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Development and Evaluation of Forward Rolling
Pattern in Young Children.

Kazuhiko NAKAMURA, Masashi MIYAMARU, Tatsuhiko TOMITA

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

459 numbers of children (232 boys and 227 girls) between the age of 3 and 5 were asked to roll
forward on a mat. Their rolling motion was recorded by a video camera and classified into five typical
rolling patterns by the observational evaluation method based on 12 motion categories. Reliability of
the observational evaluation method was tested by comparison between both scores of the evaluation
of the first and second trials of rolling in each subject. Objectivity of this method was also tested by
comparison between both scores of the evaluation obtained by the scale attempted and eight nursery
school teachers.

Results were summarized as follows;

1) Through the motion analysis, the rolling p:ittern developed along with age from the immature

pattern 1 to more mature pattern 5 progressively.

2) There was a significant positive correlation between age in months and forward rolling pattern

development (bbys:r:O.GOS, girlsir=0.579). However, remarkable defference of rolling pattern was

found within young children which were on the same age.

3) The ratio of the agreement and the coefficients of correlation between the first and the second

evaluations was significantly high (ratio of agreement=284.5%, r=0.926). The results suggested that

reliability of the observational method was high.

4) The forward rolling patterns of 52 selected children were evaluated by eight nursery school

teachers using the observational method. The ratio of agreement and the coefficients of correlation

between both scores obtained by the scale attemped and eight nursery school teachers were signifi-

cantly high (ratio of agreement=95.2%, r=0.979). And the results of analysis of variance indicated
that objectiviy of the observational method was high.

" 5) These results suggested that observational method was applicable for the evaluation of the

development in forward rolling pattern of young children.
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Table 1 Physical characterisics of the subjects.

Mean age  Body height
(months) (cm) (kg)

n

Body weight

3-years-old Boy 57 42.1+5.8 96.9+4.3 14.9£1.5
Girl 51 43.3+4.6 95.1+4.2 14.5+1.7
4-years-old Boy 82 56.94+3.2 104.7+4.6 17.8_i3,3
Girl 79 56.2+3.8 102.7+4.3 16.8%+2.4
5-years-old Boy 93 69.0+3.4 111.2+5.0 20.2%£3.7
Girl 97 68.4+3.4 109.7+4.6 19.2+2.5
Total Boy 232 58.1%11.3 105.4%7.3  18.1+3.8
Girl 227 58.5+10.5 104.0+7.2  17.3%2.9

Values are means=*SD.
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MOTION CATEGORY CATEGORY MOTOR SCORE
NUMBER PATTERN
CAxis) Pattern 1
1. Cannot roll forward about transverse axis. ® 5 9 1
2. After rolling forward ahout transverse axis, relling action
break off at the phase on lhe back.
3. After rolling forward about transverse axis, body rises wilh
twisting about Jongiludinal axis.
4. Throughout the aclion, can roll forward smoothly about @ 5 9
transverse axis.
<Arms and legs aclion) Pattern 3
5. Hips separate from the mat hy one hand or elbow push-off. @ 5 (10 or 11) =
6. Body are extended when pelvis fouches the mat, and hips separate % %%W&

from the mat flexing hip and knee joints by arms push-off.

7. Body are flexed when pelvis touches lhe mat, and hips separale
from the mat by arms push-off.

8. Wips separate from Lhe mat wilhoub arms push-off.

<Trunk action)
9. Trunk collapse to side, or back and hips contact mat
sim) taneously.
10. Shoulders remain on mat until lowerback contacts wat.
11. Shoulders remain on mat until midback contacts mab.
12. Sequential loss of contact with mat.

Pattern 4

@ 6 (10 or 11) i
1 (@ or @)
(1L or 12) S5

Q-+ Key calegory

Fig. 1 Five typical forward rolling patterns in young children classified by

using 12 motion categories.
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Fig. 2 Percent of occurrence for the five forward rolling patterns.
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Table 2 Means and standard deviations of forward rolling pattern
score and motion time in forward rolling related to age and
Sex.
Forward rolling Motion time in for-
pattern score ward rollig (sec.)
M=SD age-dif. M=SD age-dif.
3-years-old 2.28+0.94 4.33£2.44
% ok * %
Boy 4-years-old 3.4440.96 2.5041.30
# ok *
5-years-old 4.06%£0.93 2.08+0.77
3-years-old 2.414+1.02 3.88+1.48
* % * %
Girl 4-years-old 3.544+1.04 2.61+0.84
* % % ok
5-years-old 4.07+0.86 2.23£0.71
Total Boy 3.41+1.17 2.78+1.76
Girl 3.52+1.15 2.73:£1.16

% 1 P<0.05 %% :P<0.01
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Table 3 Means and standard deviations of age in months and
motion time in forward rolling related to five rolling
patterns.

Mean age Motion time in for-
(months) ward rolling (sec.)
M=SD pattern-dif. M=SD pattern-dif.
Pattern 1 39.14%9.65 6.341+2.96 -
Pattern 2 50.55+10.89 % 4.36+2.08 o
Boy Pattern 3 57.26+9.85 % 2.6110.82 " %
Pattern 4  61.501+8.13 * % 2.06+0.53 e 5
Pattern 5 66.40£6.40 1.70+0.51
Pattern 1 43.00+7.73 4.34+1.29
Pattern 2 48.56+9.14 * % 4.14+1.48 s
Girl Pattern 3 58.08+9.82 2.81+0.71 %
Pattern 4  61.04+8.23 5 2.42+0.71 %
Pattern 5  65.281+6.68 1.83%0.46"
% 1 P<0.05 %% :P<0.01
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Fig. 3 Relationship between age in months and
forward rolling pattern score.
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Fig. 6 Distribution of forward rolling pattern score obtained by the scale attempted

and eight nursery school teachers.
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Means and standard deviations of the forward rolling pattern score obtained by the

scale attempted and eight nursery school teachers, and the ratios of agreement and
coefficients of corelations between both results of the scale attempted and eight

nursery school teachers.

Nursery school teacher

Scale
attempted 1 2 3 4 5 6 7 8 Mean

Mean of scores 3.346 3.365 3.385 3.385 3.365 3.327 3.404 3.404 3.404 3.380
Standard deviation 1.343 1.301 1.332 1.361 1.345 1.355 1.334 1.362 1.362 1.344
Ratio of agreement 92.3% 98.1% 92.3% 98.1% 96.2% 96.2% 94.2% 94.2% 95.2%
Coefficient of

octIerent 0 0.962%%* 0.979%*% 0.979%** 0.995*** 0,974*** 0.974*** 0.985*** 0.985%** 0,979**
correlation

* %k k [ P <0.001
, Table 5 Results of analysis of variance for objectivity of
the observational evaluation.
Sum of square Degree of Mean F-value P
freedom square
Subjects 730.608 51 14.326 242.814  <0.001
Observers 0.262 7 0.037 0.627 >0.05
Standard error 21.117 357 0.059
Total 751.987 415 1.812
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