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Abstract. This study examined the relations between the Cattell-Hom-Carroll (CHC)
theory of cognitive abilities and reading achievement during childhood and adoles-
cence. In a large, nationally representative sample including students 6 to 19 years of
age, operational measures of CHC cognitive abilities obtained from the Woodcock-
Johnson I (WJ IIT; Woodcock, McGrew, & Mather, 2001) were found to be signifi-
cantly related to the components of reading achievement. Multiple regression analy-
ses were used to regress several WJ IH cognitive clusters onto the WJ III Basic Read-
ing Skills and Reading Comprehension clusters for 14 age groups. Comprehension-
Knowledge (Gc) demonstrated moderate to strong relations with the components
of reading achievement across childhood and adolescence, and Short-term Memory
(Gsm) demonstrated moderate relations throughout this period. Auditory Process-
ing (Ga), Long-term Retrieval (GIr), and Processing Speed (Gs) demonstrated
moderate relations with the components of reading achievement during the el-
ementary school years. More specialized cognitive clusters (viz., Phonemic Aware-
ness and Working Memory) demonstrated moderate to strong relations. In con-
trast, Fluid Reasoning (Gf) and Visual-Spatial Thinking (Gv) demonstrated no con-
sistent pattern of significant relations across childhood and adolescence. The re-
sults offer external validity evidence for the WJ III cognitive clusters and provide
valuable insights into the specific cognitive abilities that are important for under-
standing the development of reading skills during childhood and adolescence.
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CHC Reading Achievement

Ideally, all children would come to read-
ing instruction with the prerequisite abilities.
Unfortunately, some children display weak-
nesses or deficits in core cognitive abilities and
experience significant problems in the acqui-
sition of reading skills. Recently, the National
Research Council’s Committee on the Preven-
tion of Reading Difficulties in Young Children

integrated the available literature on reading

skill development and reading disabilities in
Preventing Reading Difficulties in Young Chil-
dren (Snow, Burns, & Griffin, 1998). This re-
port identified a variety of child-based risk fac-
tors for reading failure, such as developmen-
tal delay in general cognitive development,
hearing impairment, early language impair-
ment, and attention deficits. In the cognitive
and language domains, a variety of abilities
were mentioned as pivotal to reading develop-
ment. These included linguistic proficiency,
verbal memory, lexical and syntactic skills,
general language abilities, and phonological
awareness. It is clear that success (or failure)
in reading is a multivariate process.
According to Snow et al. (1998), prac-
tice and research in the field of reading have
not been particularly coherent and system-
atic. In clinics and schools, the assessment
of reading is often characterized by a diverse
array of instruments that may be redundant
and incomplete with respect to the neces-
sary range of knowledge and abilities neces-
sary for proficient reading. Reading research-
ers have also used differing sets of predictor
measures across studies and have frequently
failed to include some of the most important
predictors of reading in their investigations.
The omission of potentially important vari-
ables in predictive or explanatory research
is considered a form of specification error,
a type of modeling error that can lead to bi-
ased estimates of the effects of predictive
variables. Specification error during read-
ing research is especially problematic because
(a) cognitive abilities that are excluded from
analyses may be judged to be unimportant
when they are vital; (b) the relative contribu-
tion of a number of abilities to reading achieve-
ment remains unknown; (c) researchers may
continue to build on studies that were limited

in the abilities that were assessed, which may
lead to premature reliance on certain predictor
measures; and (d) possibly most important,
consumers of this research may be misled into
omitting important predictive measures from
their assessments. One of the most effective
means to avoid specification error is to use
formal, well-validated models about the phe-
nomena of interest to guide the selection of
measures that should be included in analyses
(Licht, 1995).

Cattell-Horn-Carroll Theory of
Cognitive Abilities

The Cattell-Hom-Carroll (CHC) theory
of cognitive abilities is considered to be one
of the most well-validated models of cogni-
tive abilities (Flanagan & Ortiz, 2001;
McGrew & Flanagan, 1998; Woodcock,
McGrew, & Mather, 2001). CHC theory is
grounded in more than half a century of fac-
tor analytic research, and developmental
studies of cognitive abilities, genetic heri-
tability research, and neurocognitive analy-
ses have contributed to its validity base (see
Horn & Noll, 1997). The theory is a recent
synthesis of the Cattell-Horn Gf-Gc theory

(Horn & Noll, 1997) and the Carroll three-stra- -

tum theory of cognitive abilities (Carroll, 1993,
1997). CHC theory is a hierarchical framework
of human cognitive abilities that consists of
three strata: general intelligence or g (stratum
IIT), broad cognitive abilities (stratum IT), and
narrow cognitive abilities (stratum I). The
broad cognitive abilities include Fluid Rea-
soning (Gf), Comprehension-Knowledge
(Gc), Short-term Memory (Gsm), Visual
Processing (Gv), Auditory Processing (Ga),
Long-term Retrieval (Glr), Processing
Speed (Gs), Reading and Writing (Grw),
Quantitative Knowledge (Gg), and Deci-
sion/Reaction Time or Speed (Gt). Approxi-
mately 70 narrow cognitive abilities are sub-
sumed by these broad abilities (McGrew &
Flanagan, 1998). The recognition of CHC
theory as a well-validated conceptualization of
cognitive abilities begs for its interjection as a
potentially useful organizing framework for

research on typical and atypical reading skill

development.
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CHC-Organized Reading Research

A number of studies have examined the
validity of CHC measures in predicting read-
ing achievement.! McGrew (1993) examined
the relations between the seven Woodcock-
Johnson Psycho-Educational Battery—Re-
vised (WJ-R; Woodcock & Johnson, 1989) Gf-
Gc cognitive clusters and the WJ-R Basic
Reading Skills and Reading Comprehension
clusters across the lifespan. Multiple regres-
sion analyses of data from the WJ-R standard-
ization sample indicated that Comprehension-
Knowledge (Gc) demonstrated the strongest
relations with the reading clusters at almost all
age levels. Short-term Memory (Gsm) dis-
played moderate relations with both reading
clusters from the earliest ages through middle
adulthood. Auditory Processing (Ga) and Pro-
cessing Speed (Gs) were consistently and sig-
nificantly related to Basic Reading Skills until
early adulthood; however, the strength of the
relations between these clusters and Reading
Comprehension declined notably after the el-
ementary school years. Fluid Reasoning (Gf)
was significantly associated with Reading
Comprehension between ages 5 and 30, but it
was largely unrelated to Basic Reading Skills.
Finally, Long-term Retrieval (GIr) and Visual-
Spatial Thinking® (Gv) demonstrated no sig-
nificant relations with either reading cluster.

Similar findings have surfaced from
structural equation modeling (SEM) analyses
of data from the WJ-R standardization sample
and from independent samples using the WI-R
cognitive clusters and the Wechsler scales
(Wechsler, 1974, 1991). After using SEM to
account for the effects of g in the analysis,
McGrew, Flanagan, Keith, and Vanderwood
(1997) and Keith (1999) demonstrated signifi-
cant relations between Auditory Processing
(Ga) and Comprehension-Knowledge (Gc) and
reading achievement in a group of school-age
children included in the WI-R standardization
sample. Using multiple regression proce-
dures, Williams, McCallum, and Reed
(1996) demonstrated the power of Gc and
Processing Speed (Gs) in predicting reading
achievement measured by the California Test
of Basic Skills-4 (Macmillan/McGraw-Hill,

1689) in a group of school-age children. More
recently, regression analyses conducted by
Garcia and Stafford (2000) indicated that Ga
and Gc were significant predictors of reading
achievement in a sample of first and second
grade students from low-income families. SEM
analysis of select Wechsler Intelligence Scale
for Children, Revised (Wechsler, 1974) com-
posites supplemented with WJ-R Gf-Gc cog-
nitive clusters by Flanagan (2000) also re-
vealed that, after specifying the effects of g,
Gc and Gs demonstrated large and moderate
direct effects, respectively, for reading com-
prehension. Ga abilities demonstrated strong
direct effects for basic reading skills. Finally,
Hale, Fiorello, Kavanagh, Hoeppner, and
Gaither (2001) reported that when CHC-orga-
nized commonality analyses were applied to the
‘Wechsler Intelligence Scale for Children, Third
Edition (Wechsler, 1991) Full Scale IQ and fac-
tor indexes, significant relations between Short-
term Memory (Gsm), Quantitative Knowledge
(Gg), and Gc and reading achievement were
present above and beyond those associated
with the Full Scale IQ.

Purpose of Current Study

These studies provide evidence of the
external validity of specific CHC abilities in
predicting reading achievement, even when the
effects of g are included in the analyses. How-
ever, at present, there is a need to expand the
understanding of the cognitive predictors of
reading achievement using more recently de-
veloped measures of CHC abilities that ensure
better construct validity via increased construct
representation (see Flanagan et al., 2000;
Flanagan & Ortiz, 2001; McGrew & Wood-
cock, 2001). Because the WJ I Tests of Cog-
nitive Abilities (COG; McGrew & Woodcock,
2001) was designed to provide greater con-
struct representation in the measurement of
CHC cognitive abilities, it offers a sound re-
search instrument to examine these relations.
As a first step in examining the relations be-
tween CHC cognitive abilities and reading
achievement, this study used mulitiple regres-
sion analyses to investigate the validity of the
WI III COG cognitive clusters in predicting
basic reading skills and reading comprehen-
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sion during childhood and adolescence. Inves-
tigating the relations between the specific CHC
broad (stratum IT) and narrow (stratum I) cog-
nitive abilities and reading achievement, vis-
a-vis the WI III COG measures, may influence
future research examining the cognitive pre-
dictors of reading abilities and contribute to
improved diagnosis, identification, and
remediation of reading deficits during the
school-age years.

Method
Participants

All participants were drawn from the
nationally representative standardization
sample of the WJ III, which included 8,818
individuals ranging in age from 24 months to
more than 95 years of age (Woodcock et al.,
2001). Standardization participants between 6
and 19 years of age were included in the cur-
rent analyses if they completed the tests that
form the Basic Reading Skills and Reading
Comprehension clusters of the WJ III Tests of
Achievement (ACH; Woodcock & Mather,
2001). Thus, two subsamples from the larger
standardization sample were formed (n =4,338
for Basic Reading Skills and # = 3,303 for
Reading Comprehension).

To determine the representativeness of
the two subsamples used in these analyses,
select demographic variables were examined.
Each WJ IIT norming participant was assigned
a unique weight that represented each
participant’s required contribution to the final
norms as per the United States Census statis-
tics used during norming (see McGrew &
Woodcock, 2001). A comparison of weighted
and unweighted descriptive statistics for gen-
der, for racial group (i.e., White, Black, Ameri-
can Indian, and Asian and Pacific Islander),
and for W-scores for the two reading clusters
suggested that the two subsamples included in
this study were largely similar to the United
States population of 6- to 19-year-olds.?

Measures

Reading clusters. This study used the
Basic Reading Skills and Reading Comprehen-
sion clusters from the WJ Il ACH (Woodcock

& Mather, 2001) to represent reading decod-
ing and reading comprehension skills (see
Table 1). Correlations between these clusters
and reading clusters from the Kaufman Test of
Educational Achievement (Kaufman &
Kaufman, 1985) and the Wechsler Individual
Achievement Test (Wechsler, 1992) provide
evidence supporting their validity. Correlations
ranged from .66 to .82 in a sample of first- to
eighth-grade children (McGrew & Woodcock,
2001). Furthermore, validity evidence has been
provided for the identically comprised read-
ing clusters from the WJ-R (McGrew, Werder,
& Woodcock, 1991) and the Woodcock-
Johnson Psycho-Educational Battery (Wood-
cock, 1978).

Cognitive clusters. This study used the
seven CHC factor clusters from the WJ III
COG to represent the CHC broad (or stra-
tum II) cognitive abilities. Two tests com-
prise each of the seven CHC factor clusters
(see Table 1). This study also used two WJ
IIT COG clinical clusters and another clini-
cal cluster formed by tests from both bat-
teries. These clinical clusters operationalize
abilities (i.e., phonemic awareness and work-
ing memory) reported to be important predic-
tors of reading achievement (Snow et al.,
1998). Two tests comprise the Phonemic
Awareness cluster and the Working Memory
cluster, and two tests from the WJ III COG
and one test from the WJ III ACH comprise
the Phonemic Awareness-3 cluster (see Table
1). The three clinical clusters represent narrow
(or stratum I) cognitive abilities. The Phone-
mic Awareness and Phonemic Awareness-3
clusters operationalize the narrow cognitive
ability Phonetic Coding, which is subsumed

by Auditory Processing (Ga). The Working

Memory cluster operationalizes the narrow
cognitive ability of the same name, which is
subsumed by Short-term Memory (Gsm). Re-
liability and validity evidence for the CHC fac-
tor clusters and clinical clusters is presented
in McGrew and Woodcock (2001).

Analysis

The two subsamples were divided into
14 different age-based groups, each represent-
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Table 1
Descriptions of WJ III Reading Clusters and Cognitive Clusters
WIJ III Cluster Description of Cluster Type of Tests Forming
Cluster Cluster
Tests of Achievement
Basic Reading Skills  Ability to identify individual Achievement Letter-Word Identification
printed letters and words and to Cluster Word Attack
pronounce phonically regular
nonsense words
Reading Ability to read words and Achievement Passage Comprehension
Comprehension understand written text, produce Cluster Reading Vocabulary
appropriate synonyms and
antonyms, and complete
analogies
Tests of Cognitive Abilities
Comprehension- Ability to use language and CHC Factor Verbal Comprehension
Knowledge (Gc) acquired knowledge effectively Cluster General Information
Long-term Retrieval ~ Ability to store and readily CHC Factor Visual-Auditory Learning
GIn) retrieve information in long-term Cluster Retrieval Fluency
memory
Visual-Spatial Ability to recognize spatial CHC Factor Spatial Relations
Thinking (Gv) relationships and to analyze and Cluster Picture Recognition
manipulate visual stimuli
Auditory Processing  Ability to perceive, attend to, CHC Factor Sound Blending
(Ga) and analyze patterns of sound Cluster Auditory Attention
and speech that may be presented
in distorted conditions
Fluid Reasoning (Gf)  Ability to form and recognize CHC Factor Concept Formation
logical relationships among Cluster Analysis-Synthesis
patterns, and to make deductive
and inductive inferences, and to
transform novel stimuli
Processing Speed (Gs) Ability to perform simple CHC Factor Visual Matching
cognitive tasks quickly, Cluster Decision Speed
especially when underpressure
to maintain focused attention
and concentration
Short-term Memory  Ability to understand and store CHC Factor Numbers Reversed

(Gsm)

Phonemic Awareness

information in immediate awareness Cluster
and then use it within a few seconds

Ability to perceive separate units
of speech sounds in order to
analyze and synthesize those units

Clinical
Cluster

Memory for Words

Sound Blending
Incomplete Words

" "Table T continues
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Table 1 continued

WI III Cluster Description of Cluster Type of Tests Forming
Cluster Cluster

Working Memory Ability to temporarily store and Clinical Numbers Reversed
mentally manipulate information Cluster Auditory Working Memory
held in immediate memory

Phonemic Ability to perceive and manipulate  Clinical Sound Biending

Awareness-3 units of speech Cluster Incomplete Words

Sound Awareness

ing 1 year of age starting at age 6 and continu-
ing through age 19.4The WJ III W-score was
the metric of analysis. W-scores are transfor-
mations of raw scores into equal interval units
that are derived through application of the 1-
parameter item response theory or Rasch mea-
surement model (Woodcock, 1978; Woodcock
& Dahl, 1971). The W-score of each test is cen-
tered on a value of 500, which is the approxi-
mate average performance of a 10-year-old
child. Each cluster W-score represents the arith-
metic average of the W-scores of the tests com-
prising the cluster.

For each WJ III cognitive cluster and
each reading achievement cluster, 14 standard-
ized regression coefficients were plotted on a
graph with age representing the x-axis. Stan-
dardized regression coefficients indicate the
proportion of standard deviation units that the
criterion variable changes as a function of one
standard deviation change in a predictor vari-
able. For example, a WJ IIT Comprehension-
Knowledge (Gc) standardized regression co-
efficient of .25 with the WJ III Basic Reading
Skills cluster means that for every standard
deviation change observed in Gc scores, there
is an average of .25 standard deviation change
in Basic Reading Skills scores. Given that sam-
pling error is present to an unknown degree in
each age-differentiated sample, the best
population estimates of the age-related
changes between the cognitive cluster and
the achievement domain were identified
through the application of the distance-
weighted least squares smoothing function to
the plot of the standardized regression coeffi-
cients (Wilkinson, 1990; see McGrew &
Wrightson, 1997).

For the initial regression analyses, the
predictor variables were the seven CHC factor
clusters. In one model, the criterion measure
was the Basic Reading Skills cluster, whereas
in the other model, the criterion was the Read-
ing Comprehension cluster. Two additional
regression analyses were completed to inves-
tigate the relations between the three clinical
clusters and the two reading achieveraent clus-
ters. In the second regression analysis, the Pho-
nemic Awareness and Working Memory clus-
ters were substituted for the Auditory Process-
ing (Ga) and Short-term Memory (Gsm) clus-
ters, respectively. In the third analysis, only the
Phonemic Awareness-3 cluster was substituted
for the Ga cluster.

Results

Results of the analysis are presented in
Figures 1 through 5. Each figure displays four
lines representing the smoothed standardized
regression coefficients for two cognitive clus-
ters that were used as predictors of Basic Read-
ing Skills and Reading Comprehension. Each
graph includes two parallel dashed lines that
correspond to standardized regression coeffi-
cients of .10 and .30. The lines are guides for
interpreting the significance of the smoothed
regression coefficient values and correspond
to previously established rules-cf-thumb
(McGrew, 1993; McGrew & Hessler, 1995;
McGrew & Knopik, 1993). These rules opera-
tionally define practical significance to be as-
sociated with standardized regression coeffi-
cients of .10 or above. Coefficients ranging
from .10 to .29 are classified as representing
moderate effects, whereas those .30 or above
are classified as strong effects.®
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CHC Factor Clusters

Standardized regression coefficients re-
veal differential relations between the WJ III
cognitive clusters and reading achievement
across childhood and adolescence. Two CHC
factor clusters, Comprehension-Knowledge
(Gc) and Short-term Memory (Gsm), were
significantly and consistently related to at least
one of the reading clusters (see Figure 1). The
Gc cluster demonstrated the strongest and most
consistent relations with both Basic Reading
Skills and Reading Comprehension. It dem-
onstrated moderate and strong relations with
both reading clusters that increased monotoni-
cally from age 6 through much of adolescence.
The Short-term Memory (Gsm) cluster dis-
played consistent moderate relations with Ba-
sic Reading Skills. However, its relations with
Reading Comprehension were notably lower
in magnitude throughout the entire period of
the analysis.

Three CHC factor clusters, Auditory Pro-
cessing (Ga), Long-term Retrieval (GIr), and
Processing Speed (Gs), demonstrated consis-
tent patterns of significant relations with Ba-
sic Reading Skills and Reading Comprehen-
sion only during the formative years of read-
ing skill acquisition. Relations between Ga and

Basic Reading Skills and Reading Comprehen-
sion were moderate in magnitude from ages 6
to 9 (see Figure 2). GIr demonstrated moder-
ate effects with Basic Reading Skills from ages
6 through 9 and with Reading Comprehension
from ages 6 through 11 (see Figure 2). Gs dem-
onstrated moderate effects with both Basic
Reading Skills and Reading Comprehension
from age 6 to approximately age 10 (see Fig-
ure 3).

Two CHC factor clusters demonstrated
no pattern of significant relations with the read-
ing clusters. The smoothed curves for Fluid
Reasoning (Gf) demonstrated no consistent
pattern of significant effects with Basic Read-
ing Skills and Reading Comprehension (see
Figure 3). Exceptions to this pattern surfaced
in the Reading Comprehension model between
the ages of 11 to 14. Given that these signifi-
cant effects were present only for a few age
levels and that they were in the context of non-
significant effects at all other age levels, these
effects may be best interpreted as reflecting
sampling error. Visual-Spatial Thinking (Gv)
also demonstrated no consistent pattern of sig-
nificant effects with the reading clusters (see
Figure 4). The slight upward trend towards sig-
nificance for Gv at ages 18 and 19 can be in-
terpreted as reflecting sampling error.
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Figure 1. Standardized regression coefficients as a function of age for Compre-
hension-Knowledge (Gc) and for Short-Term Memory (Gsm) with Basic Read-
ing Skills (BRS) and Reading Comprehension (RC).
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Clinical Clusters

The results from the second set of re-
gression analyses, in which the clinical clus-
ters Phonemic Awareness and Working
Memory were substituted for the Auditory Pro-
cessing (Ga) and Short-term Memory (Gsm)
clusters, revealed patterns of relations with
Basic Reading Skills and Reading Comprehen-
sion that were similar to those of the broad
cognitive abilities. Like Ga, Phonemic Aware-
ness demonstrated moderate relations with the
reading clusters primarily during the early el-
ementary school years (see Figure 4). In the
same analysis, Working Memory displayed
consistent moderate relations with Basic Read-
ing Skills, in a manner similar to Gsm (see Fig-
ures 1 and 5). In slight contrast to the Gsm
analysis, the relations between Working
Memory and Reading Comprehension peaked
at age 6 but remained moderate from ages 7 to
approximately age 16.

In the third set of regression analyses, in
which clinical cluster Phonemic Awareness-3
was substituted for the Auditory Processing (Ga)
cluster, Phonemic Awareness-3 demonstrated
significant and consistent relations with Basic
Reading Skills (see Figure 5). Phonemic Aware-
ness-3 demonstrated strong relations with Ba-
sic Reading Skills from ages 6 through 8 and
continued to demonstrate moderate relations

with Basic Reading Skills throughout the
school-age years. The relations between Phone-
mic Awareness-3 and Reading Comprehension
were significant during the span of ages 6
through 9 and again during the span of ages 14
through 19. However, the smoothed curve be-
tween the ages of 9 and 14 indicated nonsignifi-
cant relations with Reading Comprehension.

Discussion

When integrated with prior CHC-orga-
nized research, this study contributes to an
emerging body of theory-based knowledge re-

garding the potentially important relations be- .

tween CHC cognitive abilities and reading
achievement. Research building on this knowl-
edge minimizes the degradation of reading re-
search findings that can occur because of fail-
ure to include measures of important cogni-
tive or psycholinguistic constructs (i.e., speci-
fication error) in research studies (Snow et al.,
1998). In this context, these results have no-
table implications for reading research and
practice.

Comprehension-Knowledge and
Reading

A large body of research literature has
established a strong link between verbal abil-
ity, sernantic or lexical processing, or general

0.8 1T T 1T 1T 1T 17T 1T T°1 L
2 0.7 -
é 0.6 .
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Figure 2. Standardized regression coefficients as a function of age for Auditory
Processing (Ga) and for Long-Term Retrieval (GIr) with Basic Reading Skills
(BRS) and Reading Comprehension (RC).
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language development and reading achieve-
ment (e.g., Dufva, Niemi, & Voeten, 2001;
Garcia & Stafford, 2000; Goswami, 2000;
Vellutino, Scanlon, & Lyon, 2000; Williams
et al., 1996). Thus, it was not surprising that
the Comprehension-Knowledge (Gc) cluster
was generally the strongest predictor of Basic
Reading Skills and Reading Comprehension
in these analyses (see Figure 1). The relations
between reading achievement and the breadth
and depth of a person’s knowledge are logical.
Both abilities stem largely from the acquisi-
tion of declarative and procedural knowledge
(Woodcock, 1993, 1998) and, in fact, may be
considered types of academic achievement
(Anastasi, 1988; Flanagan et al., 2002;
Kaufman, 1994; Woodcock, 1990). Addition-
ally, Carroll’s (1993) analysis and review of
human cognitive abilities included both read-
ing and writing abilities under the second stra-
tum ability Crystallized Intelligence. It is clear
that the link between Gc and reading achieve-
ment is robust and increasing as a function of
age. This link may reflect a bidirectional rela-
tionship, whereas vocabulary and general
knowledge contribute to reading abilities and
vice versa (Stanovich, 1986). This hypothesis
may explain the notable increase in the pre-
dictive power of Gc abilities after age 8 (see
Figure 1). Thus, these cognitive abilities may

be less important for early reading acquisition
than other CHC cognitive abilities, such as
Long-term Retrieval (GIr) and Phonetic Cod-
ing (e.g., Vellutino et al., 1996); however, the
bidirectional relations appear to become stron-
ger once basic reading skills are established.

Short-Term Memory, Working Memory,
and Reading

Relations between Short-term Memory
(Gsm) and Working Memory and the reading
clusters in this study demonstrate both discrep-
ancies and consistencies with prior reading
research. Research that has included both (a)
measures of the CHC narrow (or stratum 1)
cognitive abilities of Memory Span—the abil-
ity to attend to and immediately recall elements
(without clear semantic relationships) in the
correct order after a single presentation—and
(b) measures of Working Memory—the abil-
ity to temporarily store and perform cognitive
operations on information that requires divided
attention and the management of the limited
capacity of immediate memory—has typically
found Working Memory to be more strongly
related to reading performance than Memory
Span (Dufva et al., 2001; Kail & Hall, 2001).
In this study, the Gsm cluster includes mea-
sures of Working Memory and Memory Span,
and the Working Memory cluster includes two
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Figure 3. Standardized regression coefficients as a function of age for Process-
ing Speed (Gs) and for Fluid Reasoning (Gf) with Basic Readi_ng Skills (BRS)

and Reading Comprehension (RC).
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measures of Working Memory. The smoothed
coefficients for two clusters indicate similar
patterns of moderate relations with Basic
Reading Skills (see Figures 1 and 5). Prior
research would have predicted a lower degree
of association for the mixed Gsm cluster than
that for the Working Memory cluster (Dufva
et al., 2001; Kail & Hall, 2001; Oakhill, Yuili,
& Parkin, 1986; Stothard & Hulme, 1992).
In contrast to the Basic Reading Skills
analysis, the moderate relations between Work-
ing Memory and Reading Comprehension
from ages 6 through most of adolescence (see
Figure 5) and the lack of relations of the same
magnitude for Gsm during the early school-
age years demonstrate consistencies with prior
research. The relations between Working
Memory and Reading Comprehension cor-
roborate research findings that suggest that,
during the process of reading, working memory
space may provide a holding area for the analy-
sis of language-based stimuli that cannot oc-
cur concurrently with the decoding of words
(Dufva et al., 2001). The age-related, slightly
decreasing trend in the relations between Work-
ing Memory and Reading Comprehension from
ages 6 through midadolescence also supports
recent research findings and hypotheses. The
downward trend may be consistent with the
hypothesis that as children increase in age,

their reading processes become more automa-
tized and require less use of working memory
(Dufva et al., 2001). Also, the developmental
cascade hypothesis suggests that both work-
ing memory and speed of mental processing
increase in capacity with increasing age (viz.,
maturation). These developments, in turn,
mediate more efficient functioning during com-
plex cognitive tasks, such as reading compre-
hension (Fry & Hale, 2001). As a result, work-
ing memory may decrease in importance dur-
ing reading comprehension as maturing chil-
dren approach their working memory space
capacity.

Auditory Processing and Reading

Probably the most well-publicized find-
ing in the reading disability research during
the past decade is the pivotal role that specific
auditory abilities (viz., phonological or pho-
nemic awareness and speech perception) play
in early reading skill development and read-
ing fajlure (Blachman, 2000; McBride-Chang,
1996; Morris et al., 1998; Snow et al., 1998;
Stanovich, Siegel, & Gottardo, 1997; Torgeson,
Wagner, Rashotte, Burgess, & Hecht, 1997;
Wagner et al., 1997). The moderate relations
for Auditory Processing (Ga; see Figure 2) and
for Phonemic Awareness (see Figure 4) with
Basic Reading Skills that appear primarily
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Figure 4. Standardized regression coefficients as a function of age for Visual-
Spatial Thinking (Gv) and for Phonemic Awareness (PA) with Basic Reading
Skills (BRS) and Reading Comprehension (RC). _
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from age 6 to approximately age 9, coupled
with slightly weaker relations with Reading
Comprehension during the same age span, sup-
port this research demonstrating links between
specific auditory abilities and early reading
skill development (e.g., Goswami, 2000;
Torgeson et al., 1997).

Perhaps the most exciting and unique
contribution of this study was the increase in
the magnitude of the prediction of Phonemic
Awareness-3 (see Figure 5) beyond those of
Ga and Phonemic Awareness. Not only did
Phonemic Awareness-3 demonstrate strong
relations with Basic Reading Skills from the
ages of 6 to 8, but it also continued to demon-
strate moderate relations with this reading clus-
ter throughout the period of analysis. Further-
more, and possibly more surprising, was the
finding that Phonemic Awareness-3 was a sig-
nificant predictor of Reading Comprehension
during the early school-age years and again in
adolescence. The increased predictive power
of this cluster may be explained by the follow-
ing hypotheses. First, the subtests comprising
Sound Awareness, which require phoneme
manipulations such as deletions, reversals, and
thyming, are more complex than other phone-
mic awareness tasks (Stanovich, 1992). These
tasks may tap specific phonological process-
ing abilities, such as active phoneme manipu-

0'8IIIIIIIIII

lation, that are more predictive of reading
achievement than onset-rime awareness or
even phonetic analysis and synthesis abilities,
per se, especially beyond the years of early
reading skill acquisition. Second, performance
on Sound Awareness may invoke a variety of
controlled (versus automatic) processes involv-
ing the discrimination of sounds, the complex
perception and manipulation of phonemes, and
working memory (Kail & Hall, 2001). Third,
the relations between this cluster and the read-
ing clusters reflect reciprocal relationships
between complex phoneme manipulation and
literacy (Goswami & Bryant, 1990; Perfetti,
Beck, Bell, & Hughes, 1987; Wagner,
Torgeson, & Rashotte, 1994). Perhaps the most
basic phonological processes exert a causal
effect on early reading skills and the develop-
ment of reading abilities advance more com-
plex phonological processes, which in turn
support reading skills across the lifespan
(Blachman, 2000; Stahl & Murray, 1994).

Long-Term Retrieval and Reading

Long-term Retrieval (GIr) demonstrated
moderate relations with both reading clusters
during the early school-age years (see Figure
2). The tests that contribute to this cluster, Vi-
sual-Auditory Learning and Retrieval Fluency,
and the narrow cognitive abilities they mea-
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Figure 5. Standardized regression coefficients as a function of age for Working
Memory (WM) and for Phonemic Awareness-3 (PA3) with Basic Reading Skills
(BRS) and Reading Comprehension (RC).
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sure provide some insight into its power to pre-
dict reading achievement. The test paradigm
utilized in Visual-Auditory Learning requires
learning and recalling words associated with
symbols in a rebus-like format. These require-
ments are analogous to those of beginning read-
ing (Vellutino et al., 1996). Because Visual-
Auditory Learning is an actual learning task,
it may reflect the extent to which individuals
engage in rehearsal and memory searches for
associations to help consolidate new material
to be remembered. Recent research also has
shown that Associative Memory, the CHC nar-
row cognitive ability that is typically measured
by tests such as Visual-Auditory Leaming, pro-
vides unique contributions to the prediction of
reading achievement above and beyond pho-
nemic awareness and short-term memory abili-
ties (Windfuhr & Snowling, 2001).

The test paradigms of both Retrieval Flu-
ency and Rapid Picture Naming, another WJ
IIT COG test, require speeded retrieval of
words. Retrieval Fluency requires examinees
to name as many nouns from specified catego-
ries as they can in 1 minute, and Rapid Picture
Naming requires examinees to label images of
common objects rapidly. The similarity be-
tween these test paradigms is supported by
SEM research indicating that these tests mea-
sure a factor subsumed by Glr, Naming Facil-
ity McGrew & Woodcock, 2001). Substantial
differences in the speed of producing names
for common objects or attributes of objects
define the CHC narrow cognitive ability Nam-
ing Facility (Carroll, 1993). The similarity be-
tween Carroll’s definition and recent defini-
tions and measurement tools for rapid auto-
matic naming (RAN) is apparent. Significant
relations between RAN and reading achieve-
ment have been highlighted during the past
decade (Denckla & Cutting, 1999; Meyer,
Wood, Hart, & Felton, 1998; Neuhaus,
Foorman, Francis, & Carlson, 2001;
Scarborough, 1998; Torgeson et al., 1997;
Wolfe, Bowers, & Biddle, 2000). The moder-
ate relations between the Glr cluster and early
reading achievement suggest that other narrow
memory storage and retrieval abilities, which
are related to, but distinct from RAN, may also
be important when learning to read. This con-

clusion is consistent with recent arguments that

rapid naming ability may not be unitary but

instead may be a factorially complex construct
that requires the integration of a number of
different abilities and processes (Neuhaus et
al., 2001).

Processing Speed and Reading

Processing Speed (Gs) was moderately
associated with both Basic Reading Skills and
Reading Comprehension from approximately
ages 6 to 10 years (see Figure 3). This finding
is consistent with prior CHC-organized read-
ing research (Flanagan, 2000; McGrew et al.,
1997; Williams et al., 1996) and with a wide
array of research that indicates that Gs is an
important ingredient in the early stages of ac-
quiring most cognitive or academic skills (Fry
& Hale, 2001; Kail, 1991; Kail, Hall, &
Caskey, 1999; Necka, 1999; Rasinski, 2000;
Rindermann & Neubauer, 2000; Weiler et al.,
2000). In general, it is hypothesized that the
more rapidly and efficiently an individual can
automatize basic academic or cognitive opera-
tions, the more attention and working memory
resources can be allocated to higher level as-
pects of task performance. The previously de-
scribed developmental cascade hypothesis ex-
plains that processing speed increases with
maturation and exerts a direct and positive

~effect on working memory capacity. This

greater capacity, in turn, mediates more effi-
cient controlled functioning on complex
cognitive and academic tasks, such as read-
ing comprehension (Fry & Hale, 2001; Kail
& Hall, 2001).

Fluid Reasoning and Reading

Although a number of studies have dem-
onstrated that domain-specific problem-solv-
ing strategies (e.g., self-questioning) improve
reading comprehension (see Aaron, 1997 and
Mastropieri & Scruggs, 1997 for reviews), and
itis logical that comprehension of written text
relies upon reasoning abilities, few studies
have examined the relations between Fluid
Reasoning (G) abilities and reading achieve-
ment (cf. Santos, 1989). Previous analyses
examining the predictive power of the WI-R
Gf cluster indicated that Gf abilities are sig-
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nificantly related with Reading Comprehen-
sion from the early school-age years to early
adulthood (McGrew, 1993). However, the cur-
rent results indicate that these novel reasoning
abilities are not strongly related to either read-
ing cluster (see Figure 3). Although the com-
position of the Gf cluster and the Reading Com-
prehension cluster is nearly identical in the WJ-
R and WIJ 111, the finding of weaker relations
between Gf and Reading Comprehension is
most likely due to other cognitive clusters now
accounting for more variance in prediction.
Although the process of reading comprehen-
sion may draw upon reasoning abilities that
are specific to the process of reading, the cur-
rent study indicates that, within the context of
all seven CHC factor clusters, Gf does not ap-
pear to add anything unique or significant to
the prediction of reading achievement.

Visual-Spatial Thinking and Reading

Although some research exists to sup-
port the association between visual process-
ing abilities (viz., visual memory and visual
discrimination) and reading achievement in
normative and reading-disabled populations
(e.g., Eden, Stein, Wood, & Wood, 1996; Jack-
son, Donaldson, & Cleland, 1988; Kavale &
Forness, 2000; Willows, Kruk, & Corcos,
1993), the prevailing conceptualization of the
development of reading skills does not sup-
port the assertion that components of visual
processing are strong predictors of these skills.
Although perhaps visual processing abilities
contribute to the earliest stages of reading ac-
quisition (i.e., the logographic stage; de Jong
& van der Leij, 1999), the results from the cur-
rent study indicate consistently weak relations
between Visual-Spatial Thinking (Gv) and
reading achievement from age 6 through 19
years (see Figure 4). These results replicate the
findings of the WJ-R reading regression study
(McGrew, 1993). Although the WI-R and WJ
III Visual-Spatial Thinking (Gv) clusters con-
tain Picture Recognition, a measure of Visual
Memory, these findings are discrepant with
several studies indicating the possible impor-
tance of short-term or immediate visual
memory during the process of reading (e.g.,
Kavale & Forness, 2000). However, within the

context of all seven CHC factor clusters, Gv
does not appear to add anything unique or sig-
nificant to the prediction of reading achieve-
ment.
Limitations

Severa] measurement and design limi-
tations are notable. First, because this study
relied on simultaneous multiple regression
analyses in which all relevant cognitive vari-
ables were submitted as predictors, the result-
ing coefficients represent the incremental par-
titioning of the reading criterion variance.
Thus, some cognitive abilities may be judged
to be unimportant when analyzed concomi-
tantly with other abilities that account for a
greater proportion of the reading variance.
Second, participants represent a random
sample of children and adolescents. Therefore,
these results may not generalize to children
younger than age 6, to adults, or to children
with learning disabilities or mental retardation.’
Additional research including these samples is
needed to support the application of these find-
ings to these groups. Third, several predictor
and criterion variables in this analysis may
share latent abilities and be factorially com-
plex. For example, Word Attack may measure
both the CHC broad cognitive ability of Read-
ing and Writing (Grw) and the narrow cogni-
tive ability Phonetic Coding (McGrew, 1997;
McGrew & Woodcock, 2001). Similarly, Read-
ing Vocabulary and Passage Comprehension
may measure both Reading and Writing (Grw)
and abilities subsumed under Comprehension-
Knowledge (Gc). Although these interrelations
among measured abilities may represent causal
relations (Keith, 1999; McGrew et al., 1997),
the possible predictor/criterion contamination
in this study may attenuate the predictive power
of the respective cognitive clusters.

Summary

The current results support the phono-
logical-core variable-difference model of read-
ing disability (Morris et al., 1998; Stanovich,
1988; Stanovich & Siegel, 1994). This model
asserts that the abilities of phonemic aware-
ness, rapid naming, and the coding of phono-
logical stimuli in short-term or phonological
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memory (i.e., the CHC narrow cognitive abili-
ties Phonetic Coding, Naming Facility, and
Memory Span or Working Memory, respec-
tively) represent a cluster or module of abili-
ties that enables reading skill development.
Recent early reading intervention studies sug-
gest that the children who begin schooling with
normative deficits in these abilities are diffi-
cult to remediate with empirically validated in-
tervention practices (see Vellutino et al., 2000).
Although it is acknowledged that this model
of reading disability recognizes that other cog-
nitive ability deficits may co-occur with defi-
cits in the phonological core and that these
other abilities may influence reading devel-
opment, the results of this study indicate that
the focus on only the cognitive abilities as-
sociated with the phonological core is prob-
ably a premature restriction or specification
(cf. Morris et al., 1998). It appears that these
abilities in the phonological core interact with
a number of other abilities that are strong
predictors of reading achievement during
childhood, such as Processing Speed (Gs)
and Long-term Retrieval (GIr). Perhaps the
children who are most resistant to interven-
tion are also deficient in these cognitive abili-
ties that typically are not specified in reading
research. The current results indicate that the
breadth of investigation of reading skill devel-
opment and failure should be widened to in-
clude operational measures of these other abili-
ties. We believe that organizing research in-
vestigations according to CHC theory would
offer one remedy to specification error in cur-
rent reading research.

Footnotes

'See McGrew and Flanagan (1998),
Flanagan, McGrew, and Ortiz (2000), and Flanagan,
Ortiz, Alfonso, and Mascolo (2002) for summaries
of this research.

2The name for the Gv cluster on the WJ-R
was Visual Processing. To increase readability, the
WI I cluster names are used when referring to the
analogous WI-R clusters.

3Due to space limitations, the specific results
of these analyses are not reported. The analyses fo-
cusing on the representativeness of the samples and
the specific statistics from the regression analyses
can be obtained by contacting the authors or by vis-

iting the website address http://www.iapsych.com/
resrpts.htm.

4 Due to space limitations, sample sizes for
the 14 age-differentiated samples used in the re-
gression models are not reported. These descrip-
tive statistics can be obtained by (a) reviewing the
descriptive statistics for Basic Reading Skills and
Reading Comprehension cluster in the WJ III Tech-
nical Manual McGrew & Woodcock, 2001), (b)
contacting the authors, or (c) visiting http://
www.iapsych.com/resrpts.htm.

5 Graphs that include the smoothed curves
and the raw regression coefficients for each cogni-
tive ability can be obtained by visiting http://
www.iapsych.com/resrpts.htm.

$ These rules-of-thumb are generally similar
to other rules-of-thumb for interpreting the effect
sizes for manipulable influences on achievement or
learning. According to Keith (1999), effect sizes that
are less than .05 are not meaningful, effect sizes of
.05 and above are small effects, effect sizes above
.10 or .15 are moderate effects, and effect sizes
above .25 are large effects.

"Because the WJ III standardization utilized
a stratified random sampling plan, it is likely that
children with learning disabilities, menta! retarda-
tion, and other school-related problems were in-
cluded in the samples.
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