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Development and evaluation of throwing pattérn in young children.

Kazuhiko NAKAMURA, Masashi MIYAMARU and Shinya KUNO*

Many studies on motor development in young children have been done with the quantitative data
obtained from motor performance test. To understand child’s-motor development, the development
of the actual motor pattern producing the performance should be investigated and evaluated more
closely.

The purposes of this study were to investigate the development of throwing pattern using an
observational method, and to test the reliability and objectivity of the observational evaluation of
throwing pattern in young children. ;

The subjects were 249 children (116 boys and 133 girls) from'3 to 5 years of age, and were asked
to throw a tennis ball for distance with maximam effort. Their throwing motion was recorded by a
video camera and was evaluated by the observational evaluation method using 15 motion categories
prepared beforehand. Then, the reliability of the observational evaluation method was tested by
comparison between both scores of the evaluation of the first and second trials of throwing in each
subject. And the objectivity of this method was tested by comparison between both scores of the
evaluation obtained by the scale attempted and 8 nursery school teachers.

The results were summarized as follows ;

1) The results of motion analysis revealed that five typial throwing patterns were observed in young
children, and that the throwing pattern developed along with age from the immature pattern 1 to more
mature pattern 5 progressively(Fig. 1 and Fig. 2). o

2 ) In this developmental process, the throwing pattern was superior in the boys to that of the girls,
and there was a significant sex difference (p<0.01) in throwing pattern at the age of 4 and 5 years.

3) There was a significant positive correlation between age in months and throwing pattern
development (boys: r=0.485, p<0.01, girls: r=0.355, p<0.01). However, there was remarkable
individual difference of throwing pattern within young children which were on the same level in
throwing performance. These results suggested that the observational evaluation was available for
understanding the development of throwing.

4) The first and second trials of throwing in each subject were compared. The ratio of agreement
between the first and second evaluations was significantly high (88.49%). The results suggested that the
observational method was applicable for the evaluation of throwing and there was high reliability in
this method.

5) The throwing patterns of 52 selected children were evaluated by 8 nursery school teachers using
the observational method. The ratio of agreement and the coefficients of correlation between both
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scores obtained by the, scale attemped and each nursery school teacher were significantly high (ratio

of agreement=89.2%, r=0.933). These results indicated that objectivity of the observational method

was high and applicable for the evaluation of the development in throwing pattern of young children.
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Molion calegory

<Arn action)>

. Throw with the forearm extention only.

. Arm swings above the head.

. Shoulder twists backward and rotates with the arm swing.
« Arm swings with the whipping motion.

. Arm swings with the follow-through.

. Arm winds up in preparatory phase.

D W N —

<Leg action)
T. Feet remain stationary in place.
8. Steps forward with the leg on same side as throwing arm.
9. Steps forward with the leg on opposite side from
throwing arm.
10. Lifts the leg on opposite side from throwing arm.

CTrunk action)

11. Trunk remains facing the direction of throwing.

12, Trunk twists backward and rotates with the arm swing.
13. Hip twists backward and rotates with the stepping.

<Body weight transfer>

14. No body weight transfer.

15. Body weight shifts entirely from the rear faat to
the front foot.

Fig. 1
categories.
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Table 1 Physical characteristics of the subjects

n Mean age Boday height Boday weight
(cm) (kg)

{months)
Boy 26 41.3% 6.4 96.0+4.4 15.0+1.6
3-years-old = Girl 37 43.1% 3.8 95.1+3.9 14.5£1.5
Total 63 42.4% 5.1 95.5%4.1 14.7+£1.6
Boy 41 57.2+ 3.4 104.64.8 18.4+4.0
4-years-old Girl 42 56.6%+ 3.7 102.5+4.6 17.0+2.7
: Total 83 56.9+ 3.5 103.5+4.8 17.7£3.5
Boy 49 68.4%+ 3.4 111.0+4.4 19.9+2.7
5-years-old Girl 54 68.3+ 3.4 110.5x4.6 20.0+£2.8
Total 103 68.4+ 3.4 110.7+4.6 20.0+2.8
Boy 116 58.4+11.2 105.4+7.3 18.3+3.6
Total Girl 133 57.6+10.9 103.747.7 17.5+3.4
Total 249 58.0+11.1 104.5+7.6 17.9+3.5
Values are means+SD.
Category Malor Scare
fumber pattern
Pattern 1
(1or2) 7 @ ° Q,& 1
14 ﬁ
Paltern 2
2@ 7 12
14 y 2
234@®12
(140115 3
paltern 4
234509 s
1213 15 4
9
pattern 5
234589
1012 13 15 5

O: key calegory

Five typical throwing patterns in young children classified by 15 motion
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Table 2 Means and standard deviations of throw-
ing pattern score and throwing distance
related to age and sex.

Throwing pattern score Throwing distance(m)
M+SD  sex-dif M+SD  sex-dif.

Boy 2.54+0.97 4.00+1.84
3-years-old . *
Girl 2.14%1.02 3.01+1.24

4-years-old Boy 3.5440.94 * % 7.51+2.98 -
y Girl 2.86%0.86 5.41+1.80

Boy 3.94+0.94 10.09+3.71
5-years-old N * % * %
Girl 3.07+0.81 6.52+1.82

B .48+1. .82+3.
Total ?y 3.48+1.09 * % 7.82+3.90 .
Girl 2.74+0.97 5.19+2.20

* . p<0.05 %% :p<0.01
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Fig.2 Relationship between age in months

and throwing pattern score.

Table 3 Distribution of five throwing patterns related to age and sex, and means and standard diviations
of age in months and throwing distance related to throwing pattern.

Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5
(%) (%) (%) (%) (%)
3-years-old 4( 15) 9(35) 8(31) 5(19)
B 4-years-old 8(20) 8(20) 20(49) 5(12)
oy 5-years-old 6(12) 5(10) 24(49) 14(29)
Total 40 3) 23(20) 21(18) 49(42) 19(16)
3-years-old 13(35) 10(27) 10(27) 4(11)
Girl 4-years-old 2( 5) 13(31) 16(38) 11(26)
5-years-old 1( 2) 13(24) 21(39) 19(35)
Total 16(12) 36(27) 47(35) 34(26)
Mean age (months) Boy 34.3£7.1  55.0+49.5  53.0£13.2  61.6%48.4  65.245.7
ean age Girl 45.848.0  57.7+10.3  59.0+10.2  61.2+9.4
Throwing distance (m) Boy 2.541.5  5.2+1.4 5.542.7 9.043.6  11.8%3.1
rowing ce Girl 2.941.1  4.8%1.8 5.242.2 6.6+1.9

Value are means + SD.
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Fig.5 Distribution the throwing pattern score obtained by the scale attemped and
each nursery school teacher.

Table 4 Means and standard deviations of the throwing pattern score obtained by the scale
attemped and each nursery school teacher, and the ratios of agreement and coefficients
of corelations between both results of the scale attempted and each nursery school

teacher.
Scale Nursery school teacher
attempted 1 2 3 4 5 6 7 8 Mean
Mean of scores 3.115 3.038 3.135 3.038 3.019 3.173 2.962 3.019 3.019 3.050
Standard deviation 1.138 1.0565 1.127 1.109 1.135 1.122 1.126 1.152 1.135 1.120
Ratio of agreement 838.5% 90.4% 90.4% 88.5% 90.4% 84.6% 90.4% 90.4% 89.2%
Cocflicient of 0.900%* 0.963** 0.942** 0.937** 0.964** 0.904** 0.923** 0.922** 0.933**
**: p<0.01
Table 5 Results of analysis of variance for objectivity of
the observational evaluation.
Sum of square I?ffgéggrgf Mean square F-value P
Subjects 483.815 51 9.487 88.346 <0.005
Observers 1.791 7 0.256 2.382 >0.01
Standard error 38.334 357 0.107
Total 523.940 415 1.263
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Table 6 Tentative norm for the observa-
tional evaluation of the throwing
pattern development related to age

and sex.
Developmental Boy Girls
eve Throwmg pattern Throwing pattern
Poor Pattern 1 Pattern 1
3-years old  Average Pattern 2,3 Pattern 2,3
Good Pattern 4,5 Pattern 4,5
Poor Pattern 1,2 Pattern 1,2
4_years-old Avgrage Pattern 3,4 Pattern 3
Good Pattern 5 Pattern 4,5
Poor Pattern 1,2,3 Pattern 1,2
5_years-old  Average Pattern 4 Pattern 3,4
Good Pattern 5 Pattern 5
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