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Abstract. Many school psychologists use the Cattell-Horn—Carroll (CHC) theory
of cognitive abilities to guide their interpretation of scores from intelligence test
batteries. Some may frequently assume that composite scores purported to mea-
sure the same CHC broad abilities should be relatively similar for individuas no
matter what subtests or batteries were administered to obtain these scores. This
study examined this assumption using six samples of preschool children, school-
age children, or adultswho completed two or moreintelligence test batteries. From
these sampl es, composites measuring the broad abilities Crystallized Intelligence,
Visual Processing, Fluid Reasoning, and Processing Speed were compared to ex-
amine their exchangeability. Results indicate that most CHC broad ability com-
posites produced scoresthat were not as exchangeable for individuals as may have
been assumed by some. Discussion focuses on the influence of score reliability
and on theinteraction between examinee characteristics and the tasks used to mea-

sure the broad abilities.

Two notable trends in the assessment of
cognitive abilities have emerged. The first is
the movement toward theory-based test devel -
opment and test interpretation (Kamphaus,
Winsor, Rowe, & Kim, 2005). Perhaps most
prominent among these theories is the
Cattell-Horn—Carroll (CHC) theory of cog-

nitive abilities (Alfonso, Flanagan, & Radwan,
2005). Many recognize the sources of this
theory, the Cattell-Horn Gf—Gc theory
(Horn, 1991; Horn & Blankson, 2005) and
the Carroll three-stratum theory (Carroll,
1993, 2003), asthe most complete and empiri-
cally supported descriptions of the structure of
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human cognitive abilities (Kamphaus, 2001;
McGrew, 2005; Sattler, 2001).

CHC theory describes a hierarchical
model of cognitive abilities that vary accord-
ingtolevel of generality: narrow abilities(Stra-
tum 1), broad abilities (Stratum I1), and in the
minds of some, general intelligence (g; Stra-
tum I11). Narrow abilities include approxi-
mately 70 highly specialized abilities. Broad
abilitiesinclude Fluid Reasoning, Crystallized
Intelligence, Short-Term Memory, Visual Pro-
cessing, Auditory Processing, Long-Term Re-
trieval, Processing Speed, Reading and Writ-
ing Ability, Quantitative Knowledge, and Re-
action Time/Decision Speed. There appearsto
be consensus that the CHC theory provides a
common nomenclaturefor describing the broad
abilities measured across test batteries (see
Flanagan & Ortiz, 2001; McGrew & Flanagan,
1998). In contrast, the existence of a single
higher order general factor (g) is the focus of
much debate—even among namesakes of the
CHC theory (see McGrew, 2005). Some re-
searchers, such as Carroll (1993, 2003) and
Jensen (1998), assert that (a) this general fac-
tor represents well what is shared among the
broad abilities and (b) it is the only cognitive
ability tapped by all ability measures. Con-
versaly, othersresearchers, suchasHorn (1991),
argue for afocus on the somewhat independent
broad abilities and relegate g to a Protean and
relatively meaningless conglomerate of more
specific cognitive abilities. From this latter
perspective, measures of most or al of CHC
broad abilities should be considered, with rela-
tively equal weight, when completing a cog-
nitive ability assessment (Carroll, 1993).

The influence of what would become
CHC theory gained momentum in school psy-
chology inthelate 1980s and early 1990swith
the publication of the Woodcock—Johnson
Testsof CognitiveAbility, Revised (Woodcock
& Johnson, 1989) and the publication of
Woodcock’s (1990) research examining broad
abilities measured by prominent intelligence
tests. Later in the 1990s, McGrew, Flanagan,
and Ortiz published works espousing the
Cross-Battery approach to guide the compre-
hensive measurement of broad and narrow
abilities (Flanagan & McGrew, 1997;

Flanagan, McGrew, & Ortiz, 2000; Flanagan
& Ortiz, 2001; McGrew & Flanagan, 1998).
Subsequently, test authors and publishersused
CHC theory to guide the revisions of severa
prominent test batteries (see Alfonso et al.,
2005). These batteriesinclude the Woodcock—
Johnson 111 Tests of Cognitive Abilities (WJ
I11; Woodcock, McGrew, & Mather, 2001), the
Stanford-Binet Intelligence Scales, Fifth Edi-
tion (SB5; Roid, 2003), and the Kaufman As-
sessment Battery for Children, Second Edition
(KABC-II; Kaufman & Kaufman, 2004a). The
Wechsler Intelligence Scale for Children,
Fourth Edition (Wechsler, 2003) also appears
to be more closely aligned with CHC theory
than its predecessors. Based on this apparent
influence of CHC theory, Flanagan and
Kaufman (2004) remarked, “Never before in
the history of intelligence testing has a single
theory (indeed any theory) played so promi-
nent arolein test development and interpreta-
tion” (p. 14).

The second trend in the assessment of
cognitive abilities has stemmed directly from
CHC theory and its applications to test inter-
pretation. Based on the salient criticisms of
interpreting subtests as measures of specific
cognitiveabilities (e.g., McDermott, Fantuzzo,
& Glutting, 1990), interpretation of measures
of cognitive abilities appears to have focused
on composite scores designed to represent
broad and narrow abilities with greater reli-
ability than subtests. The Cross-Battery ap-
proach of McGrew, Flanagan, and colleagues
provided the means to operationalize nine of
the CHC broad abilities and numerous narrow
abilitiesviacomposite scores. Consistent with
this trend, the WJ I11, SB5, and KABC-II dl
produce composites measuring Fluid Reason-
ing, Crystallized Intelligence, Short-Term
Memory, and Visual Processing. The WJ |11
and the KABC-I1 produce composites measur-
ing Long-Term Retrieval. Research using some
of these CHC broad ability composites has
focused on their relativeimportancein predict-
ing achievement domains (e.g., Evans, Floyd,
McGrew, & Leforgee, 2002; Floyd, Evans, &
McGrew, 2003) and on profiles of these com-
positesfor children with exceptionalities (e.g.,
Floyd, Bergeron, & Alfonso, 2005; Proctor,
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Floyd, & Shaver, 2005; Rizza, Mclntosh, &
McCunn, 2001). Based onthesetwo trends, itis
apparent that interpretation of composite scores
representing the CHC broad ahilities is the fo-
cus of notable research attention, and it very
likely has become the focus of cognitive abil-
ity assessment by many school psychologists.

Score Exchangeability

Thereare severd issuesthat deserve con-
siderable contemplation and research when
considering these two trends (Glutting,
Watkins, & Youngstrom, 2003). Oneissue re-
lates to the assumption that different compos-
ite scores—purported to measure the same
ability—from different batteries provide com-
parable norm-based scoresfor individuals. Just
as consumers expect that thermometers sold
by different manufacturers, blood pressure
gauges devel oped by different medical suppli-
ers, and radar guns that came from different
vendors should yield similar temperatures, pro-
vide similar readings of systolic and diastolic
blood pressure, or similar vehicle speeds on
the same target, many assume that measures
of the same construct should, within reason,
yield similar results on the same individual.
This issue is best described as one of score
exchangeability (Floyd, Clark, & Shadish,
2005). Score exchangeability is consistent
with the well-known psychometric property
convergent validity (Campbell & Fiske,
1959), which focuses on patterns of relations
between measures of the same construct
measured by different methods, and similar
to the goal of convergence of indicators
(Messick, 1989), which focuses on the assump-
tion that individual s should perform at similar
levelson avariety of indicators of aconstruct.
Methods to examine score exchangeability
focusonthelevel of analysisof theindividual
inamanner mirroring the day-to-day decisions
of school psychologistsand othersinvolvedin
ability assessments who strive to generalize
their interpretation of these compositesto fami-
liesof related measuresavailableto them. This
focuson theindividual is consistent with calls
for a person-oriented approach and accompa-
nying methodology to understand individual
patterns of development over time (Bergman

& Magnusson, 1997; Cairns, Bergman, &
Kagan, 1998). It also is in response to appar-
ent frustration with the poor ability of group-
datamethodol ogy to focus on the response pat-
terns of individuals on intelligence tests (e.g.,
Flanagan & Kaufman, 2004).

Score exchangeability is probably best
examined using a number of statistical tech-
niques. In research and test manuals, it istypi-
cal that correlations between two scores pur-
ported to measure the same construct are pre-
sented. These results are often accompanied
by reports of the difference between the aver-
age scores (i.e., means) from thetwo measures
included in the correlational analyses.! For
example, inasample of 8- to 12-year-old chil-
dren, the correl ation between the KABC Men-
tal Processing Composite (Kaufman &
Kaufman, 1983) and the KABC-II Fluid-Crys-
tallized Index was shown to be .81, and the
differencein the meansfor two scoreswas 5.3
standard score points (Kaufman & Kaufman,
20043, p. 110). However, correlations and dif-
ferencein mean values convey only how scores
tend to agree when ranking individuals above
and below the average score on respective
measures and whether the average score for
one measure tends to be higher than the aver-
age score for another measure. Individually,
each of these statistical techniques directly
conveys little about what should be expected
at the level of the individual.

Additional statistical techniques can fo-
cus greater attention both on unreliability of
measurement and on absolute differences be-
tween scores at the level of the individual. In
order to consider unreliability of measurement
in examining score exchangeability, confi-
dence intervals (based on reliability coeffi-
cients) surrounding obtained scores can be
considered (Charter & Feldt, 2000). With this
consideration, the meaningfulness of differ-
ences between obtained scores can be judged
more appropriately. Because typical correla
tion coefficients neither quantify the extent
to which two scores differ on an absolute
level in measuring the same ability nor al-
low for more than two scores to be com-
pared, absolute unit dependability coeffi-
cients using generalizability theory can be
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reported (Brennan, 2001; Cronbach, Gleser,
Nanda, & Ragjaratnam, 1972; Shavelson &
Webb, 1991). For example, the absolute unit
dependability coefficients measure the extent
to which a single score can be generalized to
the universe of scores measuring the same con-
struct. In addition, generalizability theory
analyses can provide information about the
influences that have the largest effects on
scores. Overall, these techniques examining
exchangeability bring the researcher closer to
thelevel of theindividual during the consider-
ation of score differences.

Purpose of the Study

This study was designed to (a) examine
the assumption of score exchangeability when
considering CHC broad ability compositesand
(b) yield results reflecting the reasons for dif-
ferences in exchangeability values. To inves-
tigate these issues, 40 composite scores mea-
suring four broad abilities most commonly in-
cluded in prominent test batteries—Fluid Rea-
soning, Crystallized Intelligence, Visual Pro-
cessing, and Processing Speed—were compared
to other composites measuring the same ahility.
Composites were formed from two or more
subtests’ from seven contemporary intelligence
test batteries. Exchangeability statistics were
used to compare how well the composite scores
produce similar scores for individuals.

Method
Participants

Composite scores stemmed from data
from six samplesof children or adultsthat were
collected as part of the process designed to
produce validity evidence supporting the use
of published cognitive ability test batteries.
Acrossall samples, morethan 800 children and
adults participated. They ranged from 3 years
to more than 50 years of age.

Sample 1. Asreported by McGrew and
Woodcock (2001), 202 toddler- and preschool -
age children completed in counterbalanced
order the Wechsler Preschool and Primary
Scale of Intelligence—Revised (WPPSI-R;
Wechdler, 1989), the Differential Ability Scales

(DAS; Elliott, 1990), and the WJ 111 (Wood-
cock et a., 2001). From this sample, children
ages 36 months and older were selected. The
subsample included 117 White children
(65.4%), 59 Black children (33.0%), and 3
Asian/Pacific Islander children (1.7%).

Sample 2. Asreported by McGrew and
Woodcock (2001) and Phelps, McGrew,
Knopik, and Ford (2005), 150 children in
Grades 3, 4, and 5 completed in counterbal-
anced order theWechdler Intelligence Scalefor
Children—Third Edition (WISC-III;
Wechdler, 1991) and the WJ 111 (Woodcock et
a., 2001). The sample included 148 White
children (98.7%).

Sample 3. Asreported by McGrew and
Woodcock (2001), 130 children in Grades 3,
4, and 5 completed in counterbalanced order
the DAS (Elliott, 1990) and the WJ 11 (Wood-
cock et a., 2001). The sample included 124
White children (95.4%) and 6 Black children
(4.6%).

Sample 4. Asreported by Kaufmanand
Kaufman (20044), 119 children ages 8 to 13
(M =124.7 months, SD = 18.5 months) com-
pleted in counterbalanced order the KABC-II
(Kaufman & Kaufman, 20044) and the WI1SC—
111 (Wechsler, 1991). From this sample, chil-
dren ages 8 to 12 were selected because the
battery differs somewhat for children ages 13
and older. The sampleincluded 71 White chil-
dren (61.2%), 18 Hispanic children (15.5%),
9 African American children (7.8%), and 9
Asian children (7.8%).

Sample 5. Asreported by Kaufman and
Kaufman (2004a), 86 children ages 7 to 16
completed in counterbalanced order the
KABC-II (Kaufman & Kaufman, 2004a) and
the WJ Il (Woodcock et a., 2001). From this
sample, children ages 8 to 12 were selected.
The sample included 50 White children
(60.2%), 16 Hispanic children (19.3%), 8Asian
children (9.3%), and 5 African American chil-
dren (6%).

Sample 6. Asreported by McGrew and
Woodcock (2001), 205 undergraduate students
completed in counterbalanced order (a) the
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WAIS-II (Wechsler, 1997) and the WJ I11
(Woodcock et al., 2001), (b) the Kaufman Ado-
lescent and Adult Intelligence Test (KAIT;
Kaufman & Kaufman, 1993) and the WJ IlI,
or (c) al three test batteries. About half of the
sample were students diagnosed with alearn-
ing disability or a learning disability and at-
tention-deficit/hyperactivity disorder. The
other half volunteered as participants. The
sample included 187 White students (92.1%)
and 14 Black students (6.9%).

Measures

Composites are organized in Table 1 by
the CHC broad abilities they measure. The
table presents descriptions and psychometric
properties of 40 composites used in the analy-
ses. Subtests contributing to each composite
arelisted, and these subtests are bolded if fac-
tor analytic evidence organized in a manner
consistent with CHC theory supportsthe broad
ability designation. The primary CHC narrow
ability thought to be measured by each subtest
is also listed and marked with an asterisk if
more than one narrow ability may be measured
(Flanagan & Ortiz, 2001; Kaufman &
Kaufman, 2004a; McGrew & Flanagan, 1998;
McGrew & Woodcock, 2001).

As evident in Table 1, 13 composites
stemmed directly from scoring the test battery
(test battery-based composites), and 27 were
derived from two or more norm-based subtest
scores (derived composites). Test battery-based
compositeswereincluded if they contained at
least two subtests that yielded qualitatively
different measures of CHC narrow abilities.®
Derived composites were constructed when
test batteries (a) contained at |east two subtests
measuring the same broad ability and differ-
ent narrow abilities* and (b) did not include
them in atest battery-based composite consis-
tent with CHC theory.> When more than two
subtests measuring the same broad ability were
identified within a test battery, all pair-wise
combinations of those subtests were used to
create composites. To form derived compos-
ites, scaled scores (M = 10, SD = 3) from the
WPPSI-R, WISC-lII, KABC-1I, WAISHII,
and KAIT, and T scores (M = 50, SD = 10)
from the DAS were first converted to devia-

tion 1Q scores (M = 100, SD = 15). Relevant
subtest scores were then averaged to produce
broad ability composites. All scores stemmed
from use of age-based norms.

Reliability. Reliability coefficients for
test battery-based and derived compositeswere
obtained from information included in test bat-
tery manuals, and they arereported in Table 1.
All reported reliability coefficients, except
those for the three Processing Speed compos-
ites, areinternal consistency coefficients, such
as split-half reliability coefficients. The reli-
ability coefficients for the Processing Speed
composites are test—retest reliability coeffi-
cients. Reliability coefficientsfor test battery-
based composites are (a) either means or me-
dians reported in their respective test manuals
or (b) means across specified age groups cal-
culated for this study. Reliability coefficients
for derived composites were calculated using
(a) subtest reliability coefficients averaged
across ages and (b) correlations between
subtests (Nunnally & Bernstein, 1994). When
the test manual did not report a mean or me-
dian reliability coefficient across age groups
with the level of specificity needed for the
analysis, theaverage (mean) reliability for test-
based composites or for subtests in a derived
composite was calculated by converting the
reliability coefficients for each specific age
group to z scores using Fisher’s transforma-
tion, averaging the z scores, and converting the
average z score back to a coefficient. In every
case in which correlations between subtests
were needed to calculate reliability estimates
for derived composites, correlations for the
specified age groups were reported in the
manuals (i.e., WPPSI-R, WISC-I1l, DAS, WJ
111, and KABC-II).

General factor loadings. General fac-
tor loadings represent the correl ations between
the subtests and the latent factor that is pre-
sumed to beg. Thesevalueswerefirst obtained
for each subtest contributing to a composite,
and they arereported in Table 1. Two methods
wereemployed. First, g loadingswere obtained
from test manuals, test authors, or other pub-
lished resources (Elliott, 1990; Kaufman &
Kaufman, 1993, 2004a; K. S. McGrew, per-
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sonal communication, November 21, 2003;
Sattler, 2001; Sattler & Ryan, 2001; Sattler &
Saklofske, 2001). Although the published g
loadings of subtests stem from large, nation-
ally representative standardization samplesfrom
batteries including multiple reliable subtests
measuring severd broad abilities—whichisided
for measuring g (Jensen & Weng, 1994)—g load-
ings may vary somewhat as a function of the
composition of the battery (Thorndike, 1987).
To addressthis concern and to standardize d| of
thegloadingsfor subtests, principal component
analysiswas used to obtain g loadingsfor each
of the six samples used in this study by select-
ing all cognitive ability subtests included in
each sample and extracting a single principal
component. Across the six samples, the num-
ber of subtestsincluded in the analysisranged
from 24 to 34, and samplesizesfor theseanaly-
ses ranged from 76 to 144.

In Table 1, the published g loadings are
represented on the left side of the sixth col-
umn from theleft, and the gl oadings conducted
for this study are included on the right side of
that column. In cases in which more than one
data set contained subtests contributing to
compositesincluded in the study, their g load-
ings were averaged across data sets. Because
of the notablevariation in g loadings of subtests
for the three age groups in which the WJ 111
was used, g loadingsfor subtests and compos-
ite g loadings for the WJ 1l composites are
reported for each age group. Subtest g load-
ingsof .70 or higher are considered high, those
from .50 to .69 medium, and those below .50
low (McGrew & Flanagan, 1998; cf., Kaufman,
1994). Due to the absence of g loadings re-
ported for composites, mean g loadings for
composites were calculated by averaging the
g loadingsfor subtestsin each composite. The
composite g loadings are reported in the far
right side of Table 1.

Analyses

All exchangeability indices were com-
puted using the total samples.® Data screening
procedureswere conducted, and exchangeabil-
ity was examined using several techniques. As
evident in Table 2, analysesincluded cal cul at-
ing Pearson product-moment correlation co-

efficients (r) between each pair of broad abil-
ity composite scores. Due to many composite
score distributions displaying restriction of
range during preliminary analysis, Pearson
correlations were corrected for restriction of
range (Cohen, Cohen, West, & Aiken, 2003;
Gulliksen, 1987). Next, the differences be-
tween the mean scores for each pair of com-
positeswerereported (see DM columnin Table
2). These values stem from subtracting the
mean of the composite stemming from the
more recently normed test battery (e.g., the
KABC-I1) from the mean of the composite
from the test battery normed earlier (e.g., the
WISC-II1).

To quantify the extent and magnitude of
score differences between composites, each
individual’s norm-based composite score(i.e.,
adeviation | Q score) stemming from the more
recently normed battery was subtracted from
the corresponding composite score stemming
from the test battery normed earlier. Because
these difference values may be negative (if
scores from the test battery normed later are
higher) or positive (if scoresfrom the test bat-
tery normed earlier are higher), with a rela
tively normal distribution, the mean difference
would be 0 or near it because the negative and
positive difference values tend to cancel each
other out. To address this issue, Table 2 pre-
sentsthe mean absolute value of the difference
between the composites (see MADI column).
Thus, the average difference between scores—
regardless of whether the difference is nega-
tive or positive—is presented.

Table 2 aso presents the percentage of
parti cipantswho displayed agreement, or non-
significant differences, between composite
scores. Two methodswere used that stem from
the distribution of the absolute value of the
differences between scores. The first method
stems from guidelines from McGrew and
Flanagan (1998). Using thismethod, if the dif-
ference between composite scores for an indi-
vidual—regardless of whether negative or
positive—islessthan or equal to 10 points, the
compositeswere classified asagreeing for that
individual.” (See A10 column in Table 2.) Al-
though this approach to agreement between
compositesis useful because it uses the same
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standard to compare al composite pairs, it does
not consider the actual reliability of the com-
posites, and it purportsto represent arelatively
small confidence interval (i.e., 68%). To ad-
dress these concerns, a second analysis of
agreement included cal culation of 90% confi-
denceintervals based on the reliability coeffi-
cients for composites presented in Table 1
(Charter & Feldt, 2000). If the difference be-
tween composite scores for an individual—
regardless of sign—was less than or equal to
the value associated with the sum of half of
the 90% confidenceinterval for each compos-
ite, the compositeswere classified asagreeing
for that individual (see ACI column in Table
2). For example, for the WPPSI-R Gc4 minus
DA S Verbal comparison, the confidenceinter-
val value for the WPPSI-R Gc4 is 6.06 and
thevauefor DASVerbal is8.58. Their sumis
14.64, and score differences lessthan or equal
to the composites were classified as agreeing.
Tofacilitate comparison between thetwo types
of agreement described here, the specific val-
ues for the 90% confidence interval analysis
arereported in parenthesesin the ACI column
inTable 2.

Generalizability theory was used to es-
timate the dependability of broad ability com-
posite scores and to determine the amount of
variancein obtained test scores associated with
different test batteries and with error. These
results are presented on the right side of Table
2. Variance components were obtained using
the General Linear Model and Variance Com-
ponents subprograms from SPSS 12.0. For
each comparison, variance components were
calculated that represented differences in in-
dividuals measured ability that is systemati-
cally dueto thetest battery used (Tin Table 2)
and to error from the interaction between the
individuals and the test battery as well as to
random error (P x T, Ein Table 2). These vari-
ance components were then used to calculate
the absolute unit dependability coefficients®
(SeeAD columninTable2.) These coefficients
are analogous to reliability coefficients and
represent the extent to which asingle compos-
ite score can be generalized to other compos-
ite scores measuring the same broad ability
(Shavelson & Webb, 1991).

Results
Crystallized Intelligence (Gc)

As evident in Table 2, al correlation
coefficients between pairs of Gc composite
scoreswerestatistically significant at p < .001.
For the total sample, uncorrected correlations
ranged from .57 t0.83 (M =.73), and corrected
correlations ranged from .62 to .87 (M =.79).
The differences between the means for each
pair of composites ranged from -.3.08 t0 4.53.
The average absolute value of the difference
between Gc composite scores was about 8
points, with arange of averagesfrom 6.6 to
10.0 points. Using the criterion of a differ-
ence greater than 10 points, an average of
71% of the participants from each sample
demonstrated agreement between the two
composites. When the actual confidencein-
tervals were used, the average percentage
of agreement was about 86%. This higher
percentage of agreement stemsfrom awider
range of true scores being accounted for by
the 90% confidence interval based on actual
reliability estimates.

As evident in the first row of Table 2,
the absolute error unit dependability coefficient
using Gc composite scores from three test bat-
teries was .70 from Sample 1. Dependability
coefficients for each possible pair of Gc com-
posite scores tended to be lower, and none of
the absolute unit dependability coefficients
were above .80 (M = .72, range = .56 to .83).
Many assert that scoresused to makedecisions
about individuals should have reliability of at
least .90 (e.g., Nunnally & Bernstein, 1994;
Salvia & Ysseldyke, 2003). This same stan-
dard can be applied for generalizability coef-
ficients, because in the case of this research,
the issue in question is the reliability across
measures of the same ability. A more liberal
standard is .80. Review of variance compo-
nentsin Table 2 indicates that the influence
of the test battery, per se, was negligible
across all comparisons. Infact, it accounted
for no more than 5% of the variance in any
comparison, and in most cases it was 0. In
contrast, the influence of systematic error
stemming from the interaction between the
individuals and the test battery and random
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error was sizeablein all comparisons. Thein-
fluence of these types of error accounted for
an average of 28% of the variance across com-
posite comparisons.

Visual Processing (Gv)

As evident in Table 2, all correlations
between pairs of Gv composite scores were
statistically significant. Correlations ranged
from.19t0.64 (M = .49), and corrected corre-
lations ranged from .21 to .68 (M = .56). The
differences between the means for each pair
of compositesranged from -3.85t012.93. The
average absolute value of the difference be-
tween Gv scores was about 10 points, with a
range of averagesfrom 8.1to 17.6 points. Us-
ing the criterion of a difference greater than
10 points, an average of 59% of the partici-
pants from each sample demonstrated agree-
ment between the two composites. The range
of agreement was 41% to 72%. When the ac-
tual confidence intervals were used, the aver-
age percentage of agreement was about 85%.
Again, thisnotably higher percentage of agree-
ment stems from a wider range of true scores
being accounted for by use of the 90% confi-
dence interval.

As evident from the first row in the Gv
section of Table 2, the absolute error unit
dependability coefficient stemming from
analysis of three Gv composites from
Sample 1 was .54. None of the dependabil-
ity coefficients for pairs of Gv composite
scores were above .80 (M = .48). In fact,
five coefficients were less than .40. Review
of variance componentsin Table 2 indicates
that the influence of thetest battery was neg-
ligible across all comparisons except one. In
only one case was the percentage of variance
due to test battery sizeable (DAS Spatial mi-
nusWJ Il Gv). Again, in most casesit was 0.
In contrast, the influence of systematic error
stemming from the interaction between indi-
viduals and the test battery and random error
wasgreat in all comparisons. Theinfluence of
these types of error accounted for an average
of more than 50% of the variance across com-
posite comparisons. Clearly, it iserror leading
to the low generalizability coefficientsfor the
Gv composites.

Fluid Reasoning (Gf)

All three correlation coefficients be-
tween Gf composite scores were statistically
significant. Correlationsranged from .46 t0 .68
(M =.59), and corrected correlations were .60
to.71 (M = .65). The differences between the
meansfor each pair of compositesranged from
1.28t04.49. The average absolute value of the
difference between Gf composites was 9.6
points, with a range of averages from 8.5 to
11.2. Percentage agreement was relatively
similar using the 10-point criterion (M = 67%,
range of 59% to 73%) and the actual 90% con-
fidence intervals (M = 73%, range from 65%
to 80%). With one exception, more than one
quarter of the participantsin each sample dem-
onstrated significant differences between the
composites across the two methods of deter-
mining agreement. None of the absolute unit
dependability coefficients was near .80 (M =
.58, range = .45 to .68). Review of variance
componentsindicates that the influence of the
test battery was again very small across all
comparisons. In contrast, the influence of sys-
tematic error stemming from theinteraction be-
tween the individuals and the test battery and
random error was sizeablein all comparisons.
Theinfluence of thesetypes of error accounted
for an average of more than 40% of the vari-
ance across composite comparisons.

Processing Speed (Gs)

Both correlation coefficients between
pairsof Gs composite scoreswere statistically
significant. Correlations were .61 to .63, and
corrected correlationswere .66 to .69. The dif-
ferences between the means for each pair of
composites ranged from 2.94 to 5.51. The av-
erage absol ute val ue of the difference between
Gs composites was 10 points, with a range of
averages from 9.6 to 10.3. Using the criterion
of adifference greater than 10 points, an aver-
age of 62% of the participants from each
sample demonstrated agreement between the
two composites. When the actual confidence
intervalswere used, the average percentage of
agreement was about 78%, with arange from
75% to 82%. Neither of the absolute unit de-
pendability coefficientswasnear .80 (M =.57).
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Review of variance componentsindicatesthat
the influence the test battery was the highest
for the Processing Speed composites, on aver-
age across all ability comparisons, yet it was
not sizeable. In both composite comparisons,
the percentage of total variance accounted for
by the influence of the test battery was only
about 7%. Consistent with the findings for
other broad ability composites, the influence
of systematic error stemming from the inter-
action between the individuals and the test
battery and random error was sizeable in all
comparisons. The influence of these types of
error accounted for an average of 36% of the
variance across composite comparisons. It is
notablethat this percentage of varianceislower
than those for the Gv and Gf composites.

Discussion

School psychologistsand others engaged
in psychological assessment may frequently
assume that norm-based scores purported to
measure the same ability should be relatively
similar for individual s no matter what subtests
or batteries were administered to obtain these
scores. Information related to this assumption
isimportant because consistency across mea-
sures of the same broad ability is needed in
order to have confidence in interpreting nor-
mative or relative strengths or weaknesses in
broad ability profiles. Using six samples of
preschool children, school-age children, or
adultswho compl eted two or moreintelligence
test batteries, composites measuring the broad
abilities Crystallized Intelligence, Visual Pro-
cessing, Fluid Reasoning, and Processing
Speed were compared. Results stemming from
exchangeability analyses suggest that the CHC
broad ability scoresaperson receivesmay vary
greatly for someindividuals and vary more so
for some abilities than others. Visua Process-
ing composites as a group appear to display
notably low levels of exchangeability. Anim-
portant question for practitionersand research-
ersis; What influences score exchangeability?

Improbable Influences

The statistics stemming from
generalizability theory indicate (in all but a

handful of comparisons) that differences in
obtained scores for composites are not due in
any real senseto the characteristics of the bat-
teries from which subtests were selected. In
most all cases, the variance due to this set of
influences was negligible, which is consistent
with the generally small differences between
composite means. Thus, when forming abroad
ability composite, an examiner’s choice of bat-
tery should not be expected to produce scores
measuring broad abilities that are systemati-
cally higher or lower than those measuring the
same abilities that stem from other batteries.
Characteristics of thetest battery, such assam-
pling of participantsinthe norming sampleand
the dates from which normative datawere col -
lected, do not appear to have consistent and
systematic effects across individuals.

Although it may be assumed that all
more recently normed tests produce lower
scores for individuals than all tests normed
earlier (Flynn, 1984), thisfinding was not uni-
form across composite comparisons. Of the
composite comparisons, 44 (60%) yielded a
positive difference between means, which
would indicate that the test battery normed
earlier produced a higher score on average. In
contrast, 29 (40%) of the comparisonsyielded
anegative value for this difference, which in-
dicatesthat the test normed more recently pro-
duced a higher score on average.® It appears
that expectations applied to Qs from subse-
guent revisions of onetest battery (e.g., WISC-
111 to WISC-1V; Wechsler, 1991, 2003) should
not be applied to related comparisons across
test batteries—at least not at the broad ability
compositelevel. However, additional research
should evaluate the effect of cohort sampling
on the exchangeability of ability scores
(Rodgers, 1999; Sanborn, Truscott, Phelps, &
McDougal, 2003).

Differences in the scaling of subtest
scores and the formation of composite scores
may also contribute to score differences for
individuals. For example, score differences
may have stemmed from the different scaling
of the standardized scores from subtests of dif-
ferent test batteries. For example, each score
increment for scaled scores (M = 10, SD = 3)
rises and falls in units representing 1/3 of a
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standard deviation (i.e., 5 standard score
points), whereas T scores and deviation 1Q
scores have increments of 1/10 and one 1/15
of astandard deviation, respectively. However,
these effects do not appear to be systematicin
producing higher or lower scores across indi-
viduals.

Probable Influences

The study’s results indicate that most of
thevariability inthe obtained composite scores
that was not due to measurement of true abil-
ity stemmed from (@) random error and (b) in-
teractions between the examinee and charac-
teristics of thetest battery and its constituents.

Random error. Theextent towhich ran-
dom error should be expected to influence a
composite scoreisrepresented by the compos-
itereliability coefficient and the resulting stan-
dard error of measurement and confidencein-
terval. Only 21 broad ahility composites (53%)
included in the analysis demonstrated reliabil-
ity coefficients of .90 or greater, which can be
considered excellent or high (Bracken, 1987;
Cicchetti, 1994; McGrew & Flanagan, 1998).
Table 1 reveals that dightly less than half of
the composites (47%) demonstrated reliabil-
ity below that level. For all of these compos-
ites, a90% confidenceinterval spansmorethan
16 deviation |Q points, or morethan half astan-
dard deviation (8 points) above and below the
obtained score. Less reliable composites lead
toless confidencethat the obtained norm-based
score will well represent the examinee's true
ability on an absolute level. Asaresult, some-
what large score differences between compos-
ite scores with low reliability can be expected
to be nonsignificant and commonplace.

Examinee-task interactions. In gen-
eral, the interactions between the examinees
and the test batteries can be grouped into three
categories: (a) the interaction between the
examinee's ability level and score character-
istics, (b) the interaction between characteris-
tics of the examinee and the temporal aspects
of the testing sessions, and (c) the interaction
between characteristics of the examinee and
the requirements of the assessment tasks (i.e.,
subtests; see Bracken, 1988).

The interaction between the examinee’'s
ability level and subtest or composite score
characteristics is a probable cul prit leading to
less exchangeability (Anastasi & Urbina, 1997;
Salvia& Y sseldyke, 2003). For example, if the
range of items on a subtest is not sufficient to
tap into the ability of those with very low or
very high ability, the individual’s true ability
will be inaccurately represented by the ob-
tained score. For example, reviews of pub-
lished evaluations of subtest floor and ceiling
violations and review of actual norms tables
and output from computer-based scoring pro-
grams indicated that a few of the subtests in-
cluded in the composites in this study would
be expected to demonstrate inadequate floors
or ceilings (Kaufman & Kaufman, 2004a;
McGrew & Flanagan, 1998; Schrank & Wood-
cock, 2001; Tusing, Maricle, & Ford, 2003).
Therewere afew subtest floor or ceiling vio-
lations with the DAS (Elliott, 1990) with
school-age children (Sample 3) and with the
KAIT (Kaufman & Kaufman, 1993) with the
adults (Sample 6). However, asizeable num-
ber of scores from the youngest children
with low ability in Sample 1 (i.e., those ages
3 to 4) would be expected to be affected
notably by inadequate floors. Similarly, for
participants with very low or very high ability
across samples, test battery-based composites
would be expected to produce scores that are
more deviant from the normative mean than
the derived composites, which stem from av-
eraging subtest scores.

The interaction between characteristics
of the examinee and the temporal aspects
of the testing sessions also may contribute
error to the measurement of true ability ina
number of documented ways (see Saklofske
& Schwean Kowalchuk, 1994; Zhu &
Tulsky, 2000). These interactions may be
reflected in effects attributed to practice, test
order, or fatigue on some subtests and not
others, the amount of time between test ses-
sions, and varying motivation or propensity
to guess at different times during the assess-
ment session. It is likely that the counter-
balancing used in the collection of the data
from the six samples led to this interaction
and not to a systematic influence leading to
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higher or lower scores on one battery versus
another.

Finally, the interaction between charac-
teristics of examinee and the requirements of
the assessment tasks (i.e., subtests) probably
affect obtained scores—even when obvious
influences like sensory acuity deficitsand En-
glish language proficiency are considered (see
Dean & Woodcock, 1999; McGrew &
Flanagan, 1998). On one level, subtests may
be selected to measure broad abilities that tap
into exceptionally well-developed or poorly
developed skills of the individual (e.g., CHC
narrow abilities). Subtests may also tap into
construct-irrelevant abilitiesor other influences
rather than the broad ability being measured,
such as speed on a task designed to measure
Visual Processing, fine motor skills on a task
designed to measure Processing Speed, or vo-
cabulary knowledge on tasks measuring Visua
Processing (Bracken, 1986, 2000). Some tasks
may also bemorefamiliar or appealing to some
examinees in a manner affecting their perfor-
mance. The choice of item content, per se, may
differentially affect some examinees (e.g.,
numbers versus letters with Short-Term
Memory subtests), and response requirements
(e.g., use of manipulatives) may have differ-
ential effects for others (Kyllonen, 1995).

In summary, this study’s analysis of the
influences on score exchangeability indicates
that examiners can randomly select acompos-
itewithin abroad ability area, and selection of
the composite will not contribute independent
error to the score that results. However, the
composite’s selection may interact with char-
acteristics of an examinee to misrepresent the
examinee'sbroad ability. Thereliability of the
composite must also be considered.

Influence of g and Similarity in
Qualitative Characteristics

It is logical that the more a composite
score measures g—what iscommon across all
subtestsin abattery—the greater its exchange-
ability with composites from other batteries
(Jensen, 1998; Spearman, 1927). The g load-
ings for composites presented in Table 1 and
exchangeability indexes in Table 2 seem to
indicate this pattern. In all analyses except the

one using the 90% confidence interval, which
considers actual reliability of the composite,
comparisons between composites with the
highest g loadings seem to demonstrate the
highest level of exchangeability and viceversa.
Perhaps compositeswith higher g loadings may
simply bemorereliable, and reliability hasthe
greatest effect on exchangeability. In contrast
tothefocuson g, itispossiblethat shared quali-
tative characteristics of the subtests contribut-
ing to composites affect exchangeability. The
relations between qualitative characteristics,
such as similarity in the narrow abilities mea-
sured by the composites, similarity in cultural
and linguistic loadings of subtests acrosscom-
posites (Ortiz, 2002; Ortiz & Ochoa, 2005),
similarity in elementary information processes
measured by subtests across composites
(Carrall, 1976; Floyd, 2005), should also be
examined for their effects on composite ex-
changeability. Additional researchisneededto
examine these issues concurrent with consid-
eration of composite reliability.

Limitations and Caveats

First, it could be argued that all six
samples of participants used in this study are
not representative of the United States popu-
lation. However, they were drawn from mul-
tiple, largely independent sites, and the samples
were generaly large. The samples may also
be faulted by some for including restricted
ranges of talent, including young children who
may have displayed problem behaviors that
undermine reliable assessment, and including
adultswith diagnostic classifications. The con-
cern about range restriction is partially ad-
dressed with the use of correlation corrections,
and analysis of subsamplesnot reported inthis
article revealed that exchangeability indexes
for individuals with diagnostic classifications
in Sample 6 did not differ notably from those
from individuals with no such classifications.
Furthermore, results appear similar across
samples. Second, although the data used in
these studies match in many ways what one
would see in practice—ability composite
scores extracted from test batteries adminis-
tered in a standard fashion—the data sets are
archival. Thus, undocumented aspects of the
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datacollection processmay have affected score
exchangeability. It is clear that more research
should be done to examine these influences
with additional samples and other batteries
measuring CHC abilities.

Third, although steps were taken to ob-
tain published g loadings for subtests and to
compute them based on joint exploratory fac-
tor analysis, the derivations of the g loadings
for composites may be considered by someto
be a weak aspect of this research. It seems
important for researchers and test authors to
calculate and report g loadings and specificity
estimates for composites stemming from test
batteries. Although these properties are often
reported for subtests, they are very rarely re-
ported for composites (cf. Elliott, 1990, pp.
190-192). Fourth, some may assert that report-
ing agreement by examining score differences
greater than the sum of half of the 90% confi-
dence interval value for one composite plus
the half of that value from the other composite
is not optimal. Perhaps the standard error of
the difference should have been used to deter-
mine agreement between composites, or per-
haps estimated true scores and the standard
error of estimate values could have been used.
Based on areview of these issues (e.g., Char-
ter & Feldt, 2000) and calculation of these al-
ternate statistics, the approach employed was
used for several reasons, including (a) the val-
ues used were the largest (i.e., most facilita-
tive of agreement) of thethree alternativesand
(b) the approach probably best represents the
steps that test users take to examine the sig-
nificance of score differences.

Finally, this research was not a direct
examination of any particular interpretive
framework for CHC-based assessment. With
the ondaught of guidelines for CHC-based in-
terpretation of broad abilities compositesby test
authors and other experts, it is unlikely that all
of the steps deemed necessary to interpretation
in recent publications were represented fully in
these analyses. Therefore, additional research
may be needed to examine these issues.

Implications for Practice

The findings from the exchangeability
analyses are probably no surprise to many

school psychologists and others engaged in
psychological assessment because they recog-
nize error in measurement. At best, this re-
search provides evidence supporting best prac-
ticesin cognitive ability assessment. One com-
mon recommendation isto consider reliability
(and unreliability) during score interpretation
(American Educational Research Association,
American Psychological Association, & Na
tional Council on Measurement in Education,
1999). Excellent practice-oriented textbooks,
such as Sattler (2001) and Kamphaus (2001),
provide clear descriptions of issues related to
reliability and recommendations for use of
confidence intervals. Based on these recom-
mendations and this research, those engaged
in testing should use large confidence inter-
vals, such as the 90% and 95% confidencein-
tervals, to represent the range of true scores
around obtained scores (or estimated true
scores). The standard practice of reporting the
nominal labels for multiple score ranges (e.g.,
Low Average to Average) should also be en-
couraged when the confidence interval range
indicates that it is necessary. In addition, it is
important to consider the actual confidence
intervals for composites rather than consider-
ing rules-of-thumb (e.g., + 5 points). Similarly,
test users should (a) be wary of or avoid inter-
preting composites with low reliability or (b)
expect that large differences between compos-
ites with low reliability and other composites
may be expected due to unreliability in mea
surement.

School psychologists and others engaged
in psychological assessment can continue to
engage in practices in order to control for or
reduce the negativeinfluences of idiosyncratic
responsesto test stimuli, task requirements, or
response requirements. They first should strive
to reduce error by design. It ispossible that an
understanding of both (a) the conditions dur-
ing completion of cognitivetasks (i.e., subtests)
under which an examinee responds well and
(b) conditionsin which the examineeresponds
poorly may be vauablefor informing instruc-
tion or interventions. In that vein, some knowl-
edgeabl etest users do not want duplicate mea-
sures of a broad ability because they desire
measures sensitiveto evoking those differences
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in performance. However, it seems that the
paramount goal of ability testing should beto
measure accurately the examinee' sability with-
out evidence of the undermining influences of
interactions among the task, setting, situation,
and examinee characteristics. Thus, based on
known characteristics of intelligence test bat-
teries and known characteristics of the exam-
inee, test users can choose the test battery that
will ensure sound measurement of CHC broad
abilities. These steps are logical and enhanced
by knowing well thetest battery, its scores, and
their properties. Examiners also should con-
tinue to observe influences on examinee re-
sponding, such aslevel of motivation, fatigue,
and strategy use, and note if these influences
undermine measurement of the targeted abil-
ity. These observations may be enhanced by
using rating scales for test session behaviors,
such as those included on many test records.
Examiners may also benefit from systemati-
cally examining patterns of errors (see
Kaufman & Kaufman, 2004b).

In essence, test users should continue to
devotetheir energies and insightsto well-inte-
grated assessments and accurate and direct
measurement of abilities. According to Meyer
et a. (1997), “A psychological test isadumb
tool, and the worth of the tool cannot be sepa-
rated from the sophistication of the clinician
who draws inferences from it and then com-
municates with patients and other profession-
als’ (p. 153). Whether engaged in ability, cur-
riculum-based, or behavioral assessment or
other assessment activities, well-informed
school psychologists and other test users can
continueto demonstrate their expertisein psy-
chological assessment in a manner that |eads
to the improvement of the lives of children,
adults, and their families. Greater knowledge
about the potential influences on score ex-
changeability can contribute to this expertise.

Footnotes

1 The value representing the difference be-
tween the mean of one measure and the mean of
the another, M, — My = Z, is equivalent to the
value representing the mean of the differences
between the same two measures across partici-
pants, Y (X —Y)/N.

2Inthisarticle, theword subtestsis used con-
sistently to describe individual cognitive ability
tasks.

8 Participants in Sample 3 and Sample 6 did
not completetheWJI1l Generd Information subtest;
therefore, comparisonsincluding theWJlll Gccom-
posite, which includesthe General Information test,
were not included for these samples.

4 Four composites were cautiously con-
structed for which there was some evidence that both
constituent subtests measured the same primary
narrow ability. These composites were included
because there was also evidence that at |east one of
the subteststhat shared aprimary narrow ability also
measured at least one other narrow ability. In fact,
for three of the four composites, both subtests con-
tributing to them had been judged to measure more
than one narrow ability within the same broad abil-
ity area. Each composite is designated in Table 1
and Table 2.

5 One exception to this rule was the exclu-
sion of composites from Sample 1 that included the
Matching L etter-Like Forms subtest from the DAS
(Elliott, 1990). We judged that too few children in
Sample 1 completed this subtest and that its extant
measurement characteristics were too poor to in-
cludein our analysis.

6 In addition to the results presented here,
results from subsamples were a so produced. Con-
sistent with guidelines presented by McGrew and
Flanagan (1998), subsamples of participants were
sel ected whose subtests within each composite dem-
onstrated confidence bands (+7) that overlapped or
touched (i.e., they differed no more than 14 devia-
tion 1Q score points). Because results were so re-
markably similar to those from the analysis of the
total sample and due to space limitations, these re-
sults are not reported here. These results can be ob-
tained from the first author or at http://
www.psyc.memphis.edu/faculty/floyd/
floydEXCHC1.htm

"McGrew and Flanagan (1998) reported that
“the SE,, estimates for al cross-battery composite
averages...weresetat + 5. . . (representing the
average [median] Gf-Gc composite. . . SE,, scores
across al ranges in the WJ-R norm sample)” (pp.
390, 398). Note that the SE,, value is equivalent to
the 68% confidence interval.

8 The formula for the absolute unit depend-
ability coefficient isthe following:

0-2
P

2 2 2
q; + ot + O-pxt.e

1 1
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9 Although the mean and median values for
the positive differences were somewhat larger in
magnitude that the negative differences, thediscrep-
ancies between these values were | ess than one de-

viation 1Q score point.
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