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FACTOR ANALYSIS OF THE EARLY CHILDHOOD
EDUCATION TEST DATA*

Twenty variables comprising the subtests of the Frostig, ITPA, and

APT (Appalachia Preschool Test), and the PPVT raw score were factor analyzed

by a principal component solution and an orthogonal rotation of the factor

matrix.(1 Although the different subtests were designed to measure specific

abilities, it was possible that certain specific abilities could be masked by

the presence of unknown underlying factors common to these tests. The results

of the factor analysis showed that, to some extent, the factors revealed

certain abilities which discriminated between groups.

Identification of the Eight Factors

Table 6-1 is the factor matrix showing the factor loadings of the eight

factors on the twenZ:y variables. The subtests of the PPVT, APT, ITPA, and

Frostig are described in detail in the relevant technical reports--numbers

two through five respectively. A brief description of each of the subtests

is given in Table 6-1.

The asterisks in Table 6-2 indicate the variables with relatively high

factor loadings. Accordingly, factor names were assigned to the eight

factors. The factor common to many subtests was "vocabulary." It was easy

to see that vocavulary was one basic ability which would account for a large

proportion of the variance of most testi:.

The APT Subtest 5 was a very specific test. Seventy-five percent of

its variance was accounted for by factor two, "reasoning." On the other hand,

about fifty percent of the variance of the APT Subtest 2 was accounted for

by the factor "general cognitive skills" (factor six). Factor five "identify-

ing body parts" accounted for about seventy-three percent of the variance

*This report was completed by Dr. Deagelia Pena of the Research and Evaluation
staff.

1The computer program-used was the BMD3M "Factor Analysis with VARIMAX
Rotation".



F

2

TABLE 6-1

DESCRIPTIONS OF THE TWENTY VARIABLES (SUBTESTS)
USED IN FACTOR ANALYSIS

Variable No. Subtest Name Description

1 Frostig Subtest 1 Hand-eye coordination in line drawing

2 Frostig Subtest 2 Figure ground discrimination

3 Frostig Subtest 3 Recognition of geometric shapes

4 Frostig Subtest 4 Discrimination of figural rotation

5 Frostig Subtest 5 Analysis and reproduction of simple
patterns

6 PPVT (Raw Score) Peabody Picture Vocabulary Test

7 ITPA Subtest 1 (Illinois Test of Psycholinguistic
Ability) Vocabulary and hearing level

8 ITPA Subtest 2 Ability to match from a sample

9 ITPA Subtest 3 Vocabulary auditory association

10 ITPA Subtest 4 Association and stimuli goal

11 ITPA Subtest 5 Ability to describe objects verbally

12 ITPA Subtest 6 Vocabulary and ability to communicate
gestures

13 ITPA Subtest 7 Ability to make grammatical transforma-
tions

14 ITPA Subtest 8 Figure ground discrimination

15 ITPA Subtest 9 Auditory recall

16 ITPA Subtest 10 Visual recall

17 APT Subtest 2 Test of cognitive objectives

18 APT Subtest 4 Interview (naming body parts)

19 APT Subtest 5 Cause-effect reasoning

20 APT Total (2) Total of variables 17, 18, 19

8
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4

of the APT interview on body parts. The other factors were "visual percep-

tion" (factor four), "auditory memory" (factor seven), and "verbal expression"

(factor eight).

The communalities shown in the last column of TABLE 6-2 show that the

eight factors altogether account for a very large proportion of the variance

of the three APT tests--variables 17, 18, 19; i.e., these three subtests have

very high reliability in terms of the eight factors. The next highest commun-

ality was found in the ITPA Subtest three--vocabulary (auditory association).

Analysis of Variance of the Factor Scores

An analysis of variance was made on each of the eight factor scores

and results are shown in ATTACHMENT 6-1. The results on three factors were

significant at 0.005 and one at 0.10. The level 0.10 was considered signifi-

cant because the variables were not direct measurements and because of the

wide range of significance levels. TABLE 6-3 gives the factor means for

each group and the levels of significance for each factor from the analysis

of variance.

The Q method' of detecting differences
2
between pairs of means was

applied first to those results with significant F's in the Analysis of

Variance, then to those with nonsignificant F's. The sections that follow

discuss the results of the Q method of paired comparisons, beginning with

factors with significant F's in the analysis of variance.

1
Snedecor, G. W. and William Cochran, Statistical Methods, the Iowa

State University Press, Ames, Iowa, 1967, p. 272.

s_2 The Q method is based on the studentized range Q =
x - 'min) / x.

It has the property that if some or all of the differences between pairs of
means are testethe probability that no erroneous claim of significance
will be made is__-.95.

11
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General Reception, Factor Four

The four means on the factor "general reception" were significantly

different under the Analysis of Variance, with P1(.0005. On a normal dis-

tribution with mean zero and variance equal to one, the TV-HV had a mean of

0.267 while the comparison group had a mean of -0.432. By the Q method,

the criterion for the difference between any two means is 0.568. (See

TABLE 6-3 for the Q method computation of least significant difference.)

The four means were arranged in ascending order in TABLE 6-4.

TABLE 6-4

PAIRWISE COMPARISON OF THE FOUR
TREAV"':',NT MEANS ON "GENERAL RECEPTION"

(4) (1) (3) (2)

Comparison. Package TVonly TV-HV

-0.432 +0.070 +0.153 +0.267

The nonsignificant difference is indicated by a line connecting the

means with no significant difference. The same procedure will be applied

to the rest of the comparisons. Thus, any two means not connected by a

line indicate a significant difference at the 0.05 level. Hence, in

"general reIption or understanding", the three groups in the ECE pro-

gram did not differ significantly, but scored higher than the comparison

group; while the package group did not differ significantly with the com-

parison group, the latter scored significantly lower than the TVonly and

TV-HV.

13
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General Cognitive Skills, Factor Six

TABLE 6-5 shows the ordered means. By the Q method, the difference

criterion was 0.690. The table shows that the means of the package, the

TV-HV, and the comparison groups differ only by chance. However, the

TV-HV and the package groups scored significantly higher than than the

TVonly.

TABLE 6-5

PAIRWISE COMPARISON OF THE FOUR TREATMENT
MEANS ON "GENERAL COGNITIVE SKILLS"

(3) (4) (1) (2),

TVonly Comparison Package. TV-HV

-0.526 +0.078 +0.222 +0.289

Verbal Expression, Factor Eight

Factor eight ("verbal expression") had a significant F :Jut this time

the comparison group scored the highest. TABLE 6-6 indicates the signifi-

cance of differences, in a pairwise comparison.

TABLE 6-6

PAIRWISE COMPARISON OF THE FOUR TREATMENT
MEANS ON "VERBAL EXPRESSION"

(3) (1) (2) (3)

TVonly Package TV-HV Comparison ,

-0.219 -0.107 -0.037 +0.340

14



The difference criterion was 0.162. There were two pairs with

.differences lower than this value. The comparison group was significantly

the highest. This result was consistent with a related result for the

ITPA Subtest 5 discussed in Thchnical Report No. 4.

Reasoning, Factor Two

"Reasoning" (Factor Two) is worth mentioning since F was significant

at 0.10. On this factor the TV-HV group scored the highest, while the

TV only scored the lowest. Pairwise comparisons are shown in Table 6-7.

TABLE 6 -7

PAIRWISE COMPARISON OF THE FOUR TREATMENT
MEANS ON "REASONING"

(3)

TV only

-0.272

(4)

Comparison

0.000

(1)

Package

+G.031

(2)

TV-HV

+0.289

The difference criterion was 0.402. The table shows that in

"reasoning" the TV-HV, the package, and the comparison groups did not

differ significantly and were higher than the TV only group. The package

group, however, did not differ significantly with the TV only on the one

hand, and the comparison group on the other. What may be said is that

the TV-HV scored significantly higher than the TV only, but not signifi-

cantly higher than the comparison and the package groups.

1

8
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;Vocabulary, Factor One

Since the Q method is not restricted solely to means with significant

F's, it was applied to the remaining four factors which did not yield signifi-

cant F's in the Analysis of Variance.

TABLE 6- 8

PAIRWISE COMPARISON OF THE FOUR TREATMENT
MEANS ON "VOCABULARY"

(4) (2) (3) (1)

Comparison TV-HV TV only Package

-0.184 -0.064 +0.040 +0.223

For "Vocabulary" the difference criterion was 0.306. This difference

showed that the package group scored significantly higher than the comparison

group which did not differ significantly from the TV-HV and the TV only.

This result was partly consistent with that of the PPVT because the package

group also scored highest in the PPVT (See Technical Report No. 2). However,

in the PPVT, the TV-HV came very close to the package while the TV only was

close to the comparison group. It was at this point that a re-examination

of the factor loadings of the vocabulary factor on the variables was prompted.

The Factor One column of Table 6-2 shows that the "vocabulary" factor had

high loadings on most ITPA subtests with a relatively lower loading on the

PPVT. The PPVT is a picture vocabulary test or a vocabulary test not

necessarily requiring to relate concepts or to communicate. On the other

hand the ITPA subtests (1, 3, 4, 6, and 7) were communication oriented

1 16



10

requiring relationship between concepts. Whatever small portion (about

16%) of the PPVT variance of the score which had to do with communication

or relating concepts was apparently "extracted", and together with the

communication aspects of the ITPA subtests mentioned, accounted for the

high loading on the "vocabulary" factor score. Hence, it seemed appropriate

to qualify the "vocabulary" label of factor one and call it "vocabulary

in relating concepts and communication". If this is the case, it may be

said that in contrast with the other three groups, the package group

acquired a "higher-order vocabulary" level--namely, one which relates

concepts, in contrast with mere labeling or naming pictures as in the

PPVT.

Vicual Perception, Factor Three

On "visual perception" the difference criterion was 0.114; the

package, TV-HV and the comparison groups did not differ significantly;

the package, which was the lowest among these three groups was not sig-

nificantly different from the TV only; but the TV-HV and the comparison

groups were significantly higher than the TV only.

TABLE 6-9

PAIRWISE COMPARISON OF THE FOUR TREATMENT
MEANS ON "VISUAL PERCEPTION"

(3) (1) (2) (4)

TV only Package TV-HV Comparison

-0.109 -0.008 0.056 0.068

17
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Identifying Body Parts, Factor Five

On identifying body parts, the package group had the highest mean,

with the TVonly at the bottom. The difference criterion was 0.232. Applying

this value, it would be seen that the package, TV-HV and comparison groups

were not significantly different from one another. However, the package and

TV-HV had significantly higher means than the TVonly, in identifying boy

parts.

TABLE 6-10

PAIRWISE COMPARISON OF THE FOUR TREATMENT
MEANS ON "IDENTIFYING BODY PARTS"

(3) (4) (2) (1)

TVonly Comparison TV-HV Package

-0.174 0.011 0.089 0.095

Auditory Reception, Factor Seven

With "auditory memory", the difference criterion was 0.450. It was

readily seen from TABLE 6-3 that there was no pair with a difference

greater than or equal to 0.45J. The difference between the extreme values

for the comparison group and the package/TVonly was 0.209.

Auditory memory was the only factor which didn't show any significant

difference in both the analysis of variance and the pairwise comparison

based on the Q method.

'18
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Summary and Conclusion

The of the factor analysis indicated the effectiveness of

the ECE program on at least a few factors. With the exception of "verbal

expression" in which the comparison group scored the highest, the ECE

subjects had higher factor scores. In general, either the TV-HV, or both

the TV-HV and package groups scored the highest. The three factors with

significant F results in favor of the ECE groups were General Reception

or Understanding (P4:1.0005), General Cognitive Skills (P4:.0005), and

Reasoning (PG.10). In verbal expression, the comparison group's mean

score was significantly greater than those of the other three groups. In

the"vocabulary of communication and relating concepts", the package group

scored significantly higher than the comparison group, whila the TV-HV and

TV only placed between the two extremes appeared more likely to be as low

as the comparison group. "Visual perception" was not a good discriminant.

The package, TV-HV, and comparison groups did not differ significantly,

but the TV only was definitely lower than the TV-HV or the comparison group.

In "identifying body parts", the package and the TV-HV were definitely higher

than theTV only. The bar graphs in Attachment 6-2 consist of a visual

summary of the factor score means of the four groups.

19



[

U

U

ATTACHMENT 6-1

ANALYSES OF VARIANCE OF FACTOR SCORES
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TABLE 1

ANALYSIS OF VARIANCE OF FACTOR SCORES ON
VOCABULARY (FACTOR ONE)

Source of Variation SS D.F. MS F P

Treatment
1

Error

Total

3.755

104.090

107.845

3

162

165

1.251

0.642

1.948 NS

1
Treatment: Package, TV-HV, TVonly, Comparison group.

TABLE 2

ANALYSIS OF VARIANCE OF FACTOR SCORES ON
REASONING (FACTOR TWO)

Source of Variation SS D.F. MS F P

Treatment 1

Error

Total

6.417

149.566

155.983

3

162

165

2.139

.923

2.316 .10

1
Treatment: Package, TV-HV, TVonly, Comparison group.

21



TABLE 3

ANALYSIS OF VARIANCE OF FACTOR SCORES ON
VISUAL PERCEPTION (FACTOR THREE)

Source of Variation SS D.F. MS F P

Treatment' 0.861 3 0,257 0.411 NS

Error 113.078 162 0.098

Total 113.939 165

'Treatment: Package, TV-HV, TVonly, Comparison group.

TABLE 4

ANALYSIS OF VARIANCE OF FACTOR SCORES ON
GENERAL RECEPTION (FACTOR FOUR)

Source of Variation SS D.F. MS F P

. Treatment'

Error

Total

12.309

76.596

38.905

3

162

165

4.103

0.472

8.677 .0'05

'Treatment: Package, TV-HV, TVonly, Comparison group.
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TABLE 5

ANALYSIS OF VARIANCE OF FACTOR SCORES ON
IDENTIFYING BODY PARTS (FACTOR FIVE)

Source of Variation SS D.F. MS F P

Treatment 1
2.008 3 0.669 0.791 NS

Error 136.974 162 0.845

Total 138.982 165

1
Treatment: Package, TV-HV, TVonly, Comparison group.

TABLE 6

ANALYSIS OF VARIANCE OF FACTOR SCORES ON
GENERAL COGNITIVE SKILLS (FACTOR SIX)

Source of Variation SS D.F. MS F P

Treatment'

Error

Total

11.570

134.874

152.444

3

162

165

5.856

.832

7.034 .0005

1
Treatment: Package, TV-HV, TVonly, Comparison group.
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TABLE 7

ANALYSIS OF VARIANCE OF FACTOR SCORES ON
AUDITORY MEMORY (FACTOR SEVEN)

Source of Variation' SS D.F. MS

Treatment'

Error

Total

1.309

73.082

74.391

3

162

165

0.436

0.451

0.967 NS

1
Treatment: Package, TV-HV, TVonly, Comparison group.

TABLE 8

ANALYSIS OF VARIANCE OF FACTOR SCORES ON
VERBAL EXPRESSION (FACTOR EIGHT)

LI

ti

Li

Source of Variation SS D.F. MS

Treatment'

Error

Total

7.869

62.754

70.623

3

162

165

2.623

0.387

6.771 .0005

1
Treatment: Package, TV-HV, TVonly, Comparison group.
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ATTACHMENT 6-2

BAR GRAPHS OF EIGHT FACTOR SCORE MEANS OF
FOUR GROUPS OF CHILDREN IN THE EARLY

CHILDHOOD EDUCATION PROJECT
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Mean

55

50

45

40

Mean

55

50

45

40

52.23

49.35

Package
N
TV -HV

50.40

48.15

TVonly Comparison

FIGURE 1

VOCABULARY (FACTOR ONE) -- FACTOR SCORE MEANS OF FOUR
GROUPS OF CHILDREN IN THE EARLY CHILDHOOD EDUCATION
PROJECT, UNDER THE NORMAL DISTRIBUTION N (50,10)

52.90

50.32

Package TV -HV

50.00

47.27

,\\

TVonly Comparison

FIGURE 2

REASONING (FACTOR TWO) -- FACTOR SCORE MEANS OF FOUR GROUPS
OF CHILDREN IN THE EARLY CHILDHOOD EDUCATION PROJECT,

UNDER THE NORMAL DISTRIBUTION N (50,10)
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Mean

55

50

45

40

2

50.70

N

Package

52.67

51.54

TV-HV TVonly

FIGURE 3

Comparison

GENERAL RECEPTION (FACTOR FOUR) -- FACTOR SCORE MEANS OF FOUR GROUPS
OF CHILDREN IN THE EARLY CHILDHOOD EDUCATION PROJECT,

UNDER THE NORMAL DISTRIBUTION N (50,10)

Mean

55

50

45

40

50.96 50.90

Package TV-HV

48.26

N

TVonly

FIGURE 4

50.11

Comparison

IDENTIFYING BODY PARTS (FACTOR FIVE) -- FACTOR SCORE MEANS OF FOUR
GROUPS OF CHILDREN IN THE EARLY CHILDHOOD EDUCATION PROJECT,

UNDER THE NORMAL DISTRIBUTION N (50,10)

27



Mean

55

50

45

40

3

52.22

\\\\
Package

52.90

44.73

TV-HV TVonly

FIGURE 5

50.79

Comparison

GENERAL COGNITIVE SKILLS (FACTOR SIX) -- FACTOR SCORE MEANS OF FOUR
GROUPS OF CHILDREN IN THE EARLY CHILDHOOD EDUCATION PROJECT,

UNDER THE NORMAL DISTRIBUTION N (50,10)

Mean

55

50

45

40

50.56
49.92

Package TV-HV

50.68

48.90

TVonly Comparison

FIGURE 6

VISUAL PERCEPTION (FACTOR THREE) -- FACTOR SCORE MEANS OF FOUR
GROUPS OF CHILDREN IN THE EARLY CHILDHOOD EDUCATION PROJECT,

UNDER THE NORMAL DISTRIBUTION N (50,10)
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Mean

55

50

45

40

50.66
50.24

50.66

48.27

Package TV-HV TVonly Comparison

FIGURE 7

AUDITORY MEMORY (FACTOR SEVEN) -- FACTOR SCORE MEANS OF FOUR
GROUPS OF CHILDREN IN THE EARLY CHILDHOOD EDUCATION
PROJECT, UNDER THE NORMAL DISTRIBUTION N (50,10)

Mean

55

50

45

40
Package TV-HV

FIGURE 8

VERBAL EXPRESSION (FACTOR EIGHT) -- FACTOR SCORE MEANS OF FOUR
GROUPS OF CHILDREN IN THE EARLY CHILDHOOD EDUCATION PROJECT,

UNDER THE NORMAL DISTRIBUTION N (50,10)
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