THE DEVELOPMENT EFFECTS OF
THROWING CONTROL FOR CHILDREN
UNDER VISUAL GUIDANCE.
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ABSTRACT

The purpose of this study manipulated the variable of visual guidance, the effect of affordance, to
investigate the age difference of kinematical characteristics for overarm throwing in children. Eight
volunteer and right-handed boys for each age group (5-, 7-, 9-, and 11-year-old) served as
participants in this study. Participants were asked to sit on the bench with legs straightly and to
perform overarm throwing forcefully following the sequence of without and with visual guidance. Two
high speed cameras (Redlake Motion Scope 1000, 250Hz) and the three-dimensional analysis
system (SIMI version 7.0) were used to record and to digitize the throwing movements respectively.
Mixed-design two-way ANOVA and Duncan'’s test were adopted to analyze the statistical differences
for developmental and the effect of visual guidance throwing with an alpha level of .05. The results
showed the larger children threw that ball far (F(3, 28) = 22.54, p < .05, n°= .71, power = 1.00). The
main effect showed throwing with visual guidance (7.85 + 2.76 m) was significant far than throwing
without visual guidance (7.28 £ 2.81 m) (p < .05). The vertical velocity of release for throwing with
visual guidance (3.44 + 1.57 m/sec) was faster significantly than throwing without visual guidance
(3.05 £ 1.53 m/sec), and the angle of release for throwing with visual guidance (17 + 13 deg) was
also higher significantly than throwing without visual guidance (11 + 16 deg). The angular velocity of
release on wrist for 11-year-old children (1038 + 497 deg/sec) was higher significantly than 5-year-old
(147 + 637 deg/sec) under the condition of visual guidance. The maximal angular velocity (F(3, 56) =
3.59, p < .05) and angular velocity of release (F(3, 56) = 7.54, p < .05) on elbow were both showed
age difference significantly. The angular velocity on elbow for late children was lager than middle
children under the condition of visual guidance. For the group of 11-year-old, not only the angular
velocity of release on wrist under the condition of visual guidance (1038 + 497 deg/sec) was higher
than the condition of without visual guidance (542 + 752 deg/sec). But also the angular velocity of
release on elbow under the condition of visual guidance (1186 + 273 deg/sec) was higher than the
condition of without visual guidance (864 + 257 deg/sec). This study indicated that the effect of
affordance, visual guidance, enhanced the performance of the throwing distance in the cause of
vertical velocity of release to increase the angle of release. Under the condition of visual guidance,
the pattern of throwing control on elbow was influenced before release. And there were age
difference significantly on wrist and elbow at the moment of release. The angular velocity on wrist
and elbow were increasing for 11-year-old children, but these were inconsistent for 5- to 9-year-old.
From the aspect of the dynamical systems, the behavior of the development of throwing was
constrained through the difference of task to process the effect of affordance positively.
Keywords: age difference, dynamic systems, motor development, affordanc
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SS df MS F n power
323.36 107.79 22.45* .71 1.00
134.44 28 4.80
5.31 5.31 7.83* .22 77
x 5.16 1.72 2.54 .21 .56
18.97 28 0.68
135.24 45.01 13.98* .60 1.00
90.28 28 3.22
7.23 7.23 0.01 .00 .05
x 0.29 9.55 0.18 .02 .08
14.99 28 0.54
122.00 3 40.67 15.72* .63 1.00
72.42 28 2.59
0.00 0.00 0.15 .01 .07
X 0.40 0.13 0.34 .04 11
10.80 28 0.39

*p<.05
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SS df MS F n? power

100.61 3 33.54 8.64* .48 .98
108.64 28 3.88

0.00 0.00 0.00 .00 .05

x 1.14 0.38 0.51 .51 .14
21.03 28 0.75

72.77 3 24.26 8.42* .47 .99
80.62 28 2.88

0.23 1 0.23 0.33 .01 .09

X 0.91 0.30 0.45 .05 .13
18.92 28 0.68

80.32 3 26.77 12.84* .48 1.00
58.40 28 2.09

2.39 2.39 6.91* .20 .72

x 0.69 0.23 0.66 .07 17
9.69 28 0.35

157.62 3 52.54 9.61* .51 .99
153.15 28 5.47

14.58 1 14.58 8.51* .23 .80

x 4.35 3 1.45 0.85 .08 .21
47.97 28 1.71

*p<.05
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10

SS df M S F n° power

1132676.76 377558.92 1.56 .22 .37
6779318.86 28 242118.53

219.00 219.00 0.00 .00 .05

x 155211.42 51737.14 0.71 .07 .18
2043432.57 28 72979.74

4891947.06 3 1630649.02 3.09 .25 .66
14756226.41 28 527008.09

330915.58 330915.58 3.81 .12 .47

x 820034.36 273344.79 3.14* .25 .67
2434117.11 28 86932.75

530392.04 3 173464.01 0.80 .08 .20
x 6043470.19 28 215838.22
3067361.66 28 109548.63

*p<.05
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11

Ss df MS F

b1 2521535.60 3 840511.88 2.43

b2 3190445.90 3 1063481.94 3.96*
17190343.62 56 306970.42

al 5 132303.33 1 132303.33 1.87

a2 7 36464.77 1 36464.77 0.61

a3 9 175.17 1 175.17 .00

a4 11 982006.68 1 982006.68 6.21*
2434117.11 28 86932.75

*p<.05

72



12

SS df MS F n? power

263286.49 87762.16 .01 .18 .46
1219906.42 28 43568.09

3172.22 3172.22 0.19 .01 .07

x 172574.86 57524.95 3.42* .27 .71
471362.71 28 16834.38

1048625.68 3 349541.89 .86 .29 .76
2534709.07 28 90525.32

70909.70 1 70909.70 2.52 .08 .34

X 464586.47 3 154862.16 5.50* .37 .90
788853.31 28 28173.33

3009448.47 3 1003149.49 .94* .52 1.00
2825472.22 28 100909.72

89489.23 1 89489.23 .04 .13 .49

X 68494.67 3 22831.56 1.03 .10 .25
620419.47 28 22157.84

*p<.05
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13

Ss df MS F
b1 44767.46 3 14922.49 0.62
b2 391093.89 3 130364.63 3.59%
1691269.13 56 30201.23
al 5 11524.56 1 11524.56 0.75
a2 7 44337.62 1 44337.62 2.08
a3 9 9737.25 1 9737.25 1.50
a4 11 110147.65 1 110147.65 4.56
471362.71 28 16834.38
*p<.05
14
SS df MS F
b1 393781.95 3 131260.65 1.90
b2 1119430.20 3 373143.40 7.54%
3323562.38 56 59349.33
al 5 2435.67 1 2435.67 0.05
a2 7 96753.66 1 96753.66 3.12
a3 9 22893.20 1 22893.20 3.60
a4 11 413413.64 1 413413.64 13.69*
788853.31 28 28173.33
*p<.05
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15

SS df MS F n? power

110527.94 36842.65 .15 .19 .49
479518.45 28 17125.66

145.32 145.32 0.03 .00 .05

X 34624.07 11541.36 2.07 .18 .47
156341.51 28 5583.63

216775.99 72258.66 .56 .22 .57
791584.51 28 28270.88

23716.00 23716.00 .34 .05 .20

x 53016.31 17672.10 .00 .10 .24
496973.65 28 17749.06

20948.18 6982.73 .19 .02 .08
1011597.50 28 36128.48

1026.16 1 1026.16 0.15 .01 .07

x 11363.11 3 3787.70 0.54 .06 .15
196479.49 28 7017.13

*p<.05
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16

SS

df MS F n power
5034.31 3 1678.10 8.10* .47 .98
5803.63 28 207.27
625.00 1 625.00 7.72* .22 77
X 120.88 3 40.29 0.50 .05 .14
2268.13 28 81.00

*p<.05
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17

2

SS df MS F n power
0.0497 0.0166 4.51* .33 .97
0.1030 28 0.0037

0.0006 0.0006 0.48 .02 .10
0.0043 0.0014 1.10 11 .27
0.0365 28 0.0013

0.0280 0.0093 1.78 .16 41
0.1460 28 0.0052

0.0030 0.0030 1.20 .04 .18
0.0081 0.0027 1.06 .10 .26
0.0710 28 0.0025

0.0082 0.0027 2.76 .23 .60
0.0278 28 0.0099

0.0027 0.0027 1.20 11 .43
0.0012 0.0004 1.06 .05 .14
0.0223 28 0.0008

0.0327 0.0109 1.41 .13 .33
0.2160 28 0.0077

0.0000 0.0000 0.00 .00 .05
0.0068 0.0023 0.57 .06 .15
0.1120 28 0.0040

*p<.05
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