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Abstract

Purpose: The purpose of this study was to investigate differences in the control process to satisfy spatial and temporal
constraints imposed upon the anticipation timing response by analyzing the effect of spatio-temporal accuracy demands on
eye movements, response accuracy, and the coupling of eye and hand movements. Research design, data, and
methodology: 12 right-handed male subjects participated in the experiment and performed anticipation timing responses
toward a stimulus moving at three velocities (0.53m/s, 0.66m/s, 0.88m/s) in two task constraint conditions (temporal
constraint, spatial constraint). During the response, response accuracy and eye movement patterns were measured from
which timing and radial errors, the latency of saccade, fixation duration of the point of gaze (POG), distance between the
POG and stimulus, and spatio-temporal coupling of the POG and hand were calculated. Results: The timing and radial
errors increased with increasing stimulus velocity, and the spatio-temporal constraints led to larger timing errors than the
temporal constraints. The latency of saccade and the temporal coupling of eye and hand decreased with increasing stimulus
velocity and were shorter and longer respectively in the spatio-temporal constraint condition than in the temporal constraint
condition. The fixation duration of the POG also decreased with increasing stimulus velocity, but no difference was shown
between task constraint conditions. The distance between the POG and stimulus increased with increasing stimulus velocity
and was longer in the temporal constraint condition compared to the spatio-temporal constraint condition. The spatial
coupling of eye and hand was larger with the velocity 0.88m/s than those in other velocity conditions. Conclusions: These
results suggest that differences in eye movement patterns and spatio-temporal couplings of stimulus, eye and hand by task
constraints are closely related with the accuracy of anticipation timing responses, and the spatial constraints imposed may
decrease the temporal accuracy of response by increasing the complexity of perception-action coupling.
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1. Introduction
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ofu X[l 5E f75ts SHA MA2 XANFHZO| oot AlZE FEM2| I BSo| Alg 8 MAHE M2
CHE Fes O1E &= A28 E(Park, 2020), 0| ZEFO| L 2f MO 7|T10f| TS O|3e| Z& W3|7| s Chaat AZHE
Hofut S ZHE M of =N LSt AlZE X2t 230l AgtAlo) thet A7t ZRsict

Ol ZEFO|Y BES Al Al A HEXZ|IPZ0| BAS 7IRE MY ATLSS T DM oM Sl 12 S
I{EOo| AIFEd o 230 fitkl= AlSZHY Hofof met =2 E - AZFS 2 FECKLand & Mcleod, 2000; Lim,
2015; Mann et al., 2013; Panchuk & Vickers, 2006; Park, 2003, 2020;). A|Zt™ H2Hd0| @ &= O|ZFELO|Y BHS Al

Ol= X=0| S&2X| | EY¥5H= AIEQl 0|50| ZR81X|H =X XA=520] Cist X|240| 2AE 1 A=29 =
SAIEL AZHH o2 AX|SIE S Ht8S TS| OF SHCH(Hofeldt et al, 1996; Peters, 1997; Tresilian & Plooy, 2006). t
M dedo| 7 E 4R0l= A=0| SEX|F| =2 AIFZ®Eo ot 2t X
S0l CHe FENX] M2 SHOoF BhC.
=H | ZE5te AED 2X|E= g8 =D el XA=2| oldkls ZEX|ES 2ot bt
oM &0 ZEolor & FEA|IFHO| hE S2HE FX7|E0| BN, RERSAIQ AALLEHEHS
Al = FCHBowman et al., 2009; Helsen et al., 1
oot AER S £ Al FAFES S 22O HY ZHO| 225t BES E?‘R
| =3 MLCHBowman et al, 2009; Heinen et al, 2012; Kuntz et al, 2018;
Medendorp & Crawford, 2002; Rand & Stelmach, 2011). Ctfet £ EQf Hako 2 0|F5h= A=50| SEF Y| =2e
W EEZ XSS KN=E 278 Park(2020)2] ATFUME FAF2 A=52| OdEe =EXHz 0|S5t2n, B2
2 FAEO| n™E X|H2E 0|Fst= A2 2 LIEHRCE O|2{ot Ait= AZHY Febdat g St Fdetdol 275
= OZEO|Y Bt A0l A=2| tldkle ZEHAIECE FAIEES OlsA7|= AED XIZl MO7t kMH S &
ZA7|7| /3t =8 Q02 A8 5= AUSZ 2 AIASICH Aoyama et al, 2022).
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Ct(Land & McLeod, 2000; Lim, 2015; Mann ,
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FAIEO] 1HE[Of U= HEI|SL O|R0IX| 2 2(Fooken et al, 2021; Land & Mc
57| 0|20 LMst= FAIEQ OlsTH2 a2 AIZHY H2fs SFAI7|7| @l
ZEO|Y B30 Rt SU4H MA2 X522t o|sHeof| thet X|Zo 27
b S ZAE a7Ch ol2F WUNMAS FFAZ|7] IBiM
StoE £9| 0|52 {Ie 37A Ztm7I BastH, = HEFH0j|.
2 e Brouwer et al., 2021; Kishita et al., 2020; Park, 2020). X &l
Alet 22| o=EtolY ¢ % Alol= A0 SRYYS &l O|SSIEE FAFE2 X5
D= AFa XFO| HhE2l AlZZHE HeHdo| Eg
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AL XE, 22| FAIFS uFXYE &t 2282 HMo7t FIHHoE QL BE A
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13 O|ZEFO|Y BHSO| M|Ojud 2 ThA|of FotE|= M oFol| et HEFE = ATE AZHE Hehdo| 275 = o
A=t Bh82l AZHE BA I ZRX|X|E A|STHE Fedo| 27 = 4g0Me At=1F 8HE Ato[e] Azt
ZAZL A0 ZR2EE X HCh AlZHA B SN FHed @701 2015k M 2ol X0 Xt Z20| oY
FebEol AHlEl W MEabgo| A2 CHE Fgk2 0|& 5= QACHDanion & Flanagan, 2018; de Vries et al,,
2018; Farrow & Abernethy, 2003; Mann et al,, 2010). [t2FA O ZEFO|YO| HO{7|F 0l TSt Ofsio| &5 &3|7| 2k
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Figure 1: Experimental setting for presenting stimuli of various velocities
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ot AlAH BEXME|O HEElE AlZE 7|E22 2 A=S0| SEXHO 22 W7tK Q] Azt XS5 E0t

O|37 e[l Z=etof 2l ZFEEIA2H, & oA
7

Ol M L™AtE IHA|IA < =740 et CHE HAo = 3st A S
Adof ZESt= AT XA HEE MAZE K= XA|2HUD, A|SZHE M ZH M= X550 SEZH0| &
2ots AED YXEAH HERE XF2 Y5 XN 2F K| AIZJACE ABAZ|0|M = DXt X ojHer] & 0|
KX 47| sl Q-S| AlZ A Hahgof Cist Znte| X|A2 M-S SHA| UUCE SHX|2H Mol M g0 22X mYX}
7l S7|% SEHE XISt MM XIAE S| QAT = JEE ZF A|Z|0|A Q] =JH0f| A 'A=0] SEYHN =
e A ED LXEAH HEZ MA2] £ X=F2 K| 2HE DHXAIE M35

DE O™X= F 7EK MM =AM M ZHX] XIS ZHEZ 2H2E 202|% F 12030 H™HAI7|E &SR/}
CF MMM AL MA|E=M = DAL 2l FALE A™EEACH, ZF MY ZHM HB-AIZ|IE =" =
o= 5&2t2 542 X3dHULCt
2.4. Data Analysis

2t tN| M| RAOML| A5 RUEE HHEE X2 E 0|8510 Ch21t 22 H4E A AHSHRICE
2.4.1. Spatio-temporal Error of Anticipation Timing Response

[1]. EFO|Y R Xf(ms): HEO| HAATE HESH A|FEREE XA50| S R2F Y0 2ot A|TS W 7ol iz

EM AIZHH 2%te] 3710f thst YEE Mg
[2]. BB 2K (ms): HEFE A|HO M HE K| AASE=ERH AO|2] ZHHC2M 7Y X2 37|0f st
E2E NSotH, 31 20| AatE:

H}

—

o

QA =[x+ y?

[x = 2EAKIL} RIS EERH ALO|2] x = 74, y = BEX|F A =EXE MO[2] y = 2HA]

2.4.2. Eye Movement Patterns

[1]. T4 AT 2E2| HEI[(ms): AFHAIAE 2R HhEd 28 0] ZHAIE WH7EX]Q] AlZt,

[2]. FAIE 18712 (ms): AH=0| SEAGO| TES= A|HERH FAIFO| SHIYY =250 D-E= AIF
2 MU ANFHEQ PR O| AIZHE ZHAof Tiet EE HIE.

[3]1. FAIEA xpF2| ZHH(mm): BHET R AT ML FAIFE UKL A =EHXIE AL0|Q ZHHCE XS5 22 o

T23o SUH Ao tigt Y2E MSotH, tha3a 20| A LhE:

FAED K30 742 = Tt y2

2
[x = FAED AIEUXE A0[2] x % 242, y = FAHD AIEUXH Ato|2] y 5 7H2]

A

2.4.3. Eye-hand Coupling

[11. MZHY HZ(ms): HET= AH2RFH FAHS 2T LYAIH

Aol tist S2E MS.

mjo

W o2 OIS ET A250| AZHY B

[2]. U AZ(mm): FAIFL 2T DFXF BEO| HITRE X[F AM0[9 ZHAL 2 o231 £252 3t
o oA of tist 2 E MSotn, Ch3ah Z0] ALtE:

AR i bE
[x = FAED BEAXK| MOI] x & 74, y = FAIHD ZEAK| AfO19] y F 2H4]

ALE HaS2 AFSf ZUN XS5 ZHER Euote(A2n, oot S0l Do 2 bR X FAIZHY |
o MBS H9f) x 3 A=HE(0.53m/s, 0.66m/s, 0.88m/s)2| BH=E5FE O FZLEMS HASIALE ASTHY %}
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ZHOMT ZHE HHAQKIQF 7 AAL X2 L E(0.53m/s, 0.66m/s, 0.88m/s)2| TR0 CHst HHE=FE A2
2MEME HASIYLE SR B FRIE RO AR20l= =& 7tel Xjolof [t AI=A™S ol ofH HY
(contrast test)= AMESIRILCE BE XAR2EAMO| Fo|+F2 5%2 HFSIRICE.

3. Results

3.1. Spatio-temporal Accuracy of Anticipation Timing Response

3.1.1. Timing Error
Ol ZEFO|YO| AJZHE FEd g BHYSt= EIO|YRXIE M0 Aut MM =2 FR et F(1,11)=6.58, p<.05,
A=HE0 FEMIF FISHIALE F=(2,22)=10.93, p<.05. BtH KMt =2 F2uto]| Ciet A2 AT AL} EfO|YXt=
AZHE Mot ZHECH AISUH HoF ZHOM FOlSHAH & A= LIEHHCE AFHZ 2 Frutof| thet AZHS Zat,
AFE=7F WatE = ELO| YK HM S M <Figure 2>, £5-0.53m/s ZUHELH £=-066m/s X £X-0.88m/s =
M

Ao M(p<.05), 2|1 £=-0.66m/s AL} £=-0.88m/s ZHOA FstAH 2 A2 8IS H CHp<.05).

3.1.2. Radial Error
ASUE HYZHOA T ZHE BtZ Xtof CHSH MM 2 XSS5 22| =27 F2|SHRALE, F(2,22)=10.65, p<.05.
NFEEe =20 thet AZdS Al BtE A= A5 27t W45 HM 2 H<Figure 3>, £&£-0.53m/s &2

1

HCF £2-066m/s X £5-0.88m/s A A(p<.05), A2|2 £ =-0.66m/s THECH £T-0.88m/s T A [2l5HA|
Z A2 & LIEHRCHp<.05).
200 10.0
——A|7
_ 10 -2 = 90
‘?’ 160 ; 8.0
g =
LED 140 : 1.0
o= ;
= 120 6.0
100 50
0.53m/s 0.66m/s 0.88m/s 0.5 Em'[s 0.65“1/5 O'Egmls
Stimulus Velocity Stimulus Velocity
Figure 2: Mean Timing Error Measured in Each Task Figure 3: Mean Radial Error Measured in Each Task
Constraint-Stimulus Velocity Condition Constraint-Stimulus Velocity Condition

3.2. Eye Movement Patterns

3.2.1. Latency of Saccadic Eye Movement

thEd et 2sel =700 et 2o Me DtRM St =42 =zt F(1,11)=11.23, p<.05, AIFHES| Fa I}
FISHRALE F=(2,22)=47.03, p<.001. ZtH|H|F = 9| ¥ atof chet A= AT 2o TS TR SO BEII= Al
o Mot =UEL ASTH M =AM FolotA B2 ALz L Lt A& 2ol =30 Higt A=dE

AN =

H&Ed r2Ee HEVe MH=SER0 EEE e E ’-EOHIE Ao =2 LIEtH OO <Figure 4>, £&£-0.53m/s XL}

_,_
m
s
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300 300
——A|Z} —-—A|7H

. 280 —-—Al 57 _ 0 ——A 37
g g
g 2 200
: 260 ‘;’
= Q
E ?.-"“ 150
= 240 E
= 2 0
ﬁ 220 50

200 0

0.53m/s 0.66m/s 0.88m/s 0.53m/s 0.66m/s 0.88m/s
Stimulus Velocity Stimulus Velocity
Figure 4: Mean Saccade Latency Measured in Each Task Figure 5: Mean Gaze Duration Measured in Each Task
Constraint-Stimulus Velocity Condition Constraint-Stimulus Velocity Condition

£E-066m/s X £E-0.88m/s 20| A (p<.001), A2|1 HE-0.66m/s ZHELH £5£-0.88m/s M Fl5HA X
OfX|&= Ao 2 LIEFSCH(p<.05).

3.2.2. Duration of Gaze Fixation

FAIE 2F@7|2tol tiet 240 M= A QF ZHo| Fauke FOSHX| YRX2LE F(1,11)=0.01, p>.05, A=HE9|
FH = QOIBIAULE F(2,22)=62.61, p<.001. AFZHE0| FH 0| CHSH AIZ AT ZD FAIY DH7|ZH2 RAI=ES 27t
ot 2 ROHK| = H2 2 LIEtS S M <Figure 5>, £ &E-0.53m/s ZHELH ££-0.66m/s X £=-0.88m/s ZZ0A
p<.001), 2|1 £=-0.66m/s THELH £=-0.88m/s A |O|5IAH FOIX|= W= LtEHGCHp<.001).

=3

—~

3.2.3. Gaze Error

FAEI XK= 2tA0| ot EM 0= QMM HQ| FRIRL, F(1,11)=5.39, p<.05, A=HE2] FRIIL K2
SHRILE, F(2,22)=21.5, p<.001. DFA| K|k =742 A2 EE Zah X500 2RI =5k A2
FAFED R=2| 2tA2 AZTUE KN RHLCH AZHE K| of ZANM |25t 2 A2 2 LIEHHCHp<.05). AAFEHE
of Fg 0| Ciet A= AHF ADt £2-0.88m/s ZH ML Z+H0| CHE £ & ZAHEL JOI5HH 2 AL E HER e

(p<.001), £=-0.66m/s2t & =-0.53m/s =71 AO|0f= FLIXt7F SARACE<Figure 6>.

40 400
——A| 7t —a=A| 7L
35 ESEr T o A7
E 30 i 300
; % .__/ Z 0
= L=
g =
G 20 -‘_// g 200
15 & 150
10 100
0.53m/s 0.66m/s 0.88m/s 0.53m/s 0.66m/s 0.88m/s
Stimulus Velocity Stimulus Velocity
Figure 6: Mean Gaze Error Measured in Each Task Figure 7: Mean Temporal Coupling Measured in Each

Constraint-Stimulus Velocity Condition Task Constraint-Stimulus Velocity Condition
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3.00

2.50

200 .—_/

1.50

Spatial Coupling (mm)

1.00

0.53m/s 0.66m/s 0.88m/s
Stimulus Velocity

Figure 8: Mean Spatial Coupling Measured in Each Task
Constraint-Stimulus Velocity Condition

3.3. Eye-hand Coupling

3.3.1. Temporal Coupling

AZHE AZOf Oiet M0 = DHRIM S =2l F2IHef, F(1,11)=5.04, p<.05 AHSHE2| F2 07t ROSHAL
F(2,22)=26.02, p<.001. TtHMf R0 FE 10| CHSt At HZT ALt AZHE AZA2 A|ZHE M F ZHELC AlS
Hof ZH0M FolStA 2 AR LIERICHp<.05). A5 20| =2 utof ist AZ AT ALt AN HE2 AI545E
7t B7tE 4B RO = Ao 2 LIES O M <Figure 7>, $5-0.53m/s ZHELCE £E-066m/s X £E£-0.88m/s =
M, 22|30 £52-066m/s RHELCH £5£-0.88m/s DM FOISHA B2 A= LIEHGTHp<.001).

3.3.2. Spatial Coupling

M A4 o 240Me= RSS20 Fratdt °9I3+G'Er F(2,22)=23.94, p<.001. XA}F£5E 9| FEt0f Cist
MNEAT 4l £2-0.88m/s ZHOMO| ZtA40| CHE £ = ZHMEL R5HH 2 A2 2 HHR T (p<.001), £
-0.66m/s2t £=-0.53m/s = ALO|Ofl= F X7t HAMERngre 8>.

I'

4. Discussion

Ol ZEFO| Yol HOjutFoM XtF2 2 EEE AlFU LA E = BHEE et AlZHE Hofat A= 2 X[ F ot LXK
Hle BEE 75hks S M2 XA E0 oo AlZA X|Zat 2E3ol A2l & ddargol| M2 CHE defs 0
Al 4= QICHLim, 2015; Mann et al., 2013; Panchuk & Vickers, 2006; Park, 2020). A|Z+& |0t 20tg|= Agtar H| &
I, AlSZHE KMofo| &t HutE ZR0le K=o ZEAIEHD XL =& A=2 &l &2 0|SA|7{0F SIEE Q7 &
£ 2289 A2 Mol EX0| T7HE = UACKTresilian, 2004). O ZEFO|Y EHS0ff Bate|= A|ZHE K| 2kO|
S 42 SUA Mool A QI Rt XM 20] Chet X[ 20t 230l Alel U Ao SEHES SIAEL
EMN HHEo AlSZHY ZTHo| S22 0|E &= Ao, Tyt A dEoM SEE EO|Y A= J{et 7HEo| et &
HE N33t

EO| Y Xtz A|ZHE HQF ZHELCE AISZHE K of ZHOM O AHX|= A2 HEIRCH, & |' | A F =H 2
FOM XFEE7t HESE SISIQACEH & Mol AZHE U AS A M ZAHOM AH=0| ZEX|Hol| =2 ot
X9 7|2t SR8 Z, O|2gh Zit= AIZHE H2fo| B30 A7t Hehd o O|X|= Feo| S7HE Hefel Fut
Ol 20 et HatE £ A2S A|AFSICKTresilian et al., 2003; Tresilian et al., 2009). O ZE}O| Ht2o| M3t o X2
S40| oot A2 X2t @7 &= Bh3o| A2 W Mo 58&= A2, X=2| 0lsAz

[2{%t al

NESRL AlZrof mhat EabE 4
7SS AF2 & L0 7= 0 S == JACk(Lim, 2015; Tochikura

Z1
E
et al., 2020; Tresilian, 2004; Tresilian & Lonergan 2002) SOl AlZHA Feda gl S FEgol fTE ER &+
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2013). SHRIBH AIZHY HEHDH @ REE MYOIME AT ELRH 2 05 FRA0| KoK, FAIHO]
DY KHO| B3O HerMo| OjXls ¥ e AT 4 Tk WRAM DA MO FAD AIHE| 02
FAR ATl 242 k0l WA LIHSHe ABH HOHS SFAIZ|7| 9B HOIIHS B + Yo, X3l

YEHe AZN YEME 975 NEEC ASUY YHY0| Y 2TEs

EEXEE g FAY 039
o]
AN

SE0M O =0t 5

5. Conclusion

Tesl = M, & A7 Aoks AZHE U Z7HY Mol £t o ZEH0|Y HHEO| M ojntFo| ME CHE dEE
O = ASES AASICH AJZHE merot 20tEl Z20s X=F0] SEIY0 Z2ste AIFQ| o|%0] ZasiX|H,
WX QTR0 TEY| B7HE Sl AAFH 0l Cish X[ 2ot BHE ol 2N Feg g A7 U2 E LIERLC
SEX|TE A MY EOME A=l EEHXEES T2 £280| 275X $%en, ojz{s tH|Kfe| EH2= Qld)
o] EEX|F Chst FAIE 0|52 Fd2 AALALH FAIE DPAFEL &2 ZTEAT AL0|Q] A+
AAL HOX|E HoE EACH BHH S Hofo| Il 2t Xp3o| ZEAIF @Ot otL 2t X|F el Hetst
o522 75, XFFo| oiils ZEHXHES Fot FAMHL £250 Mg =Es|{oF st o]2{sh IbH| K 2
52 ol =dxtE A TRFL HEI|E UHSAZOEM FA|HD X2 A|ZHA o1 A0t 7t J2| 0 FA|™ D &9
S AAE 2T AR LIEIRCE et 2 Ao Zite o|FEHo|Y 80| Batele AZHY R S7HE
Heto| FAIFS olsWENt £1F &0 HAN ME L2 FEE O/E = o, ojz{st Hojugo| xtole #HS9l
Hetdur s BAEE = JASS AlAtsiot
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