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Abstract
Background & Purpose Athletes often rely on visua information to quickly

receive information from the external environments and make responses directly in
gport fields. The abilities of visual information process usually affect the motor
performances and sports achievement of athletes. Up to today, the level of visua
information abilities in young athletes was less examined in any depth in Taiwan. The
finding of that the elite young table tennis players were obviously better in the motor
coordination abilities than the non-DCD children was found in the past studies.
Therefore, the purpose of this study were to investigate the visual information abilities
of 9to 10 years-old €elite table tennis players and to compare that with the same aged
children with typical development or developmental coordination disorder (DCD),
and further to analyze the correlation between the abilities of visua information
processing and motor coordination in the elite young table tennis players. M ethod
The Movement Assessment Battery for Children test was used to identify whether
children had the problems in movement coordination. A total of 120 subjects enrolled
in the study. Among them, 40 children were €lite table tennis players, 40 children
were typically developing children, and 40 children were DCD children. Each child
was evaluated with the Test of Visual-Perceptual Skills-Revised (TVPS-R) and Covert
Orienting of Visuospatial Attention (COVAT).  Results The results showed there
was no significant difference among groups in the visual quotient score of TVPS-R
(p>.05). The visual perceptual ability of elite table tennis players was better than that
of children with typical development and with DCD. The poorer the motor
coordination performance, the poorer the visual perceptual ability. In the COVAT task,
elite table tennis players showed significantly shorter reaction time (p<.05), inhibitory
response time (p<.05), and less response errors (p>.05) compared to children with
typica development and with DCD.  Conclusion The €lite table tennis players
demonstrated the best visua information ability. However, the correlation between
visual perception ability and movement coordination ability was no evident. The
further study with increasing sample size was warranted to explore the topic in greater
depth.

Key words: Elite table tennis players, Visual information ability, TVPS-R,
Visual perceptual ability, COVAT, Inhibitory response time ability,
Reaction time.
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(body mass index, BMI)
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4-2
4-1
Table tennis Normal DCD
(N=40) (N=40) (N=40)
(cm) 138.43 + 8.18 139.38 + 5.30 139.85 + 6.36
(kg) 31.75 + 6.35 34.83 + 6.63 35.94 + 8.70°
16.43 + 1.85 17.87 + 2.86 18.23 + 3.29¢
(BM1)
(cm) 50.69 + 6.18 63.79 + 6.99°  65.14 + 8.41°
(cm) 71.73 + 5.35 75.05 + 6.78 76.08 + 7.68°
a:p .05(DCD Table tennis );b: p .05(Normal

Table tennis )
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4-2

Table tennis Normal DCD

(N=20) (N=20) (N=20) (N=20) (N=20) (N=20)

10.08 9.94 9.93 9.89  10.11 9.92
(yr) +0.65 *0.65 +0.42  $0.35  +0.39  +0.47

139.65 137.20 138.65 140.10 138.95 140.75
(cm) +7.49 +8.84 +5.13 +5.51 +6.86 +5.85

33.40 30.11 36.84  32.83  35.69 36.20
(kg) £7.16  £5.08 £7.59  $4.92 £10.20 t7.14

16.97 15.89 19.07 16.66 18.24 18.22
+2.18 +1.31 +3.31 +1.68 +3.74 +2.88

(BMI)
61.65 57.73 66.15 61.43 6550 64.78
+6.15 +5.70 +7.70  +5.40 +9.79 +7.01
(cm)
73.00 70.45 76.55 73.55  75.35 76.80
+5.24 +5.28 +7.86  +5.29  +8.35 +7.08
(cm)
4-1-2

Movement ABC test 9-10
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Table tennis DCD

Normal

DCD

DCD Table tennis
Normal
4-3 Movement ABC
Table tennis Normal DCD
N=20 N=20 N=20 N=20 N=20 N=20
3.90 3.08 3.35 3.38 7.25 7.18
+1.97 +1.77 +1.42  +1.45 +2.38 +1.952P
0.50 1.25 1.05 1.15 5.30 6.50
+0.95 +1.41 +1.28 +1.09 +2.85 +2.333P
1.58 1.18 2.13 1.65 4.43 3.65
+1.15 +1.23 +1.35 +1.39 +1.75 +2.148°
5.98 5.50 6.53 6.18 16.98 17.33
+2.38 +2.73 +2.00 +2.17 +3.19 +3.272P

a:p .001(DCD

Normal )

Table tennis
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Movement ABC test

4-4
DCD
Normal Table tennis
Table tennis Normal
Table
tennis Normal
4-4 Movement ABC
Table tennis Normal DCD
(N=20) (N=20) (N=20) (N=20) (N=20) (N=20)
0.70£0.92 0.18+0.34 .65+0.86 0.38+0.56 .50+£1.17 1.83+1.45 %P
3.10+1.71 2.85+1.84 60+1.47 2.95+1.39 4.45+0.89 4.75+0.44 2P
0.10+0.31 0.05%0.22 .10+0.31 0.05+0.22 .30+1.59 0.60+1.10 2P
0.00£0.00 0.10+£0.45 .05+0.22 0.35+0.59 10+2.13 3.35+1.69 2P
0.50+0.95 1.15+1.35 .00+1.30 0.80+1.06 20+1.77 3.15+1.87 2P
1.58+1.15 1.18+1.23 .13+1.35 1.65+1.39 .78+1.13 3.13+1.48 2P
0.00+0.00 0.00%0.00 .00t0.00 0.00%0.00 65+1.24 0.53+1.02 2P
0.00£0.00 0.00+0.00 .00+0.00 0.00+0.00 .00£0.00 0.00+0.00
a: p .001(DCD Table tennis ) ;b: p .001(DCD

Normal
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Movement ABC test

Movement ABC test

4-5
4-5
(N=60) (N=60)
4.83 + 2.60 4.54 + 2.54 0.390
2.28 + 2.85 2.97 + 3.02 0.039
2.71 + 1.88 2.16 + 1.94 0.053
9.83 + 5.70 9.67 + 6.10 0.746

.05(
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4-1-3

Table tennis Normal DCD
Table tennis DCD Normal DCD
(p<.05) Table tennis Normal
Table
tennis Normal

(p>.05)
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Test of Visual-Perceptual skills Revised

16

(VPQ)

4-2-1
DCD

TVPS-R
4-6

DCD TVPS-R

TVPS-R 4-7
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DCD

4-6
Table tennis Normal DCD
(N=20) (N=20) (N=20) (N=20) (N=20) (N=20)
83.10 82.95 82.85 81.50 82.00 79.90
+12.50 +9.94 +10.00 +11.87 +9.50 +11.23
112.85
113.10 112.95 +10.00 111.50 106.65 109.90
+12.50 +9.94 B +11.87 +24.39 +11.23
75.05 76.05 76.10 74.60 76.00 71.85
+22.44 +18.27 +17.25 +21.85 +19.99 +22.45
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Table tennis Normal DCD

(N=20) (N=20) (N=20) (N=20) (N=20) (N=20)
11.95 11.35 12.00 12.20 12.00 11.90
+2.06 +1.76 +1.78 +1.28 +1.89 +1.89
12.85 12.85 11.80 11.45 11.10 12.35 2P
+1.60 +1.46 +1.99 +2.11 +2.25 +2.11
13.05 13.15 13.10 13.05 13.05 12.85
+1.47 +1.09 +1.37 +1.09 +1.32 +1.14
10.00 11.75 11.15 11.10 11.80 10.05
+4.66 +2.94 +3.98 +3.28 +3.52 +3.39
13.25 11.60 12.95 12.90 12.65 11.75
+1.33 +3.52 +1.99 +1.59 +1.63 +3.84
12.45 12.20 11.70 11.80 12.05 11.55
+1.79 +2.71 +3.44 +3.44 +1.64 +1.88
9.05 10.05 10.15 9.00 9.35 9.45
+4.85 +4.66 +5.08 +5.22 +4.42 +4.25

a:p .05 (DCD Table tennis ) ;b: p  .05(Normal

Table tennis

)
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4-2-2

Table tennis Normal DCD
TVPS-R
DCD Normal Table tennis
Normal Table tennis
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1980 Posner Covert Orienting of
Visuospatial Attention Task(COVAT)
Neuroscan

Stim2 1.

4-3-1

4-8
DCD

76



4-8

Table tennis Normal DCD

(N=20) (N=20) (N=20) (N=20) (N=20) (N=20)

358.00+£86.51 337.71+105.27 359.93+100.01 363.14+108.53 402.99+136.05 371.41+92.96
365.79+83.10 347.79+£112.30 372.45+112.91 362.45+ 98.82 414.12+140.59 380.94+80.05

416.17+94.76 386.10+109.67 423.54+100.45 407.60+ 97.49 480.93+157.72 432.15+104.41

422.91+92.34 391.19+112.22 445.88+110.39 413.54+117.88 480.37+154.80 447.30+99.04

421.10+£106.44 404.48+150.98 456.43+114.83 458.21+114.84 485.79+151.45 521.88+126.98
436.59+107.02 413.30+£120.27 468.06+121.21 475.93+119.49 512.64+159.30 535.21+114.30

488.71+£102.93 476.17+143.01 539.16+101.40 541.36+124.29 600.48+149.30 597.86+123.22

505.36+120.66 466.64+ 99.22 581.31+112.78 566.39+107.02 626.11+182.78 618.76+124.10

537.15+£99.62 522.10+106.45 612.27+ 88.04 581.96+ 88.01 629.14+155.41 606.95+92.86
599.86+124.16572.93+162.33 634.76+105.05 611.49+116.75 713.37+156.33 666.66+139.61

667.68+118.53 623.90+136.36 756.19+119.76 672.82+126.56 769.84+178.76 743.84+134.07

634.94+99.86 584.64+103.22 700.84+129.42 645.15+ 93.41 749.91+161.03 707.69+123.00
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Stim?

4-9
DCD
4-9
Table tennis Normal DCD
(N=40) (N=40) (N=40)
347.86+95.65 361.53+103.02 387.20+116.12
356.79+97.93 367.45+104.85 397.53+114.16
401.13+102.30 415.57+98.04 456.54+134.31
407.05+102.70 429.71+113.91 463.83+129.35
412.79+129.21 457.32+113.35 503.83+139.15
424.94+112.98 472.00+118.87 523.92+137.32
482.44+123.15 540.26+111.96 599.17+135.13
486.00+110.79 573.85+108.78 622.44+154.25
529.62+102.05 597.12+88.24 618.04+126.86
586.40+143.30 623.13+110.25 690.02+148.19
645.79+128.04 714.51+128.74 756.84+156.52
609.79+103.43 672.99+114.92 728.80+143.04
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p<.001)
4-1

(F=7.54, p<.01)
DCD

(F=28.30, p<.001) (F=25.15, p<.001)
DCD

(F=102.53, p<.001)
(F=129.00, p<.001) (F=140.10, p<.001)
(F=102.15, p<.001)

369.73ms 428.97ms) (
465.80ms 550.69ms)
( 607.39ms
688.12ms) 4-2
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DCD

4-10
DCD
(44
4-10
Table tennis Normal DCD
(N=40) (N=40) (N=40)
64.94+58.01 95.79+49.30 116.64+89.10°%
68.15+38.83 104.55+43.16" 126.39+71.94°
66.55 100.17 121.52
81.31+49.87 124.69+87.90° 142.63+80.77%
78.97+45.21 144.14+77.98° 158.61+88.04%
80.14 134.42 150.62
19.15+10.28 22.20+13.28 23.83+12.73
a: p .01 p .001 (DCD Table tennis

) ;b: p .05(Normal Table tennis )
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TVPS-R
COVAT

4-4-1

4-11
(r=-.16, p=.078)



4-12
(r=.12, p=.47)

4-4-2 (IRT)
(1 RT)
IRT IRT IRT IRT
4-11
IRT IRT
(r=.22, p=.016)
IRT (r=.33,
p<.001) IRT
(r=.29, p=.001) |RT
(r=.32, p<.001) IRT(r=.22,
p=.017) IRT(r=.19, p=.036)
IRT

4-11
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p=.11)

4-12
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(1

RT)

IRT

(r

.15,



4- 11 (N=120)

1 .418** ,502%* .809** -.078 -.078  .104 .094  .217* .191* .176
1 .389%* .810** -.146 .023  .114 .305** .398%* .314** .377**

1 741%* -.166 -.022  .141 .079  .109  .146  .160
1 161 -.030  .149 .219* .329%* .289** ,318%*

1 .703%*-.114 -.081 -.125 -.161 -.143

1 014 -.128 -.169 -.148 -.130
1 .205% 140  .329%* .326%*
IRT 1 .633%* .480** .465%*
IRT 1 .494** 536**
IRT 1 .600* *

IRT L

*p<.05 **p<.01
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4- 12 (N=40)

A. B c D E. F G H | J K
1 -.240 .326* .783** .134 .126 -.133 -.076 .019  .067  .010
1 -.158 .237  .019 .031 064  .003 .167 -.101 -.112
1 636" * .017 .002 123 .076 -.163  .297 -.160
1 117 .111  -.010 -.020 .019  .140 -.123
1 .979%* -.053 -.139 .056  .004  .088
1 _.071 -.245 -.017 -.021  .038
1 190 .114  .192  .074
IRT 1 .524%* .573%* 098
IRT 1 545%* _401*
IRT 1 062
IRT 1

*p<.05 **p<.01
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TVPS-R
COVAT
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TVPS-R

DCD

Proteau(1992)
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DCD

Bonifacci(2004)

DCD (Lord &
Hulme, 1987; Murray, et al., 1990; Schoemaker, 2001; Van

Waelvelde, 2004) DCD
Normal
Schoemaker(2001)
DTVP-2 Waelvelde(2004) VMI
DTVP-2
VMI
TVPS-R

Tsai, Wilson, and Wu(2008)

9~10 TVPS-R
0.82 DCD 0.88
0.8 TVPS-R
TVPS-R
DCD Normal

2005 Tsai, et al., 2008
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DCD

24

(2008)

DCD

13.5

TVPS-R

2005 Tsai

Milner(1992)

How W hat
(Rosblad, 2002) TVPS-R
40
2005 403
DCD
51 18.5

Tsai  (2008) 1266
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DCD 178

Movement ABC test

40

DTVP-2 VMI
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Posner COVAT

COVAT (exogenous
orienting mode) (endogenous orienting mode)
COVAT
DCD
(Kibele, 2006) 1996

(Tenenbaum, et al.,

2000; Land & McLeod, 2000; Mori, et al., 2002; Panchuk &
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Vickers, 2006)
(Tenenbaum, et al., 1993;
Ando, Kida, & Oda, 2001; Shim, Miller, & Lutz, 2005)

Perchet and

Garcia-Larrea(2000) Posner paradigm

2001

2001 Barthelemy
& Boulinguez, 2002; Tsai, Yu, Chen, & Wu, 2009)
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Annett et al(1979)

Tsai (2009) DCD

DCD

(Simonen, et al., 1995; Kauranen,
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et al., 1996)

(2009)
240 trials

DCD

Vidal, Bonnet, & Macar(1991)

COVAT

(2006)

97

Tsal

Hagemann



(Posner, 1980) Invalid cue effect size

(Maruff, et al.,
1995; Tsai, et al., 2009; 2005)
Invalid cue effect size

DCD

Nakamoto(2008)

DCD

(Mori, et al., 2002)
DCD IRT
(Wilson,
Maruff, & McKenzie, 1997; Wilson & Maruff, 1999; Mandich,
Buckolz, & Polatako, 2003; Tsai, Yu, Chen, & Wu, 2009)
DCD TVPS-R
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240 trials 60

Tsai et al(2009)

COVAT

Fitts(1954) speed-accuracy trade-offs

Seya
et al.(2007)
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2005

Schoemaker(2001)

2005

100



101



DCD

COVAT
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7-8 11-12

TVPS-R
paradigm
COVAT
(1) catch trials
(2)
(3) session session

trials

103
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COVAT
(event-related potentials, ERP)

protocol
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2004

2006
8 1-15
1996
1996
9 4 81-88
1998
2006
2001
1 81-97
2003
35 117-126
2008
94 130-138
1997

2005
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2006
1997
7 4 40-45

2000

213-222
1986

2007

1992

2004

14 5 61-64

( ) 2007
G., 2001)

106

8

5

303-312

28

77-84

(Kamen,
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