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difference in fit, the three factor model yielded a
more parsimonious fit than the four factor model. 1In
addition, the three factor model produced a
consistently good fit as tested by x* (p>.05) holding
both measurement and error matrices invariant across

all eleven age groups.




Abstract

Although the Wechsler Intelligence Scale for
Children -~ Revised (WISC-R) is being rapidly réplaced
by the third edition of the WISC, questions concerning
the construct validity of the WISC-R have not yet been
resolved. Does it measure two factors? Does it
measure three factors? Do the same constructs fit
across all age levels?

This study sought to determine (a) whether the
WISC-R measures the same constructs across its age
span, (b) what constructs are measured, and (c) how
many constructs provide the best fitting model.
‘Multi-sample, hierarchical confirmatory factor analyses
(LISREL 7.2) were performed on the WISC-R
standardization data. This sample consisted of 2200
subjects, 200 subjects in each of the eleven age groups
(ages 6 1/2 to 16 1/2).

The covariance matrices for the 11 age levels were
statistically indistinguishable (p>.05). The test does
measure the same constructs across ages. The three
factor model provided a statistically (x%sue=92.46,
df=11, p<.0l) better fit than the two factor model.

Although there was no statistically significant
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The latest version of the Wechsler Intelligence

Scale for Children, the WISC-III, is rapidly replacing

the prior revised version, the WISC-R. Questions,

however, concerning the WISC-R have still not been

resolved. Does the WISC-R measiire the same constructs
across its eleven age groups? Does the WISC-R measure
two or three constructs? What are the construsts that
are being measured?

Despite wide use and extensive research, it is not
clear whether the WISC-R measures the same abilities
across its 11 year age span. According to Kaufman
(1979), Piaget’s theory of the development of
intelligence.dictates that different tests be used to
measure intelligence at different ages. This position
is strengthened by evidence that intelligence changes
with dge (Garrett, 1965). If the same tests are used
across age groups, these findings suggest different
constructs would be measured for the age-groups. The
WISC~-R, however, uses the same subtests for all 11 age
groups producing a final general intelligence measure,

d.
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It is also unclear whether the WISC-R measures two
factors or includes an additional third factor. Two
constructs, Verbal and Performance, are suggested by
the WISC-R manual (Wechsler,

1974). These constructs, in turn, yield a second-order

general intelligence factor, g (see Figure 1).

Insert Figure 1 about here

Three constructs (Verbal, Performance, and Freedom from
Distractibility) have been suggested by confirmatory
factor analyses (Kaufman, 1975). These constructs also
yield a second-order general intelligence factor, g

(see Figure 2).

Insert Figure 2 about here

In addition, there is disagreement concerning what the
additional third factor - if there is a third factor -
actually measures (Jensen & Reynolds, 1982; Kaufman,

1979; Steward & Moely, 1983; Wielkiewics, 1990).




Finally, although confirmatory factor analysis has

been previously performed using data produced by the
WISC-R, this procedure tests only the first-order
factors or constructs. Since g is increasingly
recognized as a second or higher~order factor (Carroll,
1993),. if the WISC-R measures g, then that structure
should be tested in a hierarchical model. If
confirmatory factor analysis alone is used, the loading
of the first-order factors on the second-order factor,
d, is not determined.

This research serves multiple purposes: 1) to
determine if the subtests of the WISC-R measure the
same components across all 11 age groups; 2) to
determine how many constructs are measured by these
components; 3) to determine what constructs are
measured by the subtests; 4) to determine if the same
hierarchical model will fit all 11 age groups; and 5)
to demonstrate a relatively new method of testing the
construct validity of tests.

Method
Subjects and Instrument

The WISC-R is an individually administered measure




of the intellectual ability of children ages 6 1/2 to

16 1/2. The WISC-R was standardized on a nationally
representative sample of 2200 children - 200 in each of
the 11 age groups. All subtests were administered to
each child.

Analyses

Correlation matrices and standard deviations for
each group were used as input for the analyses. All
analyses were conducted using the LISREL 7.2 computer
program (JOreskog & Sérbom, 1989).

To answer the first research question - whether
the subtests of the WISC-R measure the same components
across its age span - the covariance matrices for each
group were compared. Since all subtests were
administered to every age group, covariance matrices
were compared across all age groups using LISREL-7.2
multi-sample analysis (Jdreskog & Sdérbom, 1989, Chapter
9). The hypothesis tested was that the variance-
covariance matrix of the subtests was identical across
all 11 groups. This procedure determined if the
distribution of scores around the mean of each subtest

and the relations among subtests for each age group




were identical to the corresponding distribution and

relations of all other age groups. Since all matrices
and constructs are included in this initial matrix, if
these matrices are statistically indiscernible, then
the WISC-R must measure identically across all ages
(Keith, 1990). No assumption was made about the
correct factor structure for these matrices. Nor was
any assumption made about what was being measured.
This procedure simply determined if the same things
were being measured for each age group.

To answer the second gquestion - how many
constructs are measured by the WISC-R - the generalized
covariance matrix for all groups was placed in a
hierarchical factor model consisting
of two (Wechsler, 1974), three (Kaufman, 1979), and
four first-order factors leading to one second-order
general ability, or g factor. Since factor analytic
procedures traditionally explain more variance and
provide a better fit when more factors are included, a
four factor model (see Figure 3) was also included in
this study. The four factor model was determined by

traditional exploratory factor analysis using SPSS-PC+.
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Insert Figure 3 akout here

To answer the third question - what constructs are
measured by the subtests - the first- and second-order
factor loadings provided by the best-fitting factor
model (determined in answering question two) were used.
In addition, the total effects for each subtest were
considered.

To answer the fourth question - how adequately
does the same factor model fit across all age groups -
elements of the best-fitting hierarchical factor model
were constrained to equality and compared. This
procedure ccnsisted of three steps'. In the first
step, the age groups were constrainted to a similar
factor structure (ie, the first-order factors loaded on

.the same subtests across age groups). In step two, the
factor loadings were constrainted to equivalence across
age groups (ie, the second-order factor loadings on the

first-order factor and the first-order factor loadings

'In LISREL terminology, for the first step, all matrices had
the same pattern and starting values, but were permitted to vary
otherwise. Second, Psi and Theta Epsilon were specified &3 having
the same pattern and starting values across groups, while Gamma and
Lambda Y were invariant. Third, the Gamma, Lambda Y, Psi, and
Theta Epsilon matrices were all invariant across groups.

iy
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on the subtests were identical across age groups). The
third step constrained the factor structure to
equivalence across age groups (ie, in addition to
identical factor loadings, the unique and error
variances for each subtest and factor were identical
across age groups).

The fit statistics provided by the LISREL program
were used to judge whether the hypothesis of identical
matrices should be rejected. This program produces a
single chi-square (y*) statistic which is used to test
the "fit of all LISREL models in all groups, including
all constraints" (J6reskog & S&rbom, 1989, p228). A
large yx* indicates the model is not invariant across
groups. Since the value of %x*® is seriously inflated by
sample size, however, meaningless differences between
groups can result in statistical significance, leading
to rejection of a good model (Hayduk, 1987). Since
this sample contained 2200, the Differential Fit Value
(DFV) suggested by Muthén (1989) was used as the

primary criterion for decision making. The DFV? is a

To calculate the actual x>, multiply the x* (DVF) by 2.2
((2200-1)/(1000~1)).

—
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x® value for a sample size of 1000. All x* values
reported in this study are Diffential Fit Values.

Decisions concerning the best-fitting model were
made using the difference between the two %x? values
with degrees of freedom equal to the difference in
degrees of freedom of the two models (Hayduk, 1987).
This difference y* is distributed as y* with degrees of
freedom determined by the difference degrees of
freedon.

Results and Discussion
e WISC- t i e
Groups?

The specification that the 11 age matrices of the
WISC-R were identical resulted in a %® (DFV) of 453.16
(df=780, p>.99). The variance/covariance matrices of
the 11 age groups were statistically indistinguishable.
Whatever the WISC-R measures, it measures the
identically across all age groups.

How many constructs does the WISC-R Measure?

All factor models provided a surprisingly gcod fit

(p>.05) as measured by x* (DFV). The three- and the

four—-factor models provided a significantly better fit
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(x21.¢=92.46, df=11, p<£.01; x*,,=85.72.46, df=22, p<.01),
however, than the two-factor model (see Tabel 1).

Although the x® values produced by the three and
four-factor models were statistically indiscernible,
the x? (DFV) produced by the four-factor model was

larger than the one produced by the three-factor model.
Since the three factor model provides the more

parsimonious fit and is supported by theory, it is the

preferred model.

Insert Table 1 about here

What constructs are measured by the WISC-R?

The Verbal and Performance (or perceptual) factors
appear appropriately named (see Table 2 and Figure 4).
The factor, however, termed Freedom from
Distractability is questionable. Although the Dig. .t
Span subtest may suggest this term, factors are usually
named for those items that load most heavily on them.
In this instance, the Arithmetic subtest loads on the
first-order factor at 0.77 and on g at 0.65; the Digit

Span subtest loads on the first-order factor at 0.57
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and on g at 0.48 (see Table 2 and Figure 4). This
would suggest this factor is most appropriately named

| Quantitative Reasoning.

Insert Table 2 and Figure 4 about here

How adequately does the same factor model fit across
all age groups?

Comparison of the three-factor model by
constraining portions of it to equality resulted in a
X’ change that was not statistically significant (see
Table 2). Proceeding from a model in which the eleven
age groups are constrainted to conform to a similar
factor structure (ie, the same subtests locad on the
first order factors) through the constraint that not
only are the factor loadings on each first-order factor
equivalent across age groups, but the unique and error
variances of the subtests and factors are also

equivalent, produced no significant change in Xx?. Thus

not only does the proposed three-factor structure of

the WISC-R provide an excellent fit across all 11 age
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levels in the standardization sample, but the
hierarchial factor structure -~ including variances -

appears invarjant across those ages.

Insert Table 3 about here

Conclusions

The findings from this study indicate that the
WISC~-R does measure the same constructs identically
across all age levels. Three constructs, as suggested
by Kaufman (1979), provide the best fitting model. The
Verbal and Performance constructs appear to be
appropriately named. It is suggested, however, that
the construct previously termed Freedom from
Distractability would be best interpreted as a measure
of Quantitative Reasoning by those still using the
WISC-R.

A final purpose of this study was to demonstrate a
relativeli new method of testing the construct validity

of a test. A multi-sample test of the equivalence of

the subtest covariance matrices provided a test of

identical constructs across groups. Hierarchical,
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multi~sample, confirmatory factor analysis was then
used to understand what the constructs are - or are not
- for this test. These findings point to the
superiority of hierarchical, rather than simple first-
order, analysis for understanding constructs measured
by a test. By using a hierarchical structure, the
methodology used in this study provides much stronger
evidence of what a test measures than does exploratory
or first-order confirmatory analysis. In addition, the
comparison of groups within one statistical analysis
contributes a more powerful test than does a factor
analysis for each group separately. This methodology
is also appropriate for comparison of the factor
structure of a test across ethnic or gender groups.
Used in this manner, this technique would provide an

extremely powerful test of construct bias.

iv
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Table 1

Comparison of Two, Three, and Four Factor Models

Factors X2 (df) axzdu (df) bxzd“ (df)

2 519.21 (572)

3 426.75 (561) 92.46%% (11)

4 433.79 (550) 85.72%% (22) 7.04 (11)
Note: * x* difference from the two-factor model.

® x*> difference from the three-factor model.

* p< .05. **%*p<.01l.




Table 2

Total Effects of Subtest on g

Subtest g
Information .741
Similarities .736
Vocabulary .801
Comprehension .691
Arithmetic .653
Digit Span .480
Coding : .386
Block Design .647
Mazes .414
Object Assembly .561
Picture Completion .527
Picture Arrangement .480
Note. ?*Total Effects of subtest on g.

-
)
-

P




Table 3

Struycture of the Three Factor WISC-R

Hypothesis Tested x* (df)

X’ae (AF) R

Similar

Factor Structure® 426.75 (561)
Identical

Factor Loadings® 488.41 (681)
Identical

Factor Structure® 618.30 (831)
Total Change

(270) >.99

61.66 (120) >.99

129.89 (150) >.88

191.55

Note. °®Factor loadings, error, & unigque variances -

unconstrained.

®Variances unconstrained, factor loadings

constrained to equality.

Factor loadings & variances - constrained to

equality.
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