Nagoya J. Health, Physical Fitness, Sports Vol. 4 (March 1981)

A4 v aybha—icBd AR
— QWA T B Y 4 Y v AR O W T —

A Study of Timing Control
Timing Error to the Two Moving Objects
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Hisao ISHIGAKI*', Hisatsune YAMADA*%, K,umaleERADA”‘1
and Yasunori OHYAMA*!

The purpose of this study is to investigate the relationship between eye movement and timing error (TE) to
the moving objects.

As for the movement conditions of moving objects, we established the condition of two moving objects in the
same velocity and the condition of two moving objects in the different velocity. Furthermore, we established
one moving object condition with the timing point on the course of one moving object and compared one
moving object condition with two moving objects condition. Two small TE subjectsand Two large TE subjects
were selected to investigate the cause the difference of TE. The eye movement was photographed on 16 mm film
with an Eye Mark Recorder while we fixed the subject’s head.

The results of the present study were as follows.

1. Under the same velocity condition of two moving objects, TE were significantly smaller than under one
moving object condition.

2. However, because the different velocity condition of two moving objects had the large TE, it was considered
to be the difficult timing control condition.

3. Under the one moving object condition and same velocity condition of two moving objects, the patterns of
eye movement of the small TE subjects showed the pursuit eye movements that followed the moving object.
The patterns of eye movement of the large TE subjects showed the large saccadic eye movements near the
timing point, waiting the arrival of the moving object.

4. We did not found the same tendency like above 3 between the small TE subject and the large TE subject
under the different velocity of two moving objects. From this, it was infered that the timing control under
the complicated movement condition depends upon more the time perception than the space perception.
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Figure 2. (a) Practical Pursuit situation when two objects move same velocity
(b) Practical Pursuit situation under one moving object condition
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Table 1. Mean and standard deviation of two moving objects conditions and one moving object condition

msec
Two moving objects ‘One moving object
Pursuit Rightward Leftward Simultaneous Rightward Leftward
condition moving object moving object | peripheral vision | moving object moving object
Mean 30.0 29.8 24.0 36.3 40.6
Standard deviation 15 13 10 17 15
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Table 2. Analysis of variance among three conditions

Factor df Ms F |
Condition 2 52 3.77% 1 11
Ind. Diff 66 226
ne ’ 2 6.3 m
Total 68 * P <0.05 *
3 12.3 6.0
WSD
Condition I — One moving object Rightward pursuit

II — Two moving objects Rightward pursuit
[II — Two moving objects Simultaneous peripheral vision

Table 3. Analysis of variance among three conditions

Factor df Ms F I
Condition 2 1618 9.09* 1 11
Ind. Diff 66 178 *
2 10.8 111
Total 68 ** P <0.01 *P <0.05 wk
3 16.6 5.8
WSD
Condition I — One moving object Leftward pursuit

I1 — Two moving objects Leftward pursuit
111 — Two moving objects Simultaneous peripheral vision

Table 4. Analysis of variance among conditions

Factor df Ms F

A Movement condition 1 1620 5.23%

B Pursuit | 370 1.20

C Ind. Diff 22 274 0.88
AXB | 155 0.50
AXC 22 210 0.68
B XC 22 198 0.64
Error 22 309
Total 91 d * P <0.05

A: One moving object Rightward and Leftward
Two moving objects Rightward and Leftward
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Table 5. Mean and standard deviation of different velocity conditions

msec
Velocity
condition 2 m/sec 4 m/sec| 4 m/sec 2m/sec || m/sec 2 m/sec |2 m/sec | m/sec
Pursuit — T h_’ T o T o T
condition
Rightward M 45.7 35.0 43.1 349
1 ject
moving objec SD 26.3 231 18.9 17.6
Leftward M 43.6 30.8 27.8 30.9
moving object SD 29 21.2 15.4 21.0
Simultancous M 455 37.2 48.1 31.2
peripheral vision SD 241 259 201 186
Table 6. Analysis of variance
Factor df Ms F
A Movement condition 3 1952 7.42%*
B Pursuit 2 2147 8. 16%*
C Ind. Diff 19 1929 7.33%*
A XB 6 139 0.53
AXC 57 573 218k
BXC 38 171 0.65
Error 144 263
Total 239 ** P <0.01
Timing error{so)
Condition 30 40 msec 50
Timing_error I | 300(15.0)
ondition 30 40  msec 50 Sqm.e 298(13.0)
- [T [457 velocity o] 24,0 (10.0)
6
s 7 I?B. Different ) 39.7(215)
455 . 33.3(202)
) 350 Velocity ® 405 (224)
A 2| g [ 30.8
® 37.2 73 Figure 6. Comparison between same and different
1 2 : velocity condition by moving object velocity
1M 2| @m[27.8
1"8-1 Timing error(s o)
—_— ) [349 Condition 30 40 msec 50
I 5| e 30-2 Same Velo [ 27.9(143)
® |3 Grpg— 2mey | 39.6(239)
2m - Ty [35.9(188)

Figure 5. Result of different velocity condition
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Figure 7. Comparison between same and different
velocity condition by pursuit



Nagoya J. Health, Physical Fitness, Sports Vol. 4 (March 1981)

BE1T9 2 BUEA BMEEL Y 5 HHETO 1 Bhk 4
FIFCBOTRTER K& <, L7 T 36.3 msec ,
LEAT DB A3 it KD TE 40.6 msec % 7xL 720 Ll
L opERS A ST k2, £3, £4) T
Bt L, IFomE4EiS7,

(1) 28 KA1 B REEL A EIC
TEDB/NINT EMHEAIVITDEDEDLT
WRHTHBEENHDTENTE B,

(2) 2 AR BESAEN T 3 DD BB A 1)
WA IS TE D73 A S0,

(3) EHkIC, 1 EERBEBLENICBTE, 4
1, ZEATOMICHEREEA SIS,

(4) 1 BRI & 2 B A LSRR A i 9

b &, ENTNLATT G5O TE i
FELE (5%) BHoND,

2RO D a4 2 v I BbhEvd
NENH T EIDNTI, FERFTO THICK d 5
CETHoTeo TbE, HIPHELE ORI 1L 54
THhbH, bohULdba4 I v IHEBHRE NI
1 BB ST LT, B R D ML L 72,
DO Z AU, R AR EE A o e 2 Bk L A
HOH D TEA MK SHLEDEE Z o hsth Uiz
THotco CTOBRMKNEL T, BHAEEE 24 3
YR, H B0 2 DOEKSEE DU D STk,
s g, BRE EbIBbd 2o iR
DNLIE B & O MBE O M5 & i o A7 B4R
D5, KB IC B D TR S 1 5 —F DI

1y, 2SR R L AS, 1 SRS SPE & 2 Bh A
B TEMETLZOTREVLEEZ NS,
DT EWLDNTHGEAR D B 1o, ol
befi 0 B & M E U 7o s, IREH2) 1B WD T4
P & FHLFOBR A S Ic L T, &6
B KRB O AT S RIC R D & B A M b ¢ &

I %0
2) Hagigtt
it 1) OFHEEICE N T, 2 DiRBLEE

S LA SR LD A I VI EbEPT

WENWD T EBWE NS 512 2T, 2K

BUERSARA 2 DO BB ISBLEF AL 5 00 & N ~FE 18
LHMETHET 2 &0, S OICHMES S A %
EUTEICBRET BN TR A2 INA 12,

WERERER S, SR, F1K5 DN
B 6 1CIR U oo X6 1305 Ak L 4 a0 0 R 45
1} (4 m/sec — 2 m/sec) & BB (2 m/sec
— I m/sec) IZHr V), TN F B4 A I
UG DFOALTTIBR, /27700, R84
PFDOTEZ L CH MG E L TRLE S
DCTHBo HEDLOWS sk Hic, Sdstto
27.9 msec &KL T 4 m/sec — 2 m/sec O
%A 39.6 msec, 2 m/sec — | m/sec DIEEAE
T35.9 msec EWFHL TEM K&, 2 @)kl
GTH-TH, 2 ODBEE MNRI B4
BA IV ITWEDRIC OEHETH BT Enbh
Bo MNGEH EBOVEHRNIC A ELE T A SN
DA, D GEICTE 28 K& WD) 254 51 5 o
TN, AEBREMOLS, 2 D0 BB B IHH
DIENGA TRBORAD Vo & 152 1o BED e
I LT —B D IR, 22 BB Ui aE ek
RN bDEEZ OND,
KICBMIIS O EIC DN THTH L H o Y
TR ELE IO T, 2nENou L1 (4
m/sec — 2 m/sec, 2 m/sec — | m/sec) A AHIC L
TEMBEAICON TR L, gt & g
L1cbDTH b, T THS s L HiT, g
FTid, WIFNOBI Y AHICEOTHTE 5K
&<, 2DODOUIELERE MBI 2 &, KiTIBR, 4
T8k, RSO DN oBEER TG 42
AIVITBEDLRICLKRLCENEL NS,
Wi Th, BIHTRU 7Sl 4Tk d TE D/
SN (24.0 msec) [A] Wy B L AEAS 40.5 msee &
KOTE BAKEL, 2437 O8bEIC L WO
LT85T Do T ORI D BLEA b Sl 4 i
BOTTEWH K 2 E N A 7212 BIC & icd
rli3TELL, UL, Ch%ﬂh&ﬂ:ﬂ’ﬂ’]%ﬁa
D oDHHELEL TG, Fdo 2 B k4 Fk
Uk x, %WL@@®%%®&@@1M%%
DALE B I OHEA O T 2 ¢ & 3REEA KT 2
DS, HHAEME T, 2 DO B A BN LR A S
FOBICEE) 92 2 DOMEES E 5 7 L iR
HNCHEEF B C E BT E B, —HOIGRIN
2L BB U A i e i & it U TR BS 15 12 b T
BROhEEZOND,



Nagoya J. Health, Physical Fitness, Sports Vol. 4 (March 1981)

WIC, B )4k &R b B2 PRl 5 O B (R D3
TEICE K12 BICONTERELED B,

FIPLHTUEBMOEEAEHTHE D 200
FAMED A DED D HEED MBS (2 m/sec
—Im/sec) s L OO MRS (4 m/sec — 2 m/sec)
Ebic, BT BREN2 DO HEEOHEDED
S5, OB EAB M AT 55 ST TER/NE D
B H 5N Do CDOBAOBRGEIICE S
AU BEDIEHEE LSO T EDBFEZL oK
5o FEHMSE T 2 Bk —Fc st 3 B B S
TEHE D T 2 O O IR Y, T O FLEE
Z U E TR U 78 03 & £ O B ) B S & IR
WORHRTHZ T ED TRV, Z2LT—H,
AR L 29 O D 5 O SIS DD T
WERIC B 2B80BHELTESLZT, %
443 v 7REL, —BOURELS BT - T
b5 EBEZ OND o KICKEITRELBMB O A ICD
NWTHTHE Do FEFTHEA BRI 2840
WIEE LA DREICBOTE, FRRUIA
B O A E RO DA SN b UL,
O SIS C OBIRIERD S 5 T
O & HICHROETTHEBMO B4 1T, —kI1

WC/EATS B BT 97 2 MR BR oD [A) 38R B3 A7 1 74
gL THiicscibhiEnc s, ®) a5
A TR i fedd 24 3 v I b
SN EWICRNLU TEMAZED K & ERMHICE 5 1
bOEEZOND, o, LITHEBK, T8
SHEMIC B80T, 2 DOBED 5 BT O B
A B4 2B TE VNS WD T LD T,
HEEICERT 2 EMEZ ON D, BOFEE
BT 2854, BEEOBREIC B WO THRE TN B
M®Em@mMWﬁ,m5ﬂﬁ$@WTC@ﬂb
TL D1, TOEBE S G T, #OGEE B
&fé%A&mhbf&wm&%uﬁaﬁé%é

T, —EOWFRNY, 2SR R U s H ik i IR 3
f%étb&%iénéoégw,cn%ﬁﬁﬁ
WELTEZ GG, SEOHRN B2 B 5

L, OO BETEIE L T b XS i
Hah, BOGEELZBHE 2563, Ho e
BN A8 E LTS5 &0 ) B Bl R
MWEA IV IDELEPLTIELAT S END 1
DELTHEZLLENTEL D, DS, —f%
ICE » TR IC B W TE, ATTRED B,
FITREDBHONSNICEN TS, 2 208K

——Q

g

37.2ms

(Timingerror)
—Q

7%

31.2ms
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(Significant difference test employed Tukey method)
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Figure 9. Pursuit patterns of one moving object condition
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Figure 12. Pursuit patterns of left ward object in same velocity condition
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Figure 13. Pursuit patterns of right ward object in two moving object condition (2 m/sec — 4 m/sec)
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Figure 14. Difference of the pursuit patterns between the fast and the slow moving object
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