Fath F, Baker J. Influence of varying focus of attention conditions on
dart throwing performance in experts and novices. Experimental brain research. 2012 Mar 1;217(2):287-
97.

37. Poolton JM, Maxwell JP, Masters RS, Raab M. Benefits of an external focus of attention: Common
coding or conscious processing?. Journal of sports sciences. 2006 Jan 1;24(1):89-99.

38. De Oliveira RF, Oudejans RR, Beek PJ. Gaze behavior in basketball shooting: Further evidence for
online visual control. Research quarterly for exercise and sport. 2008 Sep 1;79(3):399-404.

39. De Oliveira RF, Oudejans RR, Beek PJ. Late information pick-up is preferred in basketball jump
shooting. Journal of Sports Sciences. 2006 Sep 1;24(9):933-40.

40. Vickers JN, Rodrigues ST, Edworthy G. Quiet eye and accuracy in the dart throw. International Journal
of Sports Vision. 2000;6(1):30-6.

https://jrsm.khu.ac.ir/
16



