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Multi-Step Factor Analysis;
A New Procedure for Hierarchical
Factor Solution and/or Hierarchical
Classification of Variables

Yoshiyuki MATSUURA

Introduction

Hierarchical model of motor ability structure was proposed by author in his doctoral dissertation;
“Factorial Structure of Motor Ability (1969)” ** and he presented the hierarchical structure of motor
ability with Schmid and Leiman technique. There are several approaches to the hierarchical factor -
structure at present; that is, Bi-factor solution developed by Holzinger and Swine (1937)*3, Subdivided
factor developed by Burt (1949)*!, and Schmid and Leiman procedure (1957)*%, and ROTHIST
technique by Zavala (1971)*!°. The first three techniques, however, are based upon dividing variance
and covariance into several factors which are hierarchically structured and arranged in terms of factorial
complexity. And Bi-factor solution and Subdivided factor solution are classical one. It may be said that
they are already out of date, unless they are applied to obtain the initial solution to reach at the final
solution based upon some sort of strict analytical background; for instance, principal, image, Rao’s
canonical and so on. This may be because their mathematical backgrounds include some sort of arbitrary
assumptions. But this is not proper criticism, because some arbitrary judgements or empirical ones are
included in the processes of computation of such techniques as Principal, Image and Canonical solution.
However they have been based upon some strict mathematical theories. ROTHIST technique is quite
different in theoretical construction from the above mentioned techniques; Bi-factor, Subdivided, and
Schmid and Leiman. Technically this-is based on rotation technique. That is, if small number of factors
are rotated, the complexity of the rotated factors is rather large, while the large number of factors are
rotated, the rotated factors’s complexity is rather small, because the number of variables showing
significant loadings on the rotated factors are small. This is natural inference. Then, rotation of factors
will be repeated on such way that the number of factors is increased one by one, and then the
hierarchical arrangement of factors can be obtained in terms of factor complexity.

The Schmid and Leiman procedure is based on rather strict mathematical theory and oblique
solution. Suppose R be correlation matrix of order n, A, be the factor pattern matrix, and H; be the
correlation matrix of the extracted oblique factors. The correlation matrix ‘R can be decomposed as
follows;



R = AH; A (1)
Here H, is the correlation matrix, so H; can be factored again, and decomposed as follows, too;
H, =AH,A% 2

where A, is the factor pattern matrix and H, is the correlation matrix among the extracted factors from
H; . Therefore, in general, i th correlation matrix among the factors extracted by (i + 1)th application of
factor analysis is described as follows;

H; = A Hiv Ajey : 3

and this decomposition can be repeated until Hj is equal to identity matrix I. Therefore, finally H; can
be decomposed as

as Hy = Ay Al 4)
and also H,_; = AHA;, (5)
50 Hi_ | = AjAj Al A - ©

Then, put the right side of (6) into Hj.; in decomposition of Hj.,, and repeat this process up to R’s
decomposition of (1). After all, the following decomposition formula is induced;

R = AjAsAs...... AjAp A AL A5 AL A ™

Then the hierarchical factor pattern matrix is as follows;

F=AjAA;...... AjA ®

This is basic idea of herarchical factor solution eveloped by Schmid and Leiman, and actually, they took
the uniqueness into consideration on the process to reach the final hierarchical factor pattern matrix F.
F is the orthogonal factor pattern as shown in (7). This process is based on the mathematical background
but actually only a few orders of factors can be extracted. For instance, seventeen factors; one first order
factor, five second order, and elevan third order, were extracted from the (31 x 31) correlation matrix in
Matsuura’s factor analytic study (1969)**, and significant factor loadings tended to be rather small. As
long as Matsuura’s results investigated, the significant loadings on second order factors were rather low.
Although Schmid and Leiman procedures have mathematical rationale, it can not always produce an
elegant solution which has the practical meanings on the actually given data, just as other factoring
procedures even if they are based upon some strict mathematical background.

On the other hand, several kinds of cluster analytic procedures were developed for classfying many
categorical items into small groups of items. Many of these methods will try to classify the items by
relative proximity between items each other. The proximity is evaluated by correlation coefficient
and/or distance between them. For example, B-coefficient is one criterion variable for cluster analysis in
the case of correlation matrix given. B-coefficient is basically the ratio of mean of the correlation
coeficients between the variables which are assumed to belong to the same group of variables to the mean
of the correlation coeficients between the rest of variables. Then, judgement on whether the variable
belongs to a certain group or not is determined by a certain arbitrary value of decrease of B-coefficient
and also arbitrary amount of B-coefficient itself. This is one of classical way of variable classification.



Anyhow, cluster analysis is based on such kind of arbitrary judgement. The clustering procedure,
however, is useful and practical in various areas of study. The cluster analysis may give some sort of
qualitative classification of variables but does not give any clear-cut sketch on factorial structure or
domain structure. Then, author devised another procedure for hierarchical classification of variables and
also for giving some practical knowledge on ability structure from hierarchical structural point of view.
Therefore, the rationale for this procedure and its application to the actual data of motor ability will be
discussed in this paper.

Rationale and Algorithm of Multi-step Factor Solution

Suppose R be the correlation matrix of order n, A; be the rotated factor pattern matrix produced
by the first application of factor analysis and orthogonal rotation; that is, they are as follows;
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where r;; is communality or unity. -
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Ay is (n x m) matrix; n stands for number of variables and m for number of rotated factors. Then,
suppose Al; = (a11; 3125 A13f wee a54); factor loading vector of i th factor, and let Aj; be a vector
whose elements are the significant and useful loadings for interpreting i th factor and the number of its
elements be g; (q; <n); that is, usually q; is much less than n. Then, if only significant and useful
loadings are described as elements of A’1 , A’1 will .be written as follows;



* Xk X ¥ ¥ %

A,

* X ¥ X ¥

¥R X X ¥ ¥ %

where * stands for s1gn1f1cant useful loading.

Then, the variables which show significant and useful loadings on the i th factor may be reasonably
considered as one group of variables which may have a common characteristics or common domain of
variance. Let R, be a correlation matrix whose elements are correlations between the variables of i th
set in q sets of variables. Then, R;; be factored and let A,; (q; x q;) be the resulted rotated factor
pattern matrix;

* ¥ X ¥ %

* % ¥ %

* ¥ ¥ %

q;

Then, the variables which show significant and useful loadings for interpretation of i th factor of Ry;
may be reasonably considered as one group of variables whose elements may have a common domain of
variance of q; variables. Therefore, the g; variables in n variables can be classified into qj sets of variables
by the second application of factor analysis. Such repetition of factoring R,; whose order decreases as



the factor analysis is repeated. This process of factor analysis must be repeated until only one factor can
be extracted or the number of variables of a certain set is one or two. Thus, each of q sets of variables
must be factored up to the criterion mentioned above. Finally the following step-wise variable structure
will be resulted. (Fig. 1)
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Fig. 1 Model of step-wise hierarchical
arrangement of significant factor
loadings
* stands for significant loadings.

The complexity of factors decreases as the factoring step goes up, because the number of variables which
show significant and useful loadings on each factor decreases.



Application of Multi-step Factor Analysis to Investigate
the Hierarchical Structure of Chlldren s Ball Handlmg Skills

) Sample and method

275 kindergarten children were tested with 24 performance test items of ball handling skill. The

sample size is shown in Table 1. These items were devised to investigage the children’s ball handling skill

with such premise as the motor ability of children, particularly, the pre-school aged, is quite different in

its nature from that of children older than 9 or so, such that their motbr ability should be measured by

how safely and/or well they can perform the physical movement as test but not by makmg use of some

metrical scale; e.g, CGS unit, on their performance results.
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Table 1. Sample Size

Age 3 4 5 6 Total
Boy 16 60 46 10 132 .
Girl 18 58 54 13 143 -
Total 34 118 100 23 275

The used 24 test performances were as follows;

. Catching the rolling ball with hand; ball is rolled from 5 m apart from the catching position and

tennis ball (hard) used.

Catching the rolling ball with hand; same situation but softball used.

Catching the rolling ball with both hands; same situation and tennis ball (hard) used.

Catching the rolling ball with hands; same situation but softball used.

Rolling the ball for accuracy; roll the ball for an aim (50 cm x 50 ¢cm square) 5 m apart from testee
and tennis ball (hard) used.

Rolling the ball for accuracy; roll the ball for an aim (50 cm x 50 cm square) 5 m apart from testee
and softball used.

Striking the rolling ball with dominant hand; 2 m apart and tennis ball used.

. Striking the rolling ball with hand 2 m apart and Mari (20 c¢m in diameter) used. _
. Place kick for accuracy; kick the placed ball to an aim (50 cm x 50 cm square) 3 m apart from

kicking position and dodge ball used.

Place kick for accuracy; kick the placed ball to an aim (50 cm x 50 cm square) 4 m apart from
kicking position and dodge ball used. , :

Place kick for accuracy; kick the placed ball to an aim 5 m apart from kicking position and dodge
ball used.

Kick the rolling ball; kick the ball rolling from front for an aim (50 cm x 50 cm square) 3 m apart
from kicking position and dodge ball used. ’

Kick the rolling ball; kick the ball rolling from side (right) for an dim 3 m apart from kicking posi-
tion and dodge ball used.

Catching the bouncing ball; catch the ball bouncing at 1.5 m ahead of testee and dodge ball used.
Throwing for accuracy; throw the ball to an aim (40 cm diameter-circle, altitude 100 cm from floor
to center of circle) from throwing position and tennis ball (hard) used. -



16. Throwing for accuracy; same situation except that the distance to aim was 3 m.

17. Throwing for accuracy; same situation except that the distance to aim was 4 m.

18. Throwing for accuracy; same situation except that the distance to aim was 5 m.

19, 20, 21, and 22 are same to 15, 16, 17, and 18 respectively but Mari (20 ¢cm in diameter) used.

23. Catching the flying ball; catch the ball flying from the place 3 m apart from catching position and
tennis ball used.

24, Catching the flying ball; same situation but Mari used.

The number written at the head of each item description corresponds to the item number appeared'
in several tables shown later. These items were tested on such way that 10 trials were permitted to every
child and the number of successful trials was counted as score. Then, the means and standard deviations
were computed and they are shown in Table 2. Then, the intercorrelations were approximated with

‘Table 2. Mean and Standard Deviation all ages pooled

Item Boy Girl

Mean S.D. Mean S.D.

1 8.08 1.98 7.98 2.00
2 8.53 1.68 8.19 1.90
3 8.14 1.79 , 8.41 1.60
4 8.80 1.43 9.01 1.30
5 2.90 1.48 2.54 1.32
6 2.91 1.48 : 2.60 1.25
7 8.82 1.57 8.70 1.52
8 9.94 1.52 9.37 .99
9 3.08 1.64 2.69 1.32
10 2.49 1.30 2.24 1.15
11 2.30 1.32 1.97 1.12
12 2.15 1.51 2.03 1.63
13 1.88 1.10 191 1.31
14 8.00 1.98 8.15 1.98
15 3.58 1.90 2.65 1.63
16 2.23 1.65 1.59 97
17 1.49 79 1.32 72
18 1.44 80 1.00 .00
19 2.42 1.51 2.52 1.63
20 1.63 1.02 1.56 87
21 1.94 1.48 1.54 69
22 121 43 1.60 .89
23 3.50 2.39 3.19 2.11
24 4.22 2.42 4.96 2.77

S 132 143

Pearson coefficients because most of Pearson correlation coefficients were larger than the ones which
were computed with non-parametric method; contingency coefficient using (10 x 10) contingency table.



The correlation matrix of order 24 is shown in Table 3. According to the algorithm of multi-step factor
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analysis mentioned in the preceding section, principal factor analysis with the estimated communalities
of unity and the orthogonal rotation with Normal Varimax criterion were used on every step of factor-
ing. The factor extraction was continued until 80% of total variance could be explained with the factors
extracted and the criterion value of significancy and usability for factor interpretation was determined
0.40. These two values were determined empirically according to the comparison of the results that were
induced with 9 pairs of values; 90%, 80% and 70%, and 0.3, 0.4 and 0.5 for degree of contribution and
factor significancy criterion respectively. The judegement criterion for these comparisons was based
upon which pair of these two values can explain the factorial structure more simplly and elegantly.

(2) Results
2-1.The first step of factor analysis.

Eleven factors were extracted and rotated, but 6 factors of them showed more than one of loading
which was significant and usable for interpretation; larger than 0.4, and the-amount of contribution of
these 6 factors is shown in Table 4. Thus, 75.03% of total variance can be explained by them. The 24

Table 4. Results by First Step of Factor Analysis

Factor Amount of Cont. Degree of Cont. Item No. Showing
Loading Over .4
. 28. 4 1,2,3,4,5,6,7,8,
F1 6 80857‘ 36904 % 91213 14
, 96925 15,16,17, 18, 19,
F2 5.75262 23.96 20 21
F3 1.52004 6.33350 13,22
F4 1.18867 4.95279 10, 11
F5 87191 ) 3.63295 23,24
F6 1.86466 . 7.76941 15,16, 17
i Total 18.00647 75.02666 %

test items were grouped into 6 by the first application of factor analysis. The 5 factors of 6 were
interpreted as follows;
1. Rolling and/or bouncing ball handling skill.

2, General throwing skill for accuracy.
3. Uninterpretable.

4. Ball kicking skill.

5.

Flying ball catching skill.

6. Throwing skill for accuracy, connecting with catching skill.
Thus, factor 1 and. 2 and 6; that is, “rolling and/or bouncing ball handling skill”, “general throwing skill
for accuracy”, and “throwihg skill for accuracy, connecting with catching skill”” seem to be able to be

factored again, because the number of variables which show significant and usable loadings are more
than two.

2-2. The multi-step of factor analysis of these three variable groups
Factor 1; Rolling and/or bouncing ball handling skill.



The correlation matrix among variables showing significant and usable for factor 1 is shown in Table
5. The principal factor technique and orthogonal rotation with Normal Varimax criterion were applied to
this correlation matrix, and 7 factors were extracted and 5 factors showed more than one of loadings
over 0.4. These factors are shown in Table 6. Thus, factor 1-2, 1-3, 1-4, and 1-5 can not be factored any
more and then, the correlation matrix among variables showing significant loadings on factor 1-1; shown
in Table 6, is shown in Table 7, and the results are shown in Table 8.

Table 5. Correlation Matrix of Variables Showing Significant Loadings on F1

[L.00000  0.40514 036229 0.30697  0.06931 0.08192  0.22383  0.24397  0.02972 -0.09948  0.00454 0.3191]

[N

0.40514  1.00000 030529 0.39603  0.13005 0.12131  0.23679 029515 0.05706 0.07245 0.21537 0.24016
3| 036229 030529  1.00000 0.44333 021302 0.18117 0.24103  0.36466  0.05593 -0.11034  0.06735 0.28324
4 | 030697 0.39603 044333 1.00000 0.19969 0.18593 0.25116 0.41339  0.13255 0.03445 -0.02541 0.23743
5| 006931 0.13005 021302 0.19969  1.00000 0.34590 0.21457 0.19413 0.09872 -0.03920 0.15295 0.12756
6 | 0.08192 0.12131 0.18117 0.18593 034590 1.00000 0.04033 0.08134 0.17167 0.01294 0.15429  0.10930
7 | 022383 023679 0.24103 0.25116 0.21457 0.04033  1.00000 048825 0.15464 001331 001457 0.29923
8 | 024397 029515 036466 041339 0.19413 0.08134 048825 1.00000 0.17056 0.04646 0.11873  0.31249
9 | 0.02972 0.05806 0.05593 0.13255 0.09872 0.17167 0.15464 0.17056  1.00000 0.13612  0.02829  0.09600
12 | -0.09948  0.07245 -0.11034  0.03445 -0.03920 0.01294 0.01331 0.04646 0.13612  1.00000 0.08906 0.04721
13 | 0.00454 021537 0.06735 -0.02541 0.15295  0.15429 0.01457 0.11873 0.02829 0.08906  1.00000 0.10267
14 | 031911 0.24016 028324 0.23743  0.12756 0.10930  0.29923 031249  0.09600 0.04721  0.10267  1.00000
Note: The used item number; 1,2, 3,4,5,6,7,8,9 12, 13, 14

Table 6. Results by Second Step of Factor Analysis on F1

Factor Amount of Cont. Degree of Cont. Iﬁgg(lﬁljlg- 05‘2(;‘”122
F 1-1 3.82791 31.89925 % 1,2,3,4,7,8,14
F 12 1.32389 11.08341 13

F 13 .63434 5.28616 14

F 14 1.22099 10.74910 5,6

F 15 2.09611 17.46758 9,12

Total 9.10324 75.91189%

Table 7. Correlation Matrix

1 1.00000 0.40514 0.36229 0.30697 0.22383 0.24397 0.31911
2 0.40514 1.00000 0.30529 0.39603 0.23679 0.29515 0.24016
3 0.36229 0.30529 1.00000 0.44333 0.24103 0.36466 0.28324
4 0.30697 0.39603 0.44333 1.00000 0.25116 0.41339 0.23743
7 0.22383 0.23679 0.24103 0.25116 1.00000 0.48825 0.29923
8 0.24397 0.29515 0.36466 0.41339 0.48825 - 1.00000 0.31249
14 0.31911 0.24016 0.28324 0.23743 0.29923 0.31249 1.00000

Note: The used variable No.; 1, 2, 3,4, 7, 8, 14



Table 8. Results by Third Step of Factor Analysis on F 1-1

Factor Amount of Cont. Degree of Cont. Eg;raiﬁg'os‘giwfﬁg
F1-1-1 ) 2.36955 33.85071 % 1,2,3,4,8
F1-1-2 1.75242 25.03457 4,7,8

F1-1-3 1.19049 17.00700 8, 14

Total 5.31246 75.89228%

Table 9. Correlation Matrix

1 1.00000 0.40514 0.36229 0.30697 0.24397
2 0.40514 1.00000 0.30529 0.39603 0.29515
3 0.36229 0.30529 1.00000 0.44333 0.36466
4 0.30697 0.39603 0.44333 1.00000 0.41339
8 0.24397 0.29515 0.36466 - 041339 1.00000
Note: The used variable No.; 1, 2, 3,4, 8
Table 10. Results by Fourth Step of Factor Analysis on F1-1-1
Factor Amount of Cont. Degree of Cont. Item No. Showing
Loading Over .4

F1-1-1-1 - 1.11302 22.26040 % 3,8

F1-1-1-2 1.67253 . 33.45060 1,2

F1-1-1-3 1.11922 22.38440 4,8

Total 3.90477 78.09540 %

Then, the factor 1-1-1 and 1-1-2 may be factored again, so the correlation matrix among variables
1, 2, 3, 4 and 8 is shown in Table 9 and the results are shown in Table 10. Thereafter, any factor does
not have any possibility to be factored again, because each of the extracted and rotated factors has only
two significant variables. It was found that the variables 4, 7 and 8 had only one common factor through
application of factor analysis. Thus, the following hierarchical factorial structure may be resulted;

F1 F1-i F 1-i-j F 1-i-j-k
T T 3
2 2 &
1 4 4 1
2 e & 2
a4 44, D a>
5 ~ 7 &
g J3, 8
8 48 )
9 - = {4,
12 5
13 6
14 N
~— /E
12

(
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Then, these extracted factors can be interpreted as follows;

F1 ; Rolling and/or bouncing ball handling skill.

F1-1; Rolling ball handling skill.

F1-2; Kicking the rolling ball.

F1-3; Catching the bouncing ball.

F1-4; Rolling the ball for accuracy.

F1-5; Kicking the ball for accuracy; general.

F1-1-1; Catching the rolling ball.

F1-1-2; Striking the rolling ball.

F1-1-3; Catching the bouncing ball.

F1-1-1-1; Cathing the rolling ball with hands; tennis ball used.

F1-1-1-2; Catching the rolling ball with hand.

F1-1-1-3; Catching the rolling ball with hands; softball used.

F1-1-2-1; Striking the rolling ball; same to F1-1-2, because only one common factor could be extracted.
Therefore, the hierarchical structure system of rolling and/or bouncing ball handling skill may be

described in Fig. 2. Then, with the factor 2 extracted at the first step of factor analysis, the same

Ball with Hands;Tennis

(Catchinq the rolling
Ball )

(Catchinq the rolxing)

(Rolling Ball Handling ____( Catching the rolling) Ball with Hand

Skill Ball
Catching the rolling
Ball with Hands;Sotta
(Strikinq the rolling) ball
Ball

Ball,conncecting with

(CaCChing the bouncing
rolling ball handling)

(Rolllnq and/or Bouncing Kicking the rolling

Ball Handling Skill (Ball for Accuracy
\(Catching the bouncing
Ball )

Rolling the Ball for)
Accuracy

Kicking the Ball tcx)
Accuracy

Fig. 2 The hierarchical structure of the

rolling and/or bouncing ball

handling skill domain.
procedures were carried out. The data for inference on factor 2; 2nd group of variables, are as follows; in
Table 11 and 12. The Table 11 shows the correlation matrix among the variables which show significant
and usable loadings on F2-factor, and Table 12 shows the results with the factor analysis of 2nd step.
The correlation matrix factored at the third step of factor analysis on factor F2-1 is shown in Table 13
and the results are shown in Table 14.

It was found that both groups of variable 18, 20 and 21, and 15, 16 and 17 had not more than one

common factor, so no more factoring continued. According. to the similar procedure as worked out on
the factor 1, the following hierarchical structure system of factor 2 was resulted.



Table 11. Correlation Matrix

15 1.00000 0.42348 0.43243 0.13225 0.10069 0.20765 -0.03118
16 0.42348 1.00000 0.39412 0.39549 0.07364 0.17895 0.06878
17 0.43243 0.39412 1.00000 0.59231 0.34731 0.29063 0.73160
18 0.13225 0.39549 0.59231 1.00000 0.14811 0.35170 0.34221
19 0.10069 0.07364 0.34731 0.14811 1.00000 0.60430 0.15033
20 0.20765 0.17895 0.29063 0.35170 0.60430 1.00000 0.74923
21 -0.03118 0.06878 0.73160 0.34221 0.15033 0.74923 1.00000
Note: The used variable No.; 15, 16, 17, 18, 19, 20, 21
Table 12. Results by Sevcond Step of Factor Analysis on F2
Factor Amount of Cont. Degree of Cont. }fg%gg'os‘ggwﬁg
F2-1 3.09363 44.19471% - 15,16, 17, 18, 20, 21
F2-2 2.33572 33.36750 18,19, 20
Total 5.42935 77.56221%
Table 13. Correlation Matrix
15 1.00000 0.42348 0.43243 0.13225 0.20765 -0.03118
16 0.42348 1.00000 0.39412 - 0.39549 0.17895 0.06878
17 0.43243 0.39412 1.00000 0.59231 0.29063 0.73160
18 0.13225 0.39549 0.59231 1.00000 0.35170 0.34221
20 0.20765 0.17895 0.29063 0.35170 1.00000 0.74923
21 -0.03118 0.06878 0.73160 0.34221 0.74923 1.00000
Note: The used variable No.; 15, 16, 17, 18, 20, 21
Table 14. Results by Third Step of Factor Analysis on F2-1
Factor Amount of Cont. Degree of Cont. Eg;r:ﬁl;flg.os‘z(;Wﬂg
F2-1-1 2.26851 37.80850% 18, 20, 21
F2-1-2 241594 40.26580 15, 16,17
Total 4.68445 78.07430%
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F2 ; General throwing skill for accuracy
F2-1; Throwing skill for accuracy.
F2-2; Throwing skill for ccuracy, specifically with big ball.
F2-1-1; Throwing skill for accuracy with big ball, connecting throwing skill with small ball.
F2-1-2; Throwing skill for accuracy with small ball.
Therefore, the model of hierarchical structure was induced as shown in Fig. 3.

Throwing Skill for Accuracy,
with Big Ball connecting with
Small Ball

(Throwing Skill for Accuracy

Throwing Skill for Accuracw
( with Small Ball

(General Throwing Skill
for Accuracy

Throwing Skill for Accuracy,
(specifically with Big Ball )

Fig. 3 The hierarchical structure of the
general throwing skill for accuracy
domain.

Then, Factor 6; Throwing skill for accuracy, connecting with catching skill was factored as shown in
Table 15 and 16. The variable 14, 15 and 16 were found to have only one common factor, so factoring
stopped. Thus, the following inference was induced;



Table 15. Correlation Matrix

14 1.00000 0.12363 . 0.13185 0.14666
15 0.12363 ’ 1.00000 0.42348 -0.03118
16 0.13185 0.42348 1.00000 0.06878
21 0.14666 ~0.03118 0.06878 1.00000

Note: The used variable No. 14, 15, 16, 21

Table 16. Results by Second Step of Factor Analysis on F6

Factor Amount of Cont. Degree of Cont, Eg;%ggg&?wﬂg
F6-1 o 1.50547 37.63675 % 14, 16, 16

F6-2 1.09385 27.34625 21

Total 2.59932 64.98300 %

F6 ; Throwing skill for accuracy, connecting with catching skill.

F6-1; Throwing skill for accuracy, connecting with catching skill; small ball emphasized.

F6-2; Throwing skill for ccuracy, connecting with catching skill; big ball emphasized.
Therefore, the following model of hierarchical structure was induced as shown in Fig. 4.

connecting with Catching Skill

Throwing Skill for Accuracy, )
Small Ball

(Throwing Skill for Accuracy,
connecting with Catching Skill)

connecting with Catching Skill

Throwing Skill for Accuracy,
\Big Ball )

Fig. 4 The hierarchical structure of the
throwing skill for accuracy connecting
catching skill domain.

2-3. Summary of Application
From the preceding repetition of factor analysis, the following model of hierarchical structure of
children’s ball handling skill has been resulted as shown in Fig. 5, as far as 24 items used. Fig. 5 suggests
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Fig. 5 The hierarchical structure of children’s ball handling
skill formulated by multi—step factor analysis.

that the children’s ball handling skill is structured with these elements hierarchically. As the factoring
step goes up, the degree of complexity of factor decreases. The last factor domain, however, has only
one common factor, or defined by only one item, so the degrees of factorial complexity are nearly equal
to each other. Ball kicking skill is extracted at the first step of factor analysis, but this factor shows
significant and usable loadings on only two variables, and “Catching the rolling ball with hands; tennis
ball” extracted at 4th step of factor analysis shows significant and usable loadings on only two variables,
so both of them are equal on the factorial complexity, although the step to be extracted is different.

From the resulted hierarchical structure of ball handling skill, such a rather easy ball handling skill as
“Rolling and/or bouncing ball handling skill” is structured rather complicatedly, but “Ball kincking
skill” and “flying ball catching skill”” are structured rather simply and independently from other kinds of
ball handling skill. And “Throwing skill for accuracy” which is rather difficult for children to perform
shows a little complicated structure; that is, “Throwing skill for accuracy with small ball”” and “with big
ball” are structured as different skill domains, although they are associated to some extend each other.
This may suggest that such a difficult skill is influenced by difference of tools with which the motor
pattern is performed. And “Throwing skill for accuracy” is divided into the two domains at the first step
of factor analysis as shown in Fig. 5: the one is a unique dom ain for throwing the ball for accuracy and
another the one relating to some extent with *“catching skill”.



Conclusion

A new idea of factoring procedure based on the hierarchical model of factor structure was
formulated, and its algorithm was presented in this paper. Then, this was applied to investigate the
ability structure of children’s ball handling skill based on the assumption of hierarchical model of factor
structure. As long as the children’s ball handling data of the present study were used, it may be inferred
that an elegant solution can be resulted. Therefore,this idea may be applicable to investigate the
hierarchical structure of ability and also to cluster the variables into several groups which are classified in
temrs of common factor among variables, This method, however, is rather laborious to reach at the final
results if the number of variables or the order of initial correlation matrix is very large, but the electronic
computer can save such laboriousness greatly. The two kinds of arbitrary vailues; criterion on amount of
variance which is explained by all the extracted factors and criterion of significant and usable loadings
for factorial interpretation, must be given arbitrarily. As long as the author’s experiences are based upon,
as described in this paper too, 80% and 0.4 are recommendable as the criterion values of these two
respectively. Anyhow this idea is based upon that the variables or items which belong to one group must
have one common factor. ’

The computer programs developed by the author can be available upon request.
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