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ABSTRACT

Taking as its sample a normal group of 1,100 children and a clinical group of 1,150
children in Taiwan, the purpose of this study was to test for invariance in the WISC-III
factorial structure across normal and clinical samples. Results of our two-stage
multi-sample confirmatory factor analysis supported partial factor invariance. Among all
examined parameters, only a few discrepancies involving unique error variances and sub-
tly correlated residuals were found across groups. Evidence of partial measurement in-
variance indicated that the hypothesized four-factor model generally fit the real data
fairly well. It was found that while measurement accuracy for a few subtests differs be-
tween and among groups, the overall main structure and factor loadings were generally
invariant across normal and clinical samples. Therefore we concluded that WISC-III

scores can be interpreted as having the same meaning across groups.
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Introduction

The Wechsler Intelligence Scale for Chil-
dren (WISC) is one of the most widely referred
individualized intelligence tests (Camara, Nathan,
& Puente, 2000). Up to now, it is estimated that,
including Taiwan, close to twenty countries have
adapted the standardized version of this instru-
ment (Georgas, Weiss, Van de Vijver, & Saklof-
ske, 2003).

Compared to the traditional verbal — per-
formance Wechsler 1Q construct, a new,
four-factor structure (Verbal Comprehension,
Perceptual Organization, Freedom from Distrac-
tibility, and Processing Speed) was proposed in
the third edition of this instrument in 1991
(WISC-IIT; Wechsler, 1991). This four — fac-
tor-based structure is more in line with contem-
porary research on intellectual components and
has been recognized for its’ clinical utility both in
Taiwan and internationally (Chen & Yang, 2000;
Hung, Chen, & Chen, 2003; Weiss, Saklofske,
Schwartz, Prifitera, & Courville, 2006). Besides,
this model has been cross-validated extensively
in a variety of samples by traditional exploratory
or confirmatory factor analyses (Donders &
Warschausky, 1996; Keith & Witta, 1997; Konold,
Kush, & Canivez, 1997; Roid, Prifitera, & Weiss,
1993; Roid & Worrall, 1997; Tupa, Wright, &
Fristad, 1997) , and was confirmed to be a pre-
ferred model for Taiwan normal children (Chen,
Zhu, & Chen, 2000; Georgas, Van de Vijver,
Weiss, & Saklofske, 2003). Nonetheless, exami-
nation of the factorial invariance between normal
and clinical populations based on multi-group
structure equating modeling (SEM) is still short.

Factorial invariance is a key property of any

measure (Drasgow, 1984, 1987; Rock, Werts, &
Flaugher, 1978). Scores for individuals from
different groups cannot be given the same mean-
ing if there is no evidence of such invariance
(Horn & McArdle, 1992; Vandenberg & Lance,
2000). Furthermore, it is clearly stated in the
standard 7.8 of “Standards for Educational and
Psychological Testing” (AERA, APA, & NCME,
1999) that, “Comparisons across groups are only
meaningful if scores have comparable meaning
across groups. The standard is intended as appli-
cable to settings where scores are implicitly or
explicitly presented as comparable in score
meaning across groups (p.83)”. Millsap and Kwok
(2004) also pointed out that selection based on a
composite with underlying non-invariant factor
structures could be problematic.

In empirical practice, WISC-III is most fre-
quently administered for the purpose of diagnos-
ing and evaluating the cognitive function and
exceptionality of clinical populations (Kaufman,
1994; Sattler, 2001; Sattler & Dumont, 2004,
Prifitera, Saklofske, & Weiss, 2005). Implicit in
this common practice is the assumption that
WISC-III subtests and factors have the same
meaning for both normal and clinical children;
that is, equivalence is assumed to hold for the
underlying theoretical structures, factor patterns
(subtests loaded on the same factors across
groups) and the magnitudes of factor loadings.

In the literature, few studies ever examine
the measurement equivalence of WISC-III across
large normal and clinical samples by SEM tech-
nique which has the advantage of taking covari-
ance matrix of both groups into consideration.
Therefore, taking as its sample Taiwanese chil-

dren with a sufficiently large sample size and
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degree of variation, this study investigated the
issue of invariance in the WISC-III by means of a

multi-sample structure equating modeling.

Method

Participants

Data based on two samples were analyzed in
this study. The first one is a normal sample, and
the second one is a clinical sample.

The normal sample

The first sample is the WISC-III Taiwan
standardization sample, comprised of the re-
sponses of 1,100 normal children ranging in age
from 6 to 16 years old. This nationally represen-
tative sample was divided into 11 groups accord-
ing to age, with 50 males and 50 females in each
group. This sample was selected carefully to
match the Taiwan census information on several
variables, including region, gender, and parents’
educational level. The mean age was 11, with a
standard deviation of 3.16; the average
full-scaled 1Q (FSIQ) was 100 (SD=15). A de-
tailed description of this normal sample is re-
ported in the Taiwan version of the WISC-III
manual (Wechsler, 1997).

The clinical sample

The second sample is a heterogeneous
clinical sample including a total of 1,150 Taiwan
children, who were formally identified and diag-
nosed by clinicians or educational evaluators as
with special needs. Among them, 37% were di-
agnosed as being mentally retarded, 32% as hav-
ing learning disabilities, 19% as being autistic,
10% as having ADHD, and 2% as having emo-

tional and behavioral disorders. The data were

collected by authors via multiple tracking meth-
ods during 2002 to 2007. Some were from formal
academic or clinical evaluation records, and oth-
ers were from database in special education iden-
tification and placement system. For this group of
children, the mean FSIQ was 78.59 (SD=21.78).
The average age was similar to that of the normal
group (M=10.72, SD=2.69), and the gender ratio
was roughly 7:3 (72% males vs. 28% females),
which concurs with the known fact that there is a
much higher percentage of males in the clinical
population.
Instrumentation

The Taiwan version of the WISC-III
(Wechsler, 1997) contains 13 subtests: Informa-
tion (INF), Similarity (SIM), Vocabulary (VOC),
Comprehension (COM), Picture Completion
(PIC), Picture Arrangement (PA), Block Design
(BLD), Object Assembly (OA), Arithmetic (ARI),
Digit Span (DS), Coding (CD), Symbol Search
(SYS), and Mazes (MZ). All composites and
subtests demonstrated good reliabilities (ex., the
internal reliability ranging from .87 to .96 for
composites, and .68 to .90 for subtests). Cumula-
tive research finding also provided good sources
of validity evidences of this instrument for Tai-
wanese children (Chen, Chang, & Yang, 2004;
Chen, Lin, & Liao, 2005; Chen & Yang, 2000;
Hung, Chen, & Chen, 2003; Wechsler, 1997).
Analysis of the data

Tests for the factorial invariance across
normal and clinical groups were based on the
analysis of covariance structure models using
LISREL 8.8 ( Joreskog & Sorbom, 2006). Fig.
1 shows the structure of the hypothesized base-
line model, in which 12 core WISC-III subtests

(with the exception of the optional Mazes subtest)
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are divided according to index-type: (1) Verbal
Comprehension Index, VCI; (2) Perceptual Or-
ganizational Index, POI; (3) Freedom from Dis-

tractibility Index, FDI; and (4) Processing Speed

INF
SIM
VOC
COM
PIC
PA
BLD
OA
ARI
DS
CD
SYS

Index, PSI. This baseline model was first tested
separately so that each group could examine its

appropriateness.

VCI

POI

FDI

PSI

Figure 1. Construct of the hypothesized WISC-III four-factor model

Next, invariance analyses with nested mod-
els were tested on three levels. Each level sets
more constraints than are imposed by the previ-
ous one (Meredith, 1993). The first and weakest
level tests for configural invariance, which as-
sumes that the overall factor pattern is the same
for both normal and clinical children. The second
level tests for weak factorial invariance, or also
called metric invariance; this constrained model
requires the magnitude of the factor loadings be
the same across all groups (Ay = Ac). The third
level tests for uniqueness invariance (Qy = B¢ );
this means examining whether WISC-III
four-factor-structure explains the same amount of
variances of subtests in both groups. That is,
whether the subtest abilities could be measured
with similar accuracy across groups.

All models were tested using covariance

matrices. Maximum likelihood was the estima-
tion method because of its robustness and sensi-
tivity to incorrectly specified models (Hu &
Bentler, 1998). The scale of latent factors was
defined by fixing the first factor loading as one
per factor. Criteria were evaluated jointly to as-
sess overall model fit (Bentler & Bonett, 1980;
Marsh, Balla, & McDonald, 1988). These in-
cluded weighted least squares Xz, L to df ratio,
goodness-of-fit index (GFI), adjusted good-
ness-of-fit index (AGFI), normed fit index (NFI),
non-normed fit index (NNFI), comparative fit
index (CFI), and root-mean-square-error of ap-
proximation (RMSEA). In accordance with con-
vention, a value of .90 served as the rule-of
thumb lower limit of acceptable fit for all fit in-
dices ranging from zero to 1, with 1 indicating a
perfect fit (Hoyle & Panter, 1995; Kline, 2005).
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Values close to 2.0 or 3.0 were considered fit for
the % to df ratio (Bollen, 1989). An RMSEA less
than .05 corresponded to a “good” fit and with .08
considered an “acceptable” fit (McDonald & Ho,
2002).

During each step of the analyses, the chi
square difference (AXZ) was tested between
nested models, and suggestions regarding to par-
tial measurement invariance (Byrne, Shavelson,
& Muthen, 1989; Byrne & Watkins, 2003) was
carefully considered and followed. If inadequate
fit was detected, fit in the model was improved

by including additional parameters identified by

the modification index (MI) provided by LISREL.

Meanwhile, re-parameterization was examined

carefully for meaningfulness.

Results
Descriptive statistics

The descriptive statistics for each subtest by

group are presented in Table 1, along with the

Shapiro-Wilk index (Shapiro & Wilk, 1965) for
normality testing.

According to the mean values in Table 1,
disabled children performed lower on all subtests
than their normal counterparts. The pattern of the
data for both groups approximated a normal dis-
tribution. Skewness ranged from -.34 to -.05 for
the normal, and from .07 to .55 for the disabled
group; kurtosis ranged from -.09 to .44 for the
former, and from -1.08 to -.22 for the latter group.
A majority of the Shapiro-Wilk indices were close
to 1. Muthén and Kaplan (1985) once suggested
that a likelihood estimate for variables with a
skewness and kurtosis around -1 to +1 is accept-
able. Kline (2005) also suggested that the z test
may not be very useful in large samples because
slight departures may end up as being statistically
significant. An alternative is to interpret the ab-
solute values of standardized indices. When the
absolute value of skewness is larger than 3, or the
absolute value of kurtosis is larger than 10, then

it is considered to be a non-normal problem. Our

Table 1. Descriptive statistics for both groups
Normal group (N =1,100) Clinical group (N = 1,150

Subtest M SD Sk Ku S-w M SD Sk Ku S-w
INF 10.28 3.05  -0.05 0.02 0.99 625  4.05 044 -046  0.94
SIM 9.74 365  -034  -0.08 0.98 659 450 026 -1.08  0.92
vOC 9.86 353 -0.31 0.07 0.98 6.53  4.03 028 -0.67  0.95
COM 10.21 330 -0.32 0.17 0.98 654 407 028 -0.69 095
PIC 10.35 3.05  -0.14 0.20 0.99 7.66 457 007 -097 095
PA 9.92 336 -024  -0.05 0.99 695 432 027 -093 0.95
BLD 10.16 314 -0.17 0.17 0.99 733 457 017 -089 095
OA 10.26 313 -0.19  -0.09 0.99 7.91 439 008 -077 097
ARI 10.56 3.06  -0.05 0.22 0.99 587  3.87 051 -022 094
DS 10.33 3.16  -0.06 0.06 0.99 672 381 033  -036 097
CD 10.14 317 -0.07 0.32 0.99 534 372 055 -046  0.92
SYS 10.33 325 -0.13 0.44 0.98 644 400 027 -0.62 095

Note: M = Mean; SD = Standard Deviation; Sk = Skewness; Ku = Kurtosis; S-W = Shapiro-Wilk test for normality
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results revealed that no serious non-normality Baseline model checking

was identified in the current data, and thus the

maximum likelihood method was applied for As indicated by all goodness-of-fit indices

model estimation. reported in Table 2, the initially hypothesized

Table 2. Multi-sample CFA goodness-of-fit index:

Models x? df y¥df GFI AGFI NFI NNFI  CFI RMSEA
Phase I : Baseline model fit for each group
Normal group (N) 176.32 48 3.67 0.97 0.96 0.99 0.99 0.99 0.049
0, free 14496 47 3.08 0.98 0.96 0.99 0.99 0.99 0.044
Clinical group (C) 449.86 48 9.37 0.94 0.90 0.98 0.98 0.99 0.085
0, free 360.18 47 7.66 0.95 0.92 0.99 0.98 0.99 0.076
10,12 free 31723 46 6.89 0.96 0.93 0.99 0.99 0.99 0.072
09 free 266.65 45 5.93 0.96 0.94 0.99 0.99 0.99 0.065
0,5 free 236.41 44 5.37 0.97 0.94 0.99 0.99 0.99 0.062
0,9 free 21135 43 4.92 0.97 0.95 0.99 0.99 0.99 0.058
Qs free 189.04 42 4.50 0.97 0.95 0.99 0.99 1.00 0.055
O34 free 163.41 41 3.99 0.98 0.96 0.99 0.99 1.00 0.051
Phase II : Factor invariance across groups
1. Configural Invariance 308.37 88 3.50 098  --m-mm- 099  0.99 0.99 0.047
2. Factor loading Invariance 338.76 96 3.53 098  ---—-- 0.99 0.99 0.99 0.047
A2 vs.1 30.39%* 8
2a. O34 free (N) 318.59 95 3.35 098 - 099  0.99 0.99 0.046
A2avs. 1 10.22 7
3. Error variance Invariance 46533 107  4.35 097 - 0.99 0.99 0.99 0.055
A3 vs. 2a 146.74%* 12
3a. O free (C) 440.15 106  4.15 097 - 099  0.99 0.99 0.053
A3avs. 2a 121.56*%* 11
3b. @y free (C) 405.31 105  3.86 097 - 099  0.99 0.99 0.050
A3b vs. 2a 86.72** 10
3¢. O free (C) 383.77 104  3.69 097 - 099  0.99 0.99 0.049
A3cvs. 2a 65.18%* 9
3d. Og free (C) 364.09 103  3.53 097 - 099  0.99 0.99 0.047
A3d vs. 2a 45.50%* 8
3e. O47 free (C) 342,72 102 3.36 098 - 099  0.99 0.99 0.046
A3evs. 2a 24.13%* 7
3f. ®12,1 free (C) 32593 101  3.22 098 - 099  0.99 0.99 0.045
A3fvs. 2a 7.34 6

Note: ** p<.01; @75 = error covariance between Block Design and Object Assembly; ©19,12 = error covariance be-
tween Digit Span and Symbol Search; ®79 = error covariance between Block Design and Arithmetic; ®g =
error covariance between Information and Object Assembly; @; = error covariance between Information and
Arithmetic; ®sg = error covariance between Picture Completion and Object Assembly; @34 = error covari-
ance between Vocabulary and Comprehension; @g; = error covariance between Picture Arrangement and
Block Design; ®,7 = error covariance between Comprehension and Block Design; ®¢¢ = error variance for
Picture Arrangement; ®;;; = error variance for Information; ®gg = error variance for Object Assembly; @12,12
= error variance for Symbol Search.
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four-factor model fits comparatively better for
the normal group than for the clinical sample.
This was a reasonable finding since Wechsler
factor structures have traditionally been estab-
lished based mainly on the normal population,
and clinical population is known to have some
distinct cognitive pattern.

We further examined the model fitness for
each population individually. For the normal
group, all “fit” values in this initial model were
within ideal ranges. Result revealed that the
four-factor structure is an appropriate construct
for normal population. To identify any modifica-
tion which may further improve this model, we
then proceeded in an exploratory fashion to lo-
cate possible mis-fit parameters. The highest MI
indicated an error covariance between Block
Design and Object Assembly subtests, which was
considered as a reasonable one. Once we relaxed
this error covariance for the normal group, a rela-
tively small but significant value was estimated
(standardized estimate®; ¢ = .13, t=5.51, p<.01 ).
This revised model fit was improved and thus
was treated as the starting model for normal
group in the following invariance checking.

The same inspection procedure was applied
to the clinical sample. With an RMSEA of .085
and the ¥’ to df ratio as 9.37 shown in the initial
model, we believed that some model modifica-
tions are needed for better improvement. After
free estimation of seven correlated residuals be-
ing allowed, a better-fitting model was estab-
lished. Since these trivial correlated residuals
were considered reasonable, this improved struc-
ture was set as the starting model for the clinical

sample.

Multi-sample invariance analysis

Based on the defined starting models,
multi-sample analyses were conducted with con-
straints embedded in sequence. First, checking
for configural invariance across groups (Model 1)
revealed a good model-data fit. Normal and
clinical children basically share the same latent
four-factor structure, and corresponding subtests
employ the same factors. Second, factor loadings
were then constrained to be equal across groups
(model 2). CFA results indicated a good model fit.
However, the y* difference between this model
and Model 1 was significant (Ay*(8)=30.39,
p<.01), an exploratory approach was then pro-
ceeded to locate misfit parameters. The highest
MI indicated an error covariance for normal
group between the Vocabulary and Comprehen-
sion subtests which was considered as with ap-
propriate meaning. Once relaxing this parameter
(model 2a), a relatively small but significant
value was estimated (standardized estimate ©; 4 =
0.05, t= 4.30, p<.01 ). The revised model had
improved fit and the y* difference between model
2a and model 1 was not significant (Ay*(7)=10.22,
p>.05). Finally, further constraints on error vari-
ance equivalence were imposed (model 3). The
model fit well from a practical perspective but
with a significant 7y difference (Ay*(12)=146.74,
p<.01), suggesting that unique variances are not
completely invariant under current model speci-
fication. MI checking again helped to indicate
mis-fit parameters. With six more error variances
and covariances being examined and set free for
estimation, the final model (model 3f) fit the data
fairly well and shown a non-significant y* differ-
ence (AyX(6)=7.34, p>.05) compared to model 2a.
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Standardized estimates based on model 3f
for each group are shown in Table 3. Again, the
scale of latent factors was defined by fixing the
initial first factor loading estimation as one per
factor. According to Table 3, while with the
four-factor structure and all factor loadings re-

main invariant, the differences between groups

RRBE T

mainly reside in trivial residual variance and
covariance terms. In general, only a few discrep-
ancies were identified across groups. The partial
factorial invariance in factor pattern, factor load-
ings, and error variances between normal and

clinical groups thus was supported.

Table 3. Standardized parameter estimates for invariance model 3f

Normal group (Clinical group)

Factor Uniqu Residual covariances ©

loadings q@

A INF SIM VOC COM PIC PA BLD OA ARI DS CD SYS

84 23 -
INF 54 (.35) ;

.89 22 0 -
SIM (.89) (.22) (0) -

.86 27 0 0 -
VOC  (z6) @y © © -

81 34 0 0 .06 -
com (.81) (.34) (0) 0) (.04) -

.79 38 0 0 0 0 -
PIC (79) 38 © © © ©O -

81 45 0 0 0 0 0 -
PA (8 2 © © © © © -

81 35 0 0 0 0 0 0 -
BLD (.81) (.35) 0) 0) ) (-04) (© (07 -
OA 72 40 0 0 0 0 0 0 12 -

(72) (56 (06 (0 (© (©) (09 (0 (15 -
ARI .85 27 0 0 0 0 0 0 0 0 -

(85) @) 0) © © © © © 06 0 -
DS .70 52 0 0 0 0 0 0 0 0 0 -

(70) 5 © © © © © © © © O -
cD .69 53 0 0 0 0 0 0 0 0 0 0 -

(69) ) ©® © © © © © © © © © -
SYS .82 24 0 0 0 0 0 0 0 0 0 0 0 -

(82) B39 ©® © © © © © © © © 1) © -

To sum up, the normal and clinical groups
differ with regard to the following trivial but
statistically significant parameters: (1) Two error
covariances were found resided in both normal

and clinical groups, the first was the correlated

residual between Block Design and Object As-
sembly subtests (©,5-.12 and .15 for each group
respectively); the other was the correlated resid-
ual between Vocabulary and Comprehension
subtests (034~ .06 and .04 respectively); (2)
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seven residual covariances were identified for the
clinical group only. There were correlated errors
between Digit Span and Symbol Search sub-
tests(@y9,, = .11, t = 6.10), between Block De-
sign and Arithmetic subtests (07 = .06, t =5.31),
between Information and Object Assembly sub-
tests (O, 5 = -.06, t = -4.93), between Information
and Arithmetic subtests (@;4 = .07, t = 5.31),
between Picture Completion and Object Assem-
bly subtests (@sg = .09, t = 5.93), between Pic-
ture Arrangement and Block Design subtests
(O7=-.07, t =-5.29), also between Comprehen-
sion and Block Design subtests (04, = -.04, t =
-3.87); and (3) four subtests shown variant error
variances across normal and clinical groups.
45
and .25 respectively); Information(®,; = .23

They were Picture Arrangement (Ogg

and .35 respectively); Object Assembly (Osg
= 40 and .56 respectively); and Symbol
Search(®,, , = .24 and .39 respectively).

Discussion

Findings of this study support the
four-factor structure, which is consistent with
many previous foreign analytic studies of the
WISC-III. Also confirmed was a generally in-
variant factor structure across normal and clinical
groups. With some exceptions regarding error
variances and correlated residuals, empirical
evidence generally supported that we were meas-
uring the same theoretical latent constructs for
both normal and clinical children. Besides,
measurement accuracy of most WISC-III subtests
was shown invariant across groups. Our findings
supported partial factor invariance. In general,
the WISC-III scores for both normal and clinical

children could be interpreted equivalently, that is,
as having the same meaning.

Byrne et al. (1989) suggested that allowing
for correlated errors is often necessary in order to
obtain a well-fitting model. These correlated
errors usually represent nonrandom measurement
errors due to method effects such as item format.
They further specified that, “the equality of error
variances and covariances is probably the least
important hypothesis to test ... it is widely ac-
cepted that to do so represents an overly restric-
tive test of the data” (Byrne, 1998, p.261).

In this study, we found correlated residuals
for Block Design and Object Assembly subtests,
also for Vocabulary and Comprehension subtests
in both normal and clinical samples. Item formats
for these two pairs are known to be similar, for
example, BLD and OA both involving a
part-whole integration, VOC and COM both re-
quiring more verbal oral expression, which are
not shared by other Wechsler subtests (Sattler,
2001), these residual covariances were consid-
ered meaningful and thus could be incorporated
reasonably. Nonetheless, it should be noted that
the degree of group discrepancy on estimated
values were fairly small for either pair (.12
vs. .15 for the former one, and .06 vs. .04 for the
later one), though this might indicate a differen-
tial item format effect across groups, there
seemed to be no real need for serious concern
about group discrepancy.

As shown in the results, seven other subtly
correlated residuals were detected in the clinical
group only. These estimated values range from
-.04 to .11, which were indeed quite trivial. The
ones with the most significant cross-group dis-

crepancies were the correlated residual between
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Digit Span and Symbol Search, and the corre-
lated error between Picture Completion and Ob-
ject Assembly. Further data examination revealed
that correlation between subtests in each pair was
higher in the clinical sample (r=.55 and .71 re-
spectively, both p<.01) then it was in the normal
group (r=.34 and .45 respectively, both p<.01).
This result showed that more subtest variances
are actually shared in the clinical population, and
it was in accordance with the known fact that
cognitive abilities are less correlated within the
higher ability group (Detterman, 1993; Detter-
man & Daniel, 1989; Legree, Pifer, & Grafton,
1996; Lynn, 1990; Lynn & Cooper, 1993, 1994;
Spearman, 1927). Sweetland, Reina, and Tatti
(2006) suggested that lower ability children may
have deficits in important central cognitive proc-
esses, and thus tend to operate on a more uniform
lower level.

Further more, it is clear from a review of the
literature that Digit Span and Symbol Search
both require children to form visual images, util-
ize visual scanning (either physically or men-
tally), have a tolerance for stress, and be able to
concentrate; meanwhile, Picture Completion and
Object Assembly both tap children’s ability to
form wholistic concepts on pictures with mean-
ingful contents (Sattler & Dumont, 2004). All
those correlated error terms in the clinical sample
might represent some shared components which
are more congruent in the clinical population. It
might also be reasonable to assume that, for
clinical children, once partitioning off the shared
variances between subtests which could be ex-
plained by latent factors identified in this
four-factor model, some trivial portion could

remain un-explained. However, given the sub-

tlety of such differences across groups, we be-
lieve that the overall main structure for WISC-III
can be fairly considered as stable enough across
normal and clinical populations.

Finally, four subtests were found with dis-
crepant error variances across groups. The error
variances for Information, Object Assembly, and
Symbol Search subtests were estimated slightly
higher in the clinical group, which revealed that
the corresponding tested intellectual abilities
could be explained more thoroughly by the
four-factor model in the normal children popula-
tion. On the contrary, the error variances for Pic-
ture Arrangement subtest was estimated slightly
higher in the normal group, thus suggested that
this kind of ability could be better explained by
the model in the clinical children population.
Many factors, such as population unique varia-
tion or ability level, could contribute to these
discrepant findings, or it could be the interaction
between test contents and population exception-
ality. While we remind researchers to be careful
when explaining the test result for children in
different population, the current findings surely
deserve further examinations.

Since our primary goal was to get a wholis-
tic view on factorial invariance across groups,
some inevitable limitations of the present study
deserve attention. First, even if the partial mea-
surement invariance approach helped us getting
the maximum information regarding the degree
of overall invariance, we realized that the ex-
ploratory post-hoc approach in identifying possi-
ble variant parameters could bring the risk of
identification on chance level. In this study, be-
sides the statistical MI indicators, we did monitor

each step and try to reason each modification
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with sensible meaning through the whole model
fitting process. Nonetheless, as Vandenberg and
Lance (2000) suggested, researchers must care-
fully consider and examine the theoretical justi-
fication when relaxing constraints in practicing
the partial invariance study. Second, it is good
that we used large and heterogeneous samples for
ensuring the stability and accuracy for parameter
estimations in this current study. However, with
such detailed model-fitting modifications, we
realize that it could be a problem for later
cross-validation. Researchers are encouraged to
aware of this limitation.

In summary, given the relatively large data
set and substantial number of variations with
which we were working, the findings were of
substantial importance for understanding the
factorial structure for this frequently used in-
strument. Consistent with contemporary research
findings, the underlying WISC-III factor struc-
ture is appropriately represented by the proposed
four-factor model comprising VCIL, POI, FDI, and
PSI. Moreover, except for some trivial discrepan-
cies on error variances and correlated residuals,
majorities of the model parameters were demon-
strated invariant across groups. Evidence of
multi-level invariance supported the partial factor
invariance of this instrument across normal and
clinical groups. The main structure and the un-
derlying meaning of each WISC-III factor are
generally identical for both normal and clinical

children populations in Taiwan.
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