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The cumulative percentage frequencies are presented for differences among reliable component analysis
(RCA) scores for the verbal comprehension, perceptual organization, freedom from distractibility, and
processing speed constructs assessed by the Wechsler Intelligence Scale for Children—Third edition
(WISC-IN) for the standardization sample and a learning disabled sample. Using RCA scores to form
differences has several advantages over traditional equally weighted scores for the WISC-IIL. J. C.
Caruso and N. Cliff (2000) presented tables to assess the statistical significance of differences among the
RCA scores for the WISC-III. It is important, however, to use a dual approach in interpreting difference
scores; both the statistical significance of a difference and the frequency with which it occurred in a
relevant comparison group should be determined. This article contains the information necessary for
practitioners to use the recommended dual approach to interpreting RCA difference scores for the

WISC-IIL

In the course of evaluating the results of an individual admin-
istration of the Wechsler Intelligence Scale for Children—Third
edition (WISC-III; Wechsler, 1991), differences among the four
index-level scores (Verbal Comprehension [VC], Perceptual Or-
ganization [PO], Freedom From Distractibility [FD], and Process-
ing Speed [PS}]) are often examined. In the WISC-III manual,
Wechsler (1991) stated that ““an important consideration in inter-
preting WISCII results is the amount of difference between the
IQ scores or between the factor-based index scores™ (p. 173). The
WISC-III manual recommends a dual approach to interpreting
index score differences: Both the statistical significance of the
difference and the frequency of the difference in the standardiza-
tion sample should be determined. The statistical significance of
the difference between two index scores is tested by hypothesizing
no actual difference between a person’s scores on the two mea-
sures (the null hypothesis) and determining if the observed differ-
ence refutes that notion. If the difference between the two observed
scores is larger than would be expected (under the null hypothesis)
at the selected probability level (e.g., « = .0S), then the examiner
can conclude that a true difference exists in the observed direction.
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The other method for interpreting WISC-III difference scores is
to examine the frequency of the observed difference in a relevant
comparison group. Knowing the frequency with which a particular
difference occurs in a relevant comparison group allows us to
assess the rarity, or abnormality, of that difference. Payne and
Jones (1957) originally described the utility of using the dual
approach for appropriately interpreting difference scores. Silver-
stein (1981) discussed the abnormality of difference scores for the
Wechsler Intelligence Scale for Children—Revised (Wechsler,
1974) and portrayed, through a hypothetical example, the problem
that might arise when basing interpretation on only the statistical
significance of a difference:

Discrepancies of at least 9, 12, or 16 points will be obtained by 49, 35,
or 20% of all subjects, so that while such discrepancies are reliable
[note that Silverstein equated “statistically significant” with “reli-
able”], they hardly can be regarded as abnormal. (p. 394)

The usefulness of the dual approach was subsequently emphasized
by several other authors (e.g., Berk, 1982; Kaufman, 1976; Pio-
trowski, 1978; Reynolds, 1979). The WISC-III manual includes a
table (Table B.1; p. 261) that provides the index score differences
required for statistical significance (at the .15 and .05 a levels) and
a table (Table B.2; p. 262) that presents the frequency of index
score discrepancies found in the standardization sample. Both
tables are based on differences between equally weighted index
scores, which is the method of score construction recommended in
the WISC-III manual.

One problem with interpreting difference scores, however, is the
fact that they tend to be unreliable. Several authors have recom-
mended that difference-score interpretations should be disre-
garded, or at least approached with great caution, because of this
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tendency (e.g., Cattell, 1982; Lord & Novick, 1968; Stanley,
1967). A primary reason that difference scores tend to be unreli-
able is because the scores on which they are based are often
strongly correlated. The formula for the reliability of a difference
(between scores with equal means and standard deviations),

ryt =2
ro=————mHo0_ =<
D 2 -2,

where ry, and r,, are the reliabilities of the individual scores and
ry, is the correlation between them, makes clear why this is the
case: A strong correlation between the variables included in the
difference results in a reduction in the reliability of the difference
score, whereas a low (or nonexistent) correlation between the
constituent variables results in high difference-score reliability. In
fact, when scores on the two measures are perfectly uncorrelated,
the reliability of the difference score is simply the average of the
reliabilities of the two constituent scores and typically a very
respectable value.

Reliable Component Scores

To deal with the problem of unreliability, Caruso and Cliff
(2000) provided a new method of computing differences for the
WISC-III. They recommended the use of reliable component
analysis (RCA) to define scores for the constructs assessed by the
traditional index scores and to compute differences based on the
RCA scores as opposed to the equally weighted scores. Although
the RCA scores themselves were shown to have several valuable
properties, the primary advantage that RCA difference scores have
is high reliability. The advantage that the RCA difference scores
have over equally weighted ones in terms of reliability was as high
as .10 in the standardization sample: The reliability of the differ-
ence between the RCA scores for VCC and POC was .88, com-
pared with .78 for the corresponding equally weighted difference,
and the reliability of the difference between the RCA scores for
VCC and FDC was .86, compared with .76 for the corresponding
equally weighted difference.! The RCA method provided a reli-
ability advantage of between .03 and .07 for the other four WISC-
III difference scores. The reasons that the RCA difference scores
are more reliable than equally weighted ones are the high reliabil-
ity of the RCA scores (r,; and r,, in the equation are high) and the
fact that the scores are uncorrelated (r), in the equation equals
Z€ero).

To aid in the interpretation of RCA differences, Caruso and CLff
(2000) presented the differences required for statistical signifi-
cance at the .15 and .05 « levels (Table 7, p. 93) that are analogous
to those presented in Table B.1 of the WISC-III manual for
equally weighted difference scores. However, no information on
the frequency of differences was given, and hence RCA score
users are currently unable to use the dual approach to difference-
score interpretation. Table B.2 of the WISC-III manual cannot be
used for RCA difference scores because the standard deviation of
a difference depends on the correlation between the constituent
scores and these correlations are not the same for RCA and equally
weighted scores.

Purpose
The main purpose of this article is to provide those practitioners
who use the RCA method of computing difference scores for the

WISC-III with the information necessary to use the dual approach
to interpreting score differences. Additionally, we use this oppor-
tunity to examine certain properties of the RCA scores in a sample
that is learning disabled.

Method
Data

Two samples were examined here to provide researchers and practitio-
ners with a choice of relevant comparison groups. The first sample (de-
scribed in greater detail in the WISC-III manual) is the standardization
sample (Wechsler, 1991), which consisted of 2,200 children with a mean
age of 11.00 years (SD = 3.11) distributed across an age range of 6 to 16
years. The second is a sample of 615 children from the eastern region of
Virginia. All of the children were referred by their schools for psychoedu-
cational assessments, and each child was diagnosed with a learning dis-
ability. The diagnosis of a learning disability was made by multidisci-
plinary teams on the basis of criteria established by the school division,
which are consistent with the state guidelines in Virginia. The mean age of
the sample was 10.67 years (SD = 2.47), and the range of ages was from 6
to 19 years (only 7 participants in this sample were older than 16 years of
age). The majority of children were male (67.8%). With respect to ethnic-
ity, 64.6% were White, 29.6% were African American, 3.8% were His-
panic, 1.0% were Asian American or Pacific Islanders, and 0.2% were
Native American.

Procedure

For each sample, equally weighted index scores were computed as
recommended in the WISC-III manual for VC, PO, PS, and FD. Differ-
ences among these scores were then derived through the simple difference
method (as recommended in the WISC-III manual). As noted above,
Caruso and Cliff (2000) analyzed the standardization sample of the WISC-
II with RCA, and the weights they presented were used to compute the
VCC, POC, FDC, and PSC scores for each sample examined here. Differ-
ences among RCA scores were also computed using the simple difference
method.

Results

Table 1 provides descriptive statistics for each sample. The
correlations among RCA scores are below the diagonal, those
among equally weighted scores are above the diagonal, and those
between corresponding RCA and equally weighted scores are on
the diagonal. In the standardization sample, the RCA scores have
zero correlations, but the equally weighted scores are strongly
correlated. The correlations are exactly zero in the standardization
sample because the original RCA for the WISC-III (Caruso &
Cliff, 2000) was performed on these data and the components are
orthogonal. For equal weighting, the correlation of .63 between
VC and PO is the strongest and indicates that the two scores share
nearly 40% of their variance. For the sample that was learning
disabled, the correlations between RCA scores range from —.21
(for VCC and POC) to .03 (for VCC and PSC), whereas those for
equal weighting range from .26 to .47. Although not exactly zero,

! In Caruso and Cliff (2000) and here, we follow the two-letter acronym
for each of the index scores with an additional C (for component) to
differentiate the RCA scores from their equally weighted counterparts. For
example, VC is the equally weighted Verbal Comprehension index, and
VCC is the verbal comprehension scores derived through RCA.
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Table 1
Descriptive Statistics for WISC-III Scores for RCA
and Equal Weighting

Equal weighting

RCA vC PO FD PS M SD
Standardization sample
vcC 92 63 .59 39 10000 15.00
POC .00 .85 5t 46 10000 15.00
FDC .00 00 77 40 10000 15.00
PSC .00 00 .00 93  100.00 15.00
M 100.29 10033 101.14  100.88
sD 15.00 15.10 14.46 14.84

Learning disabled sample

vCC .89 47 44 37 93.17 15.39
POC —.21 87 .36 A5 93.64 18.69
FDC -.17 -.11 .68 .26 91.32 14.08
PSC 03 01 -.13 94 95.06 16.36
M 91.40 91.24 88.07 94.20
SD 13.58 15.89 11.86 14.62

Note. Reliable component analysis (RCA) score correlations are below
the diagonal, and equally weighted score correlations are above the diag-
onal. WISC-III = Wechsler Intelligence Scale for Children—Third edi-
tion; VC = Verbal Comprehension index; PO = Perceptual Organization
index; FD = Freedom From Distractibility index; PS = Processing Speed
index; VCC = verbal comprehension component; POC = perceptual
organization component; FDC = freedom from distractibility component;
PSC = processing speed component.

the correlations between the RCA scores indicate that they share
much less variance (between 0 and 4%) than the equally weighted
scores (between 7% and 22%). The large proportion of variance
shared by the equally weighted scores results in low reliability for
their differences (see Caruso & Cliff, 2000). The values on the
diagonals of the correlation matrices presented in Table 1 indicate
that the RCA and equally weighted scores have good convergent
validity in both the standardization sample (with correlations be-
tween .77 [FD and FDC] and .93 [PS and PSC]) and in the learning
disabled sample (with correlations between .68 [FD and FDC] and
.94 [PS and PSC]). Note that the means and the standard deviations
for the RCA scores in the standardization sample are identical for
each WISC-III scale because of the way the scores were con-
structed (see Caruso & CIliff, 2000). In the learning disabled
sample, the means for the RCA scores are generally higher than the
means for the equally weighted scores. This can be interpreted as
a positive aspect of the RCA scores because the WISC-III is
explicitly a measure of ability, not achievement, and a common
definition of a leamning disability is average ability and below
average achievement. Therefore, the RCA scores appear to be less
biased against the learning disabled individuals in this sample.

Table 2 contains the means and standard deviations for the RCA
and equally weighted score differences. The RCA difference
scores always have larger standard deviations than the equally
weighted ones because the RCA scores have low (or zero) corre-
lations. The equally weighted difference scores are more strongly
correlated and therefore have much smaller standard deviations.
The means of the RCA difference scores tend to be smaller than
those for equal weighting because the RCA score means are less
variable (see Table 1).

Table 3 contains the cumulative percentage frequencies of dif-
ference scores derived from RCA scores for the standardization
sample and the leaming disabled sample. Although the main
purpose of this table is to allow researchers and practitioners to
compare their observed differences to two relevant comparison
groups, the values can be examined for a substantive interpretation
of the comparability of the two samples, and several points are
worth noting. First, the cumulative frequencies for the VCC-FDC,
VCC-PSC, and FDC-PSC differences are highly similar in the two
samples. Second, there is a tendency for larger VCC-POC, POC-
PSC, and POC-FDC differences to exist in the learning disabled
sample. Thus, each of the differences involving POC tends to be
larger in the learning disabled sample. The bottom of this table
contains the means and standard deviations of the absolute values
of the differences, as are provided in the WISC-III manual for
equally weighted scores.

Discussion

It is a relatively simple process to use Table 3 as an aid in
interpreting the results of an administration of the WISC-III when
the RCA scoring method is used, and we provide an example here.
Suppose that a child receives RCA scores of 100 on VCC and 80
on POC. The difference between these two scores is 20, and on the
basis of Table 7 from Caruso and Cliff (2000), this difference is
statistically significant at .05. Our conclusion, if our analysis ended
there, would be that a potentially actionable discrepancy had been
found. After all, if we can be confident that a discrepancy exists,
should we not ask why and determine if some remediation is
appropriate? However, examining the frequency with which a
discrepancy this large or larger occurred in the standardization
sample provides additional valuable information: The percentage
of the standardization sample with a difference this large or larger,

Table 2
Means and Standard Deviations for RCA and Equal Weighting
Score Differences

RCA Equal weight

Difference M SD M SD

Standardization sample

VCC-POC 0.00 21.21 -0.04 12.94
VCC-FDC 0.00 21.21 —0.84 13.28
VCC-PSC 0.00 21.21 —0.59 16.49
POC-FDC 0.00 21.21 —0.81 14.66
POC-PSC 0.00 21.21 —0.55 15.47
FDC-PSC 0.00 21.21 0.26 16.02
Leaming disabled sample
VCC-POC -047 26.58 0.16 15.27
VCC-FDC 1.85 22.59 333 13.53
VCC-PSC -1.89 22.13 ~2.80 15.82
POC-FDC 232 24.75 3.17 16.03
POC-PSC —1.42 2475 —2.96 16.00
FDC-PSC —3.74 22.89 —6.13 16.29

Note. RCA = reliable component analysis; VCC = verbal comprehen-
sion component; POC = perceptual organization component; FDC =
freedom from distractibility component; PSC = processing speed compo-
nent.
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Table 3
Cumulative Percentages of the Standardization Sample and Learning Disabled Sample Obtaining
Various RCA Score Discrepancies

WISC-IIT RCA difference score

VCC-POC VCC-FDC VCC-PSC POC-FDC POC-PSC FDC-PSC

Diff SDS LDS SDS LbS SDS LDS SDS LDS SDS LDS SDS LDS

=49 2.5 9.4 19 39 20 3.9 24 57 1.8 34 24 44
48 2.8 10.1 22 39 25 4.1 2.8 6.2 20 41 2.7 47
47 3.1 10.4 2.6 39 217 4.6 3.1 6.2 24 49 29 54
46 37 10.7 3.0 4.1 3.1 4.6 35 6.7 29 54 35 54
45 44 115 33 4.1 36 55 40 70 34 54 39 54
4 48 13.0 38 47 4.1 6.0 45 8.1 3.8 72 43 54
43 53 13.2 42 47 45 6.2 5.0 8.1 4.1 73 47 57
42 57 13.5 4.7 6.3 53 73 5.5 8.1 4.6 8.6 5.0 59
41 6.0 13.8 50 6.5 5.6 7.6 6.0 8.1 52 9.6 5.7 63
40 6.2 15.3 5.7 7.6 6.1 7.8 6.7 9.1 517 10.2 6.3 6.3
39 6.9 16.3 6.6 9.3 6.8 8.1 7.3 9.6 6.7 11.7 6.8 7.0
38 7.4 16.6 76 104 15 8.1 83 10.7 7.8 12.8 74 7.5
37 8.1 i7.1 86 109 8.1 93 9.1 124 8.6 14.5 84 15
36 8.8 18.4 92 111 9.1 10.7 10.0 137 9.6 16.1 9.3 9.6
35 9.7 19.5 10.1 11.7 10.2 119 105 14.1 10.5 17.1 10.7 10.2
34 106 221 11.5 12.5 115 141 114 164 115 185 116 124
33 119 228 12.2 13.8 12.3 14.6 12.3 16.7 125 234 125 13.3
32 13.0 241 14.0 14.1 134 146 13.7 i84 141 25.0 137 153
31 140 254 15.1 16.1 14.7 15.3 14.7 19.5 155 265 14.8 17.7
30 15.1 26.5 16.6 16.4 16.0 174 158 233 176 278 16.2 19.7
29 168 294 17.7 19.2 17.8 185 173 257 194 294 180 203
28 186  30.6 19.6 19.5 19.5 190 189 283 208 311 196 221
27 204 315 219 205 212 202 206 298 223 330 212 224
26 219 325 233 228 230 220 221 31.1 242 340 228 231
25 237 332 250 257 252 228 236 320 260 358 249 2638
24 258 348 267 298 270 259 256 356 277 366 266 289
23 283 359 291 324 291 273 282 385 300 380 288 294
22 31.1 371 3.7 358 317 280 308 395 322 400 312 312
21 33.1 403 336 372 342 320 334 416 343 410 330 330
20 355 416 357 405 365 335 359 436 368 429 358 366
19 38.1 434 383 415 390 353 380 455 389 449 378 393
18 404 457 403 450 413 379 405 480 415 454 401 43.1
17 435 485 436 486 439 410 437 496 438 488 430 442
16 462 496 465 519 467 437 462 519 463 537 455 480
15 499 517 496 532 504 472 490 550 491 572 481 489
14 535 551 532 567 537 535 521 564 521 600 515 530
13 560 590 562 589 572 556 557 595 57 629 542 556
12 594 616 599 613 603 593 592 629 574 657 570 584
11 623 655 629 660 637 644 622 652 611 676 603 600
10 650 689 668 681 671 680 656 699 642 704 640 652

679 709 692 737 700 711 694 733 679 722 669 719

714 737 726 751 733 741 731 751 715 756 712 738

753 772 758 785 768 772 767 766 744 776 750 771

79.1 824 789 826 803 816 801 813 786 813 795 803

83.1 8.3 826 852 842 844 843 837 825 847 831 85.5

870 883 867 86 82 912 878 886 85 876 868 896

90.7 914 904 919 916 946 910 922 900 919 902 943

942 940 943 946 951 963 952 971 945 945 940 954

980 94 982 992 983 995 985 989 985 980 986 989
1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 100.0

M 169 206 17.1 18.1 16.9 17.5 170 196 16.9 19.9 16.8 18.0
SD 129 16.8 12.7 13.6 12.7 138 128 15.1 12.8 14.7 14.1 14.6

O = NWhH U IO

Note. RCA = reliable component analysis; WISC-III = Wechsler Intelligence Scale for Children—Third
edition; VCC = verbal comprehension component; POC = perceptual organization component; FDC = freedom
from distractibility component; PSC = processing speed component; SDS = standardization sample; LDS =
learning disabled sample.
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found in Table 3, is 35.5%. If we were to suggest remediation for
this child, we would need to make the same suggestion for over
one third of the population, putting this child’s discrepancy in
perspective.

The identification of a difference of 20 as statistically significant
is made possible by the high reliability of the VCC-POC difference
score (.88; Table 4 of Caruso & Cliff, 2000), but that says nothing
about whether the difference is rare, abnormal, important, or
deserving of a remediation plan. Larger differences occur less
frequently, and at some point determined by the individual prac-
titioner, the difference will be sufficiently rare to warrant further
action. The definition of rare that the individual practitioner selects
may be determined by resource availability, other theoretical con-
siderations, or, by default, one might use 5% or 10% as a reason-
able definition (cf. Cahan, 1986; Glutting, McGrath, Kamphaus, &
McDermott, 1992; Silverstein, 1981). The strength of the dual
approach is that we can take measurement reliability into account
when determining the statistical significance of the difference and
then examine the importance of the difference by associating the
examinee’s difference score with a relevant comparison group.

Using this article and the RCA weights provided in Caruso and
CIiff (2000), practitioners will now be able to use RCA to calculate
highly reliable difference scores and to examine those differences
for both statistical significance and rarity. Furthermore, the rarity
of observed differences can be interpreted relative to a “normal”
sample (i.e., the standardization sample) or a large leamning dis-
abled sample. In general, the standardization sample would pro-
vide the more relevant comparison group, as in the above example.
Some practitioners or researchers, however, may be interested in
the placement of a child within a sample of children formally
diagnosed with a learning disability. For example, special educa-
tion service providers may use the information to gauge the level
of service appropriate for a child. A child with a severe discrep-
ancy, relative to other children with learning disabilities, may have
an individual education plan that includes a large amount of
individual instruction, whereas a child whose scores indicate a less
severe relative placement may have an educational plan that in-
cludes more group instruction. Of course, other information will be
used to develop the educational plan for a child, but the rarity of
a discrepancy in the learning disabled sample may be helpful. As
more and more students are diagnosed with a learning disability
(U.S. Department of Education, 1999), an issue that is becoming
increasingly salient is the availability of resources for special
education programs and the effect that various scoring methods
and cutoff scores have on the number of children declared eligible
(Braden & Weiss, 1988; Clarizio & Phillips, 1989; Evans, 1992;
Payette & Clarizio, 1994). Comparing a child diagnosed with a
learning disability with others with the same diagnosis should be
helpful in determining where resources can be most appropriately
devoted.

We recommend the following steps be taken when using the
RCA approach. First, compute the RCA scores for VCC, POC,
FDC, and PSC using the weights provided in Table 1 of Caruso
and Cliff (2000). Then compute the difference scores and examine
them for statistical significance using Table 7 from the same
article. Next, for those differences that are statistically significant
at a chosen a level, examine the frequency with which they
occurred in the standardization sample using Table 3 of this article.
Those differences that are both statistically significant and suffi-

ciently large to be considered rare in the standardization sample
should then be the focus of test interpretation. When it is deter-
mined that the differences, combined with supporting information
from other tests or other sources, are deserving of some individual
education plan, the test interpreter may wish to compare the child’s
score with those of the learning disabled sample for assistance in
determining the level of service to provide, as discussed above.

This study has certain limitations. First and foremost, the sample
sizes were not large enough at the group level to provide separate
analyses for individuals varying with respect to ethnicity. Future
research examining the frequency of RCA differences in specific
ethnic groups, as well as other aspects of the RCA scores such as
their intercorrelation and reliability, would certainly be helpful for
researchers who work with minority populations. Also, some prac-
titioners may be hesitant to use differentially weighted scores
because the weights are sample dependent (Cohen, 1990) or be-
cause the scores are more complicated to compute than the tradi-
tional equally weighted scores (Nunnally, 1970). We have ad-
dressed these issues elsewhere (Caruso & Cliff, 2000), but the
basic defense of differential weighting is that the differential
weights are often (as in the case of the WISC-III) highly replicable
across samples, and that the added time necessary to use the
differential weighting system is trivial compared with the total
administration, scoring, and interpretation time for the test. Fur-
thermore, there is no reason to believe that each of the subtests of
the WISC-III will contribute equally to their respective factor
score. The constructs for which scores are derived on the WISC-
IIT are merely reifications, and it therefore seems allowable (and
logical) to construct the scores in the manner that is most advan-
tageous. The equally weighted index scores have several psycho-
metric weaknesses, and this results in questionable validity (see,
e.g., Glutting, Youngstrom, Ward, Ward, & Hale, 1997) and
potential bias (Perloff & Persons, 1988). The uncorrelatedness (or
near uncorrelatedness in the learning disabled sample) of the RCA
scores is a valuable property in and of itself that additionally leads
to other advantages (e.g., high reliability for differences), and for
these reasons, we recommend that RCA be used to compute scores
for the WISC-III. The present results will allow for a more
comprehensive analysis of differences computed from RCA
scores.
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