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ABSTRACT
NADINE EFETI NDIP
FACTOR ANALYSES OF THE WOODCOCK-JOHNSON IV TESTS OF COGNITIVE
ABILITIES, TESTS OF ACHIEVEMENT, AND TESTS OF ORAL LANGUAGE
AUGUST 2020
Over the past century, the prominent focus on the study of intelligence in the field of
psychological science has yielded increased attention. In particular, methods for
efficiently measuring the concept of intelligence remain an ongoing and pressing
discussion. In the field of school psychology, healthcare professionals are responsible for
understanding the complexities of cognitive functioning, and thus, the importance of
structural validity in measures of intelligence is heightened. It is imperative that
healthcare professionals are able to effectively interpret the scores provided by a measure
of intelligence. Further, it is critical that these measures of intelligence utilized by
healthcare professionals measure the cognitive factors they claim to measure. The
Woodcock-Johnson IV Tests of Cognitive Abilities, Tests of Oral Language, and Tests of
Achievement are three testing batteries in the Woodcock-Johnson IV that purportedly
measure general intelligence as well as 10 broad cognitive factors. Research supporting
the factor structure of the Woodcock-Johnson IV is inconclusive, thus raising the
question as to whether the Woodcock-Johnson IV measures the cognitive factors as
claimed by the test authors. The primary purpose of this study was to examine the factor
structure of the WJ IV using differing models of cognitive ability. Specifically, this
research study examined whether the CHC theory of intelligence or the F-CHC model of
iii

cognitive abilities best fits the standardization data from the WJ IV Norming Study. The
data analyses incorporated multiple exploratory factor analyses and confirmatory factor
analyses of the WJ IV standardization data for school-age individuals (e.g., age 6 to 19
years). Results from this study indicate that the factor structure of the WJ IV, as well as
the composition of tasks on the assessment battery, deviate from what is presented in the
Technical Manual (McGrew et al., 2014). Results from this study also provide support for
some of the hypothesized groupings of broad and narrow abilities posited by the F-CHC
model. Finally, results from this study suggest that in comparison to the CHC theory of
intelligence, the F-CHC model of cognitive abilities best fits the data from the WJ IV
standardization sample.
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CHAPTER I
INTRODUCTION
The construct of intelligence has been thoroughly examined for over 100 years,
yet the effective application of intelligence theory and assessment methodology for
inclusive education remains an ongoing discussion. The concept of an inclusive education
posits that all students should receive similar education, including students with
disabilities. Healthcare professionals in the schools are responsible for properly assessing
the cognitive abilities of a wide range of students. Thus, it is essential that they are
knowledgeable as to what those instruments measure and any possible limitations in
utilizing those instruments.
Numerous cognitive assessment instruments have been created in an attempt to
measure the construct of intelligence in an efficient and optimal manner. One of these
instruments is the Woodcock-Johnson (WJ), which was first introduced in 1977.
Presently, the WJ is one of the most commonly utilized instruments when clinicians are
planning psychological assessments. This chapter provides a review of the literature
concerning the histories of intellectual assessment, intelligence theory, and theoretical
perspectives on cognitive abilities. Additionally, the various iterations of the WJ
assessment family are examined. This chapter concludes with an overview of the
rationale for, and significance of, the current study.
Literature Review
The Cattell-Horn-Carroll (CHC) theory of intelligence, which informed the

1

creation of the Woodcock-Johnson IV (WJ IV; Schrank et al., 2014a), was established
through many years of research into intelligence theory and assessment. In order to fully
understand the theory underlying the WJ IV it is imperative to examine the development
of intellectual assessment, intelligence theory, and theoretical perspectives regarding
cognitive abilities.
Intellectual Assessment
The assessment of cognitive skills and abilities preceded the development of
formalized theories for the construct of intelligence. In the beginning of the 19th century,
intellectual assessment concentrated on the extremes of an individual’s intellectual
capacity (i.e., intellectual disability versus giftedness). Toward the middle of the 19th
century, researchers focused on the relationship between human senses and the construct
of intelligence. At the culmination of the 19th century, the focus of psychological
research shifted from an individual’s mental activity to an individual’s behavior. By
examining how an individual’s body performed under a variety of different
circumstances, researchers were able to make inferences about that individual’s future
trajectory. Additionally, the assessment of cognitive skills and abilities was expanded to
include standardization, which advanced the field of psychology as a scientific discipline.
The 20th century is heralded as being the advent of modern-day intellectual
assessment. Alfred Binet, often considered the father of intellectual assessment, is
credited with recognizing the developmental sensitivity of cognitive skills and abilities.
Binet, in coordination with Theodore Simon, is also responsible for the concept of
clinical assessment. Namely, Binet and Simon were appointed by government officials in
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France to create an assessment instrument for identifying children and adolescents with
intellectual disabilities, which resulted in the Binet-Simon Intelligence Scale (Wolf,
1961). The Binet-Simon Intelligence Scale provided a global estimation of intelligence
and included a variety of cognitive tasks, such as language, auditory processing, visual
processing, learning and memory, judgment, and problem solving (Wasserman, 2012).
The Binet-Simon Intelligence Scale was later translated into English and revised by
Lewis Terman in the United States. After extensive research, Terman published the
Stanford-Binet Intelligence Scale (Terman, 1916), which was one of the first measures of
intelligence to apply normative data that was collected on an American sample
population. The Stanford-Binet Intelligence Scale was also notable for introducing the
concept of an intelligence quotient.
Widespread intellectual assessment came to prominence during the period of
World War I (i.e., 1914–1918). In particular, Examination Alpha and Examination Beta
were created with the goal of assessing mental fitness for service in the army
(Wasserman, 2012). Examination Alpha and Examination Beta were novel in that they
allowed for the evaluation of illiterate individuals and non-English speaking individuals,
as well as individuals who spoke English. The influences of these batteries have
significantly impacted modern-day intellectual assessment in the education system.
David Wechsler, a military examiner, was also influenced by his experiences of
administering the Examination Alpha and Examination Beta. In response to a lack of
research and assessment tools for the adult population, Wechsler published the WechslerBellevue Intelligence Scale (Wechsler, 1939). The Wechsler-Bellevue Intelligence Scale
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was an adult assessment battery that yielded three measures of intellectual capacity (i.e., a
full-scale intelligence quotient, a verbal intelligence quotient, and a performance
intelligence quotient; Wechsler, 1939, 1981). Since the publication of the WechslerBellevue Intelligence Scale, the Wechsler Scales have dominated the assessment of
intelligence in school psychology, clinical psychology, and neuropsychology. Beyond the
Wechsler Scales, however, there exists a wide range of intellectual assessment tools, such
as the Woodcock-Johnson, Fourth Edition (Schrank et al., 2014), Kaufman Assessment
Battery for Children, Second Edition Normative Update (Kaufman & Kaufman, 2018),
Differential Ability Scales, Second Edition (Elliot, 2007), Stanford Binet Intelligence
Scales, Fifth Edition (Roid, 2003), Universal Nonverbal Intelligence Test, Second Edition
(Bracken & McCallum, 2016), Comprehensive Test of Nonverbal Intelligence, Second
Edition (Hammill et al., 2009), and Cognitive Assessment System, Second Edition
(Naglieri et al., 2014).
Intelligence Theory
Within the research literature, there is a lack of consensus as to what exactly
defines an individual’s intelligence. In fact, the construct of intelligence can be perceived
as constantly evolving with the advancement of research. The philosophical and
evolutionary perspectives of intelligence, although rudimentary, are fundamental to the
development of intelligence theory. Materialists, for example, purported that cognitive
processes are abilities that are maintained by a modular neural substrate. According to
evolutionary theory, the neural substrate described by materialists evolves in response to
“issues” within an individual’s environment (Barkley, 2012).
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Charles Edward Spearman is credited with discovering the general intelligence
factor (g), which represents the shared variance within a testing instrument. He also
proposed the two-factor theory of intelligence, which posits that intelligence is comprised
of g in addition to specific factors that represent the unique variance within a testing
instrument (Wasserman, 2012). Spearman’s research is noted as marking the transition
from a qualitative to a quantitative framework of intelligence. Louis Leon Thurstone
proposed that intelligence transcends Spearman’s g and also emerges from multiple
lower-order cognitive abilities. Specifically, Thurstone developed multiple factor analysis
in order to conceptualize intelligence as a collection of primary mental abilities
(Thurstone, 1938). In doing so, Thurstone began the discussion for the concept of broad
and narrow abilities in addition to the concept of evaluating an individual’s profile of
cognitive strengths and weaknesses.
Influenced by the works of Donald Hebb, Charles Spearman, and Louis
Thurstone, Philip Vernon conceptualized intelligence as existing hierarchically.
Particularly, Vernon hypothesized the existence of g as proposed by Spearman. In
coordination with Thurstone’s theory of intelligence, Vernon also hypothesized the
existence of the lower-order group factors of verbal-educational ability and spatialmechanical ability (Vernon, 1950).
Theoretical Perspectives
A plethora of theories of intelligence exist; however, the present study examines
the development of the hierarchical model of intelligence. The psychometric research of
Spearman, Thurstone, and Vernon was fundamental to the development of contemporary
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theoretical perspectives of cognitive abilities. For example, their research influenced the
creation of the hierarchical model of intelligence, which currently serves as the most
acknowledged conceptualization of cognitive abilities (Carroll, 1993). The hierarchical
model of intelligence posits that intelligence consists of many related factors that are
independent of each other.
Influenced by Thurstone’s conceptualization of intelligence as a multidimensional
concept, Raymond Cattell proposed a dichotomous theory of intelligence known as the
theory of fluid and crystallized intelligence. In contrast to Spearman’s notion of a
singular intelligence factor, Cattell suggested that intelligence consists of fluid and
crystallized abilities that are highly correlated with one another (Cattell, 1943, 1944).
John Horn, a student of Cattell’s and the first psychologist to empirically investigate
Cattell’s theory, advanced the theory of fluid and crystallized intelligence by identifying
additional broad and/or second-order factors that constitute overall intelligence. Namely,
Horn expanded the theory of fluid and crystallized intelligence to include Fluid
Intelligence (Gf), Crystallized Intelligence (Gc), Visual-Processing (Gv), Processing
Speed (Gs), Short-Term Acquisition and Retrieval (Gsm), Long-Term Storage and
Retrieval (Glr), Auditory Processing (Ga), Quantitative Reasoning (Gq), and Decision
Speed (Gt; Cattell & Horn, 1978). Additionally, Horn provided evidence that suggested
that fluid ability and crystallized ability have different developmental trajectories
(Wasserman, 2012).
In 1993, John Carroll analyzed over 400 archival datasets related to human
cognitive test performance, and the results of his analyses led to the proposal of the three-
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stratum model of human cognitive abilities (Carroll, 1993). In Carroll’s model of
intelligence, intelligence was organized hierarchically into three different strata. The top
stratum represented a general intellectual factor, the middle stratum represented broad
cognitive abilities, and the bottom stratum represented narrow cognitive abilities (Carroll,
1993). Carroll’s three-stratum model of human cognitive abilities was pivotal to the
identification and classification of cognitive abilities. Nonetheless, Carroll advised
researchers to utilize a variety of methods when assessing an individual’s intelligence.
Hitherto, the development of intellectual assessments was impacted by unsolved
debates within the research literature. Particularly, questions existed as to whether
intelligence was a multi- or uni-dimensional construct and whether intelligence consisted
of a general intellectual factor (Horn & Blankson, 2012; Schneider & McGrew, 2012). In
an effort to solve these debates, Kevin McGrew proposed a universal taxonomy that
integrated Cattell and Horn’s theory of fluid and crystallized intelligence and Carroll’s
tri-stratum theory. The CHC theory of intelligence allows for the identification and
classification of cognitive abilities through a common taxonomy. Although the CHC
theory of intelligence is recognized as the quintessential psychometric theory of
intelligence, its research literature is continually evolving (McGrew, 1997; McGrew &
Wendling, 2010; Newton & McGrew, 2010). For example, Woodcock et al. (2017) reconceptualized the CHC theory of intelligence in the creation of the Functional CattellHorn-Carroll (F-CHC) model. This model divides the constructs of the CHC theory of
intelligence into three theoretical domains, thus simplifying the assessment process for
clinicians. The authors of the F-CHC model hypothesized the model’s framework to be a
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more parsimonious structure that is consistent with recent neurocognitive research, more
functional for the average clinician, and more understandable for the consumers of the
information.
The Woodcock-Johnson Tests
The WJ came to prominence in the 1970s. Since its introduction, the WJ has been
acknowledged as an efficacious assessment instrument and has undergone three
revisions. The present study investigates the factor structure of the most recent iteration
of the WJ (i.e., WJ IV). Accordingly, it is important to delineate the evolution of the WJ
Assessment Batteries beginning with the first iteration.
In 1977, Dr. Richard Woodcock introduced the first iteration of the WJ, the
Woodcock-Johnson Psycho-Educational Battery (WJPEB; Woodcock & Johnson, 1977).
The WJPEB measured cognitive ability and aptitude, academic achievement, and level of
scholastic interest in individuals from the preschool to the geriatric age-range (Woodcock
& Johnson, 1977; Schrank et al., 2016). The development of the WJPEB resulted from
Woodcock’s controlled experiments of learning abilities and was not guided by a
particular theoretical foundation (Schrank et al., 2016).
The second iteration of the WJ was the Woodcock-Johnson Psycho-Educational
Battery – Revised (WJ-R; Woodcock & Johnson, 1989). The WJ-R consisted of the
Woodcock-Johnson Tests of Cognitive Ability (WJ-R COG) and the Woodcock-Johnson
Tests of Achievement (WJ-R ACH; Schrank et al., 2016). Unlike the development of the
WJPEB, the WJ-R was developed on the premise of a theoretical model. That is, the
statistical research of Kevin McGrew led to the revision of the WJPEB and resulted in the
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alignment of the WJ-R with the theory of fluid and crystallized intelligence (McGrew et
al., 1991). Despite this major difference, the WJ-R shared many similarities with the
WJPEB. For example, the WJ-R measured the same cognitive, academic, and scholastic
abilities as the WJPEB; the WJ-R utilized the same Broad Cognitive Ability (BCA) score
as the WJPEB; and the norming procedures for the WJ-R mirrored the norming
procedures for the WJPEB (Woodcock, 1990; Woodcock & Johnson, 1989; Schrank et
al., 2016).
In 2001, the third iteration of the WJ was introduced. The Woodcock-Johnson III
(WJ III; Woodcock et al., 2001, 2007) consisted of the Tests of Cognitive Abilities (WJ
III COG) and Tests of Achievement (WJ III ACH), and it measured cognitive, academic,
and oral language abilities (Schrank et al., 2010). The WJ III was the first assessment
instrument to be explicitly based on the CHC theory of intelligence (McGrew &
Woodcock, 2001; Schrank et al., 2010; Schrank & Wendling, 2012). Previous iterations
of the WJ solely utilized the BCA score; however, the WJ III was the first assessment
instrument to utilize g and/or a general intellectual factor known as the General
Intellectual Ability (GIA) score. The GIA score existed at the highest stratum of the CHC
theory of intelligence and represented Spearman’s g. Interpretation of the WJ III also
yielded nine broad cognitive abilities in the second stratum (i.e., Fluid Reasoning,
Comprehension-Knowledge, Visual-Spatial Processing, Long-Term Storage and
Retrieval, Short-Term Memory, Processing Speed, and Auditory Processing) and
numerous narrow cognitive abilities in the third stratum (Schrank et al., 2010).
Following its introduction in 2001, the WJ III was extensively researched and
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evaluated. While the proposed factor structure of the WJ III was supported by a variety of
factor analytic studies (Keith & Reynolds, 2010; McGrew & Woodcock, 2001),
numerous critics of the WJ III’s purported factor structure existed. These critics evaluated
the methodology used in the aforementioned validation studies and found qualm with the
sole reliance on confirmatory factor analytic procedures, as this methodology may lead to
the over-factoring of an instrument (Keith & Reynolds, 2010). Furthermore, critics of the
WJ III’s purported factor structure suggested the existence of fewer cognitive factors than
originally proposed by the authors of the WJ III (Dombrowski, 2013, 2015; Dombrowski
& Watkins, 2013; McGill & Busse, 2015).
Applying the updated perspectives of the CHC theory of intelligence and current
neuropsychological research, the fourth and most recent iteration of the WJ was released
in 2014. The WJ IV (Schrank et al., 2014a) consists of the WJ IV Tests of Cognitive
Abilities (WJ IV COG; Schrank et al., 2014b), Tests of Achievement (WJ IV ACH;
Schrank et al., 2014a), and Tests of Oral Language (WJ IV OL; Schrank et al., 2014b).
Additional information regarding the WJ IV, including its composition, theoretical basis,
and measurement specifications is discussed in Chapter II and Chapter III.
Purpose and Significance of the Study
In the field of school psychology, healthcare professionals are responsible for the
support of children and adolescents’ academic, social, behavioral, and emotional success.
In order to bolster academic success, healthcare professionals must be able to understand
the complexities of cognitive functioning, including the impact of deficits and/or delays
in cognitive functioning, which can be elucidated through cognitive assessment. An
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inappropriate assessment of an individual’s cognitive abilities can result in ill-suited
educational programs. Moreover, current education laws and regulations emphasize the
importance of providing students in special education with programming that is
commensurate to the programming experienced by students in general education.
Healthcare professionals act as the gatekeepers to special education, and thus, the
importance of structural validity is heightened. That is, it is imperative that the cognitive
instruments utilized by healthcare professionals are measuring the cognitive factors they
claim to measure. Moreover, an understanding of the structural validity of an assessment
instrument is critical, as it provides a statistical rationale for how healthcare professionals
should interpret the scores provided by an assessment instrument.
Through various statistical analyses, the authors of the WJ IV provided support
for its factor structure. The WJ IV COG, WJ IV OL, and WJ IV ACH measure a total of
10 broad CHC factors: Domain-Specific Knowledge (Gkn), Comprehension-Knowledge
(Gc), Fluid Reasoning (Gf), Short-Term Working Memory (Gwm), Long-Term Storage
and Retrieval (Glr), Visual Processing (Gv), Auditory Processing (Ga), Processing Speed
(Gs), Reading and Writing (Grw), and Quantitative Reasoning (Gq). However, the
statistical analyses employed by the authors of the WJ IV are thought to be inadequate
methods of analysis, which bring into question any possible limitations that healthcare
professionals may need to consider. Likewise, other research studies have yielded factor
structures that are inconsistent with the factor structure proposed by the authors of the WJ
IV (Dombrowski et al., 2016, 2017; Spurgin, 2018). Given the inconclusiveness in
research, there is question as to whether the WJ IV measures the cognitive factors as
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claimed by the test authors. Moreover, there has yet to be an examination of the WJ IV
using confirmatory factor analysis (CFA), which is seen as a procedure that is
complementary to exploratory factor analysis (EFA).
To further address this gap in the literature, the present study examined the factor
structure of the WJ IV in the standardization sample using the F-CHC model of cognitive
abilities and the CHC theory of intelligence. The data analyses incorporated multiple
factor analyses (i.e., EFA and CFA) of the WJ IV standardization sample for school-age
individuals (e.g., 6 to 19 years). EFA is a multivariate statistical procedure that is used to
examine the factor structure of an instrument without a preconceived hypothesis, whereas
CFA is a multivariate statistical procedure that is used to examine the factor structure of
an instrument given a preconceived hypothesis. The following research questions and
hypotheses were proposed:
1. Does the proposed F-CHC model explain the latent structure of human abilities as
measured by data from the WJ IV standardization sample?
a. Research Hypothesis 1: The data will support the proposed F-CHC model.
b. Research Hypothesis 2: In comparison to other models, the proposed FCHC model will be the best fitting model for the data from the WJ IV
standardization sample.
2. If the aforementioned model does not adequately represent the WJ IV
standardization sample, is there another factor structure that best fits the data?
a. Research Hypothesis 3: The results from the analysis will not support the
proposed factor structure that is identified by the test authors of the WJ IV.
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CHAPTER II
REVIEW OF THE LITERATURE
This chapter provides a thorough review of the literature that is relevant to this
study. The WJ IV (Schrank et al., 2014a) is based on contemporary CHC theory of
intelligence, which has developed through many years of research into intelligence theory
and assessment. Accordingly, the evolution of intelligence theory, as well as current
theoretical perspectives regarding cognitive abilities, is examined. Available research
relating to the development of intellectual assessments and the evolution of the WJ IV
will also be discussed.
Development of Intellectual Assessments
Intelligence testing is a means to make inferences about an individual’s cognitive
skills and abilities. The examination of cognitive skills and abilities predates the
understanding of the theoretical underpinnings of intelligence. In fact, formal testing of
cognitive skills and abilities is thought to have existed approximately 3,000 years ago
(Wasserman, 2012). Further, the discussion of individual differences has been
documented in the works of scientists, such as Darwin, Plato, and Socrates. Although the
topic of intelligence has been thoroughly researched in the field of psychological science,
its quantitative examination did not develop until the 19th century (Wasserman, 2012).
The ensuing section is an overview of the development of intellectual assessment tools
beginning in the 19th century.
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The Influence of Anthropometry
The origins of intelligence testing in the 19th century focused on the extremes of
an individual’s cognitive skills and abilities. Physicians, such as Jean Esquirol and
Eduardo Seguin, were interested in the intelligence of intellectually disabled individuals,
whereas Francis Galton focused on the intelligence of gifted individuals (Wasserman,
2012). Francis Galton is especially important to the development of intellectual
assessment as he is credited with the beginning of quantifying human differences. In his
Anthropometric Laboratory, Galton examined the heredity of intelligence by measuring
various bodily dimensions, sensory discrimination, and sensory motor coordination,
which led him to believe that intelligence is facilitated through the senses (Wasserman,
2012). Additionally, Galton is recognized for the crystallization of objective scientific
measurement through the use of test batteries and questionnaires in data collection,
control groups in experiments, and statistical procedures (e.g., regression and
correlation).
James McKeen Cattell, an assistant in Galton’s Anthropometric Laboratory, is not
only responsible for establishing the mental test in psychological literature, but also, he is
responsible for introducing intelligence testing to the United States (Wasserman, 2012).
Similar to Galton, Cattell believed that intelligence is most accurately measured through
the senses; however, he expanded Galton’s beliefs by emphasizing the importance of
standardization in the administration of intelligence tests. He also shifted the focus of
psychological research from observations of subjects’ mental activity to the observation
of subjects’ behavior. Subsequent researchers deemed anthropometric tests as unproven
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and lacking in theory; however, Cattell is respected for his overall impact in testing and
measurement (Wasserman, 2012).
Contemporary Intelligence Testing
Many regard Alfred Binet as the father of intellectual assessment. Binet was
reported to be an anti-social and introverted individual, such that he was disconnected
from academia in France (Wasserman, 2012). Namely, Binet was reportedly hesitant to
present at conferences, work with collaborators, and mentor students, which impeded the
proliferation of his work (Wasserman, 2012). In 1899, however, Binet began a
collaboration with Théodore Simon, which resulted in the development of intelligence
scales based on the cognitive and personality assessment of Binet’s daughters. Binet’s
work with his daughters helped him to recognize the developmental sensitivity of
cognitive abilities.
In contrast to Galton and Cattell’s notions about the sensory and motor facets of
intelligence, Binet and Simon posited that complex mental processes are more effective
in differentiating between the individual differences in people’s cognitive abilities
(Wasserman, 2012). Another prominent characteristic of Binet’s work is that it offered
clinical assessment. In 1904, for example, Binet was appointed by the Minister of Public
Instruction in France to develop a method for distinguishing between typically
developing and intellectually disabled children and adolescents (Wolf, 1961). The result
of Binet’s appointment was the Binet-Simon Intelligence Scale, which combined a
variety of cognitive tasks (i.e., language, auditory processing, visual processing, learning
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and memory, judgment, and problem solving) in order to obtain a global estimation of
intelligence.
The Binet-Simon Intelligence Scale has received multiple revisions over the
years. Of note, Lewis Terman, a psychologist employed at Stanford University, is
credited as advancing Binet’s notions in the United States. After its translation into
English, Terman performed extensive research with a large sample of children and
adolescents with diverse cognitive abilities using the Binet-Simon Intelligence Scale
(Wasserman, 2012). The result, of which, was the Stanford-Binet Intelligence Scale
(Terman, 1916). The original Stanford-Binet Intelligence Scale consisted of 90 items,
which were derived directly from Terman’s research as well as the original Binet-Simon
Intelligence Scale (Wasserman, 2012).
Terman’s Stanford-Binet Intelligence Scale differed from previous versions of the
Binet tests, in that it introduced the intelligence quotient (Wasserman, 2012). The
intelligence quotient is described as an individual’s mental age divided by his/her
chronological age multiplied by 100. The Stanford-Binet has also received multiple
revisions over the years. Its most recent version was published in 2004 (i.e., StanfordBinet Intelligence Scales, Fifth Edition), and it has been widely accepted by examiners in
the United States.
The Influence of World War I
The period of World War I (i.e., 1914–1918) marked the advent of widespread
intelligence testing. In 1917, specifically, the American Psychological Association was
appointed by President Woodrow Wilson to develop two group intelligence tests, which
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came to be known as the Examination Alpha and Examination Beta (Wasserman, 2012).
These cognitive tests were created with the goal of distinguishing between “fit” and
“unfit” men for service. Another goal of these cognitive tests was to determine
placements for “fit” draftees (e.g., officer versus soldier).
Arthur Otis is credited with leading the development and norming of the
Examinations Alpha and Beta (Wasserman, 2012). Examination Alpha, a primarily
verbal measure, was designed to assess the ability of recruits who spoke English and/or
were literate. Examination Beta, a primarily nonverbal measure, was designed to assess
the ability of recruits who did not speak English and/or were illiterate. A third measure,
the Army Individual Performance Scale, was also developed to assess the ability of
individuals who were unable to be tested validly with Examinations Alpha or Beta. The
Army Alpha and Beta have been revised multiple times over the years. Presently, the
United States Military utilizes the Armed Services Vocational Aptitude Battery, the most
recent version of the Army Alpha and Beta, for its personnel selection procedures
(Wasserman, 2012).
In lieu of serving in active combat during World War I, David Wechsler worked
as an examiner for Examinations Alpha and Beta (Wasserman, 2012). Wechsler came to
be known as a pivotal figure in the advancement of the understanding and utilization of
intelligence assessment. During his time as a military examiner, Wechsler’s core ideas
about intelligence and intelligence assessment were shaped. With regard to intelligence,
Wechsler defined the construct as the “aggregate or global capacity of the individual to
act purposefully, to think rationally, and to deal effectively with his environment”
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(Wechsler, 1927, p. 105). Wechsler’s full definition of intelligence represented the
coordination of Spearman’s g, Thurstone’s concept of group factors, and Binet’s theory
of the adaptation of cognitive abilities (Wasserman, 2012).
With regard to intelligence assessment, Wechsler observed that pre-existing
assessment tools for adult populations (e.g., Stanford-Binet Intelligence Scale) were
poorly normed and few in number (Boake, 2002; Wasserman, 2012). Using his definition
of intelligence, Wechsler posited that an intelligence scale should combine verbal and
nonverbal tests, and in 1939, he published the Wechsler-Bellevue Scale, which
challenged the Stanford-Binet Intelligence Scale and included three measures of
intellectual capacity: a full-scale intelligence quotient, a verbal intelligence quotient, and
a performance intelligence quotient (Wechsler, 1939, 1981). The tasks used to derive the
verbal intelligence quotient were derived from the Examination Alpha, and the tasks used
to derive the performance intelligence quotient were derived from the Examination Beta
and Army Individual Performance Scale Examination (Wasserman, 2012). The Wechsler
Scales have undergone many revisions since the publication of the Wechsler-Bellevue
Scale and have come to lead the assessment of intelligence in school psychology, clinical
psychology, and neuropsychology. Namely, Wechsler has published assessment batteries
for the evaluation of intelligence in preschoolers via the Wechsler Preschool and Primary
Scale of Intelligence (WPPSI; Wechsler, 1967, 1989, 2002, 2012); children and
adolescents via the Wechsler Intelligence Scale for Children (WISC; Wechsler, 1949,
1974, 1991, 2003, 2014); and adults via the Wechsler Adult Intelligence Scale (WAIS;
Wechsler, 1955, 1981, 1997, 2008).
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Evolution of Intelligence Theory
“Over the last 150 years, significant and critical advancements have been made in
our understanding of the manner in which the brain regulates, manages, organizes, and
helps organisms interface with their environment” (Goldstein & Naglieri, 2014, p. 18).
Intelligence is considered to be one of the most investigated and fundamental topics in
the history of psychological science. The understanding of what defines an individual’s
intelligence has been difficult to singularly characterize and has multiple classifications
within the research literature. Following is an overview of the development of
intelligence theory, beginning with a brief discussion of the philosophical contributions
of materialism and evolutionary psychology. The breadth of this discussion, however,
will emphasize the development of intelligence theory as it pertains to cognitive
assessment, including seminal individuals and/or events.
Philosophical Foundations of Intelligence
Materialism posits that an individual’s existence is exclusively material. Thomas
Hobbes, for example, held a strictly materialist conceptualization of the world, suggesting
that individuals are simply complex physiological organisms with mental processes that
are identifiable via physical processes in the central nervous system (McLeod, 2018).
Specifically, cognitive processes can be classified as abilities that are supported by a
modular neural substrate. Epicurus adapted existing materialist ideology in order to create
his own hypotheses for the physical basis of the world and the nature of an individual’s
soul (Konstan, 2005). Namely, Epicurus posited the soul could be divided into an
irrational portion where lower-order cognitive processes (e.g., sensation) originate and a
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rational portion where higher-order cognitive processes (e.g., judgment and reasoning)
originate (Konstan, 2005).
Lev Vygotsky, a sociocultural psychologist, also adapted principles of
materialism in order to describe cognitive functions (Eilam, 2003). Vygotsky asserted
that cognitive functions are not solely dependent on biological evolution, but rather, the
development of cognitive functions additionally depend on social practices. Evolutionary
psychologists posit that psychology is a subspecialty of biology (Barkley, 2012). Because
the central theory in biology is evolution, it follows that evolution also underlies
psychological principles. In evolutionary theory, there exist functional mechanisms
and/or adaptations that species have evolved in order to address issues within their
environment (i.e., procuring biological fitness; Barkley, 2012). The philosophical and
evolutionary understandings of intelligence are grossly underdeveloped; however, they
are pertinent to the discussion of the evolution of intelligence theory.
Charles Edward Spearman
As regards the delicate matter of estimating ‘Intelligence,’ the guiding
principle has been not to make any a priori assumptions as to what kind of
mental activity may be thus termed with greatest propriety. Provisionally,
at any rate, the aim was empirically to examine all the various abilities
having any prima facie claims to such title, ascertaining their relations to
one another and to other functions. (Spearman, 1904, p. 249–250)
Charles Edward Spearman is recognized as the first psychologist to examine the
construct of intelligence from a psychometric perspective. He is also credited with
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pioneering the statistical technique known as factor analysis, discovering the concept of a
general intellectual factor in correlations among cognitive tests, and proposing a twofactor theory of intelligence (Wasserman, 2012). Spearman’s two-factor theory of
intelligence theorizes that intelligence is the composition of g that accounts for the shared
variance in an instrument and specific factors that account for the unique variance in an
instrument (Wasserman, 2012). Although Spearman’s two-factor theory of intelligence
has since been contested, his body of work largely facilitated the empirical study of the
construct of intelligence. Particularly, Spearman’s research is thought to have influenced
the works of Raymond Cattell, David Wechsler, Joy Guilford, Cyril Burt, Anne Anastasi,
and Philip Vernon, such that the past century has been demarcated by the transition from
a qualitative to a quantitative framework of intelligence (Wasserman, 2012).
Hitherto, psychometrists and psychologists were unable to derive any statistically
significant relationships between cognitive tests; however, Spearman was intrigued by
William Wundt’s notion of a unitary and biologically driven pool of intelligence
(Wasserman, 2012). In “General Intelligence’ Objectively Determined and Measured”
(1904), Spearman established the quantitative measurement of cognitive abilities through
a series of complex experiments. Specifically, Spearman employed factor analysis to
demonstrate that positive correlations exist among all of the variables measured by
cognitive tests, thus confirming Wundt’s perception of intelligence (Spearman, 1904;
Wasserman, 2012). Spearman also demonstrated the existence of g that accounts for the
shared variance of the correlations among all cognitive tests (Spearman, 1904;
Wasserman, 2012). Of note, Spearman acknowledged that g was insufficient in
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explaining all of the variance in an individual’s intelligence. In fact, Spearman gradually
acknowledged that group factors (i.e., clusters of tests) are contributory to the source of
variance in intelligence.
Louis Leon Thurstone
Intelligence, considered as a mental trait, is the capacity to make impulses focal at
their early, unfinished stage of formation. Intelligence is therefore the capacity
for abstraction, which is an inhibitory process. (Thurstone, 1924/1973, p. 159)
Louis Leon Thurstone made significant contributions to the psychological
literature, particularly in the areas of psychometrics, statistics, and intelligence. Namely,
Thurstone is recognized for the development of factor analytic techniques that permitted
the extraction of factors that are independent of and/or orthogonal to one another
(Wasserman, 2012). In other words, Thurstone’s development of factor analysis allowed
for the evaluation of the nature and number of latent constructs within a set of observed
variables (i.e., multiple factor analysis; Thurstone, 1938). Additionally, Thurstone is
regarded as laying the groundwork for the research of broad and narrow abilities, as well
as the evaluation of an individual’s profile of cognitive strengths and weaknesses.
Thurstone’s advancement of factor analytic techniques contested Spearman’s
study of intelligence as a one-dimensional concept. While Spearman posited that scores
on cognitive tests only load on a higher-order g, Thurstone proposed that intelligence also
emerges from multiple lower-order cognitive factors, which he branded as primary
mental abilities (Wasserman, 2012). That is, Thurstone theorized that intelligence was
better categorized as a multidimensional construct. In doing so, he identified the
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following primary mental abilities as contributory to an individual’s general intelligence:
Verbal Comprehension (V), Word Fluency (W), Number Facility (N), Memory (M),
Visualizing or Space Thinking (S), Perceptual Speed (P), Induction (I), and Speed of
Judgment (J; Thurstone, 1938).
It should be noted that Thurstone gradually acknowledged that his primary mental
abilities were not entirely distinct entities, and thus, he confirmed Spearman’s theory of a
general intellectual factor (Thurstone, 1938; Wasserman, 2012). The final rendition of
Thurstone’s multiple-factor theory represented the marriage between his concept of
primary mental abilities and Spearman’s concept of an overall general factor, which
facilitated the proposal of subsequent hierarchical theories of intelligence and/or theories
of multiple intelligences (Ruzgis, 1994).
Philip Ewart Vernon
Intelligence A is the basic potentiality of the organism, whether animal
or human, to learn and to adapt to its environment…Intelligence A is
determined by the genes but is mediated mainly by the complexity and
plasticity of the central nervous system…Intelligence B is the level of
ability that a person actually shows in behavior—cleverness, the
efficiency and complexity of perceptions, learning, thinking , and
problem solving. This is not genetic…Rather, it is the product of the
interplay between genetic potentiality and environmental stimulation…I
have suggested that we should add a third usage to Hebb’s Intelligence A
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and B, namely Intelligence C, which stands for the score or IQ obtained
from a particular test. (Vernon, 1979, pp. 10, 20)
Philip Ewart Vernon is a psychologist who made various contributions to the
psychological literature, particularly in the research topics of personality, intelligence,
and giftedness. In particular, Vernon is recognized as the first intelligence theorist to
present a hierarchical model of intelligence. Vernon’s conceptualization of intelligence
was partially influenced by Donald Hebb’s theory of intelligence, which divided human
intellectual ability into a biological component (i.e., Intelligence A) and an interaction
between biological and environmental influences (i.e., Intelligence B). As quoted above,
Vernon elaborated Hebb’s theory of intelligence to incorporate Intelligence C, which is
the manifestation of tests of cognitive ability (Wasserman, 2012).
Vernon’s conceptualization of intelligence, however, was predominately
influenced by the works of Charles Spearman and Louis Thurstone. In particular,
Vernon’s hierarchical model of intelligence suggested g as proposed by Spearman’s twofactor theory in addition to group factors that are influenced by g as proposed by
Thurstone’s multiple-factor theory (Vernon, 1950). A hierarchical model of intelligence
theorizes that while the largest source of variance in intelligence is attributed to a higherorder general factor, there are also specific, lower-order group factors that are
contributory to the source of variance in intelligence. The specific, lower-order group
factors in Vernon’s hierarchical model of intelligence are verbal-educational ability and
spatial-mechanical ability (Wasserman, 2012). Per Vernon’s factor-analytic
investigations, verbal-educational ability was thought to influence fluency, reasoning,
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attention, numerical, and verbal factors; whereas, spatial-mechanical ability was thought
to influence spatial, mechanical, psychomotor, and technical factors (e.g., reaction time,
drawing, and handwork; Wasserman, 2012).
Contemporary Theoretical Perspectives on Cognitive Abilities
Many psychometrists have contributed to the quantitative understanding of
intelligence. The works of Charles Spearman, Louis Thurstone, and Philip Vernon, in
particular, are essential to the establishment of contemporary perceptions of cognitive
abilities. Presently, the hierarchical model of intelligence dominates as the most
acknowledged conceptualization of cognitive abilities (Carroll, 1993; Wasserman, 2012).
According to this conceptualization, intelligence consists of many related factors that
remain independent of each other. Specifically, the hierarchical model of intelligence
suggests the existence of g as proposed by Spearman’s two-factor theory in addition to
group factors that are influenced by g as proposed by Thurstone’s multiple-factor theory
(Vernon, 1950).
Over the past century, several models of intelligence have been hypothesized. For
the present study, the development of the hierarchical model of intelligence in relation to
the CHC theory of intelligence was examined. The CHC theory of intelligence is
modeled hierarchically with the highest order factor representing overall intelligence (i.e.,
Spearman’s g); second-order factors representing broad cognitive abilities; and first-order
factors representing narrow abilities. As previously noted, the WJ IV COG, WJ IV OL,
and WJ IV ACH are rooted in the CHC theory of intelligence. Therefore, following is an
overview of how this theory came to prominence.
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Theory of Fluid and Crystallized Intelligence
[I]ntellectual abilities are organized at a general level into two general
intelligences, viz., fluid intelligence and crystallized intelligence and in
terms of visual, auditory, memory and speed-of-thinking kinds of
intelligence.…there are those influences which directly affect the
physiological structure upon which intellectual processes must be
constructed--influences operating through the agencies of heredity and
injury: in adulthood development these are most accurately reflected in
measures of fluid intelligence. In early development (at birth, infancy and
childhood), these influences affect both fluid and crystallized abilities.
And on the other hand there are those influences which affect
physiological structure only indirectly through agencies of learnings and
acculturations: crystallized intelligence is the most direct resultant of
individual differences in these influences. (Horn & Cattell, 1967)
In 1941 at the American Psychological Association (APA) National Conference,
Raymond B. Cattell proposed the theory of fluid and crystallized intelligence, which is
central to the development of contemporary structural and hierarchical models of
intelligence. Influenced by Louis Thurstone’s belief that intelligence is a
multidimensional concept, Cattell initially proposed that intelligence should be
conceptualized as being a dichotomous entity (i.e., consisting of two factors that are
highly correlated with one another). This conceptualization of intelligence contested
Charles Spearman’s notion that intelligence is a one-dimensional construct (Brown,
2016; Cattell, 1941). The APA National Conference of 1941 was also notable for its
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establishment of the expressions for the general and broad factors of intelligence.
Namely, the APA Committee stated that the broad factors of intelligence would be
represented by an uppercase G, whereas the general factor of intelligence would be
represented by a lowercase g (Wasserman, 2012).
The two components of intelligence, as proposed by Cattell in his theory of fluid
and crystallized intelligence, were fluid ability and crystallized ability. Cattell posited
that these two components of cognitive abilities were influenced by various internal and
external factors (e.g., heritability, cultural exposure, and/or neurological development;
Cattell, 1943, 1944, 1963, 1987, 1998; Cattell & Horn, 1978). It should be noted that the
understanding of these components have since evolved; however, Cattell originally
described fluid ability as an individual’s ability to perceive relationships between
fundaments without using prior knowledge and/or the ability to reason in order to adapt
to novel situations. Cattell suggested that fluid ability represents an individual’s general
intellectual capacity, and it determines the magnitude of an individual’s crystallized
ability (Cattell, 1941, 1963, 1971). In other words, fluid ability is thought to precede the
acquisition of crystallized ability. Moreover, Cattell posited that fluid ability is
predominant in an individual’s performance from childhood through early adulthood,
whereas crystallized ability is predominant in an individual’s performance during middle
adulthood to late adulthood (Cattell, 1943, 1944; Wasserman, 2012). Cattell described
crystallized ability as an individual’s accessible fund of knowledge, as well as his or her
ability to acquire knowledge using familiar learning strategies. Crystallized ability is
typically measured by tasks that are considered representative of culturally and
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educationally-valued domains, such as word knowledge, language comprehension,
quantitative skills, and factual knowledge (Cattell, 1941, 1963, 1971, 1987; Horn &
Cattell, 1966).
After its introduction in 1941, Cattell’s theory of fluid and crystallized
intelligence accumulated support in the field of psychological science; however, it was
not revisited and/or refined until 1963 when Cattell conducted research in order to
corroborate his original ideas. Specifically, Cattell employed a factor analytic study on
the assessment data of 277 seventh and eighth-grade students. Cattell’s objective was to
assess whether one or two factors comprise intellectual performances on various
intellectual assessments (i.e., Thurstone Primaries, Institute of Personality and Ability
Testing [IPAT] Culture Fair Intelligence Test, and IPAT High School Personality
Questionnaire [HSPQ]; Cattell, 1963). The results of Cattell’s research provided support
for his theory of fluid and crystallized intelligence. Particularly, fluid ability is
representative of an individual’s general intellectual capacity and is intercorrelated with
crystallized ability (Cattell, 1963).
John L. Horn began studying under Cattell at the University of Illinois in the late
1960s. This mentorship led to increased advancements in the understanding of the nature
of intelligence and its course of development across the human lifespan (Wasserman,
2012). Through his research, Horn energized Cattell’s theory of fluid and crystallized
intelligence. In addition to being the first psychologist to empirically investigate Cattell’s
theory, Horn demonstrated that fluid ability and crystallized ability have differing
developmental trajectories (Wasserman, 2012). Horn’s analyses also identified additional
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broad and/or second-order factors, and in coordination with Cattell, Horn expanded the
theory of fluid and crystallized intelligence to include visualization, cognitive speed, and
retrieval capacity (Horn, 1965; Horn & Cattell, 1966). In subsequent years, Horn and
Cattell continued to collaborate in the advancement and refinement of the structure of
intelligence. The theory of fluid and crystallized intelligence was expanded to include the
following broad and/or second-order abilities: Fluid Intelligence (Gf), Crystallized
Intelligence (Gc), Visual-Processing (Gv), Processing Speed (Gs), Short-Term
Acquisition and Retrieval (Gsm), Long-Term Storage and Retrieval (Glr), Auditory
Processing (Ga), Quantitative Reasoning (Gq), and Decision Speed (Gt; Cattell & Horn,
1978).
Three-Stratum Model of Human Cognitive Abilities

The three-stratum theory of cognitive abilities is an expansion and
extension of previous theories. It specifies what kinds of individual
differences in cognitive abilities exist and how those kinds of individual
differences are related to one another. It proposes that there are a fairly
large number of distinct individual differences in cognitive ability, and
that the relationships among them can be derived by classifying them into
three different strata: stratum I, 'narrow' abilities; stratum II, 'broad
abilities; and stratum III, consisting of a single 'general' ability. (Carroll,
1997, p. 122)
John B. Carroll is well known for his application of factor analytic techniques in
the investigation of cognitive abilities, as well as his contributions to the field of applied
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linguistics (Jones, 1994). Early in his career, Carroll was mentored by Louis Thurstone,
which greatly influenced his conceptualization of intelligence (Jones, 1994). Building
upon the research of Thurstone, Cattell, and Horn, Carroll proposed the three-stratum
model of human cognitive abilities (Carroll, 1993). This theory proposed that human
cognitive abilities are best represented by a multiple-stratum, hierarchical model.
Throughout his career, Carroll authored over 500 journal articles and books that
have contributed to the field of psychological science, particularly the understanding of
intelligence (Jones, 1994). In Human Cognitive Abilities: A Survey of Factor Analytic
Studies (1993), Carroll analyzed 461 archival datasets related to human cognitive test
performance. Carroll’s analyses led to the development of the three-stratum model of
human cognitive abilities (Carroll, 1993). Specifically, the results of Carroll’s analyses
suggested the existence of three different strata of intelligence, including a general
intellectual factor, broad cognitive abilities, and narrow cognitive abilities (Carroll,
1993).
As previously mentioned, Carroll’s three-stratum model of human cognitive
abilities consisted of three different strata and/or levels of intelligence. Stratum III, which
is the highest and most general level of the model, represents general intellectual ability
and is represented by Spearman’s g. Carroll posited that Stratum III influenced the
cognitive abilities in Stratum II and Stratum I. Stratum II, which is the middle level of the
model, represents broad factors of intelligence (Carroll, 1993). Given the pervasiveness
of g, Carroll described the broad factors of intelligence as being unique but
intercorrelated entities (Carroll, 1993). Stratum II consists of Fluid Intelligence (Gf),
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Crystallized Intelligence (Gc), Broad Retrieval Ability (Gr), Broad Cognitive Speediness
(Gs), Reaction-Time Decision Speed (Gt), General Memory and Learning (Gsm), Broad
Visual Perception (Gv), and Broad Auditory Perception (Ga; Carroll, 1993). Of note,
Richard Woodcock proposed in 1990 that Quantitative Reasoning ability (Gq) and Broad
Reading and Writing ability (Grw) are cognitive factors that should be included in
Stratum II; however, Carroll rejected this addition to the structure of Stratum II. Rather,
he hypothesized that Grw and Gq are narrow cognitive abilities and therefore,
components of Stratum I (Carroll, 1993). Stratum I, which is the lowest and most specific
level of the model, represents narrow factors of intelligence (Carroll, 1993). Carroll
postulated that narrow cognitive abilities are developed through exposure and/or learning,
and at least 69 narrow cognitive abilities within Stratum I were posited (Carroll, 1993).
Similar to the broad factors of intelligence, narrow factors of intelligence demonstrate
intercorrelations due to the shared variance of the broad cognitive abilities; however,
narrow cognitive abilities also demonstrate unique variance (Carroll, 1993).
Carroll’s three-stratum model of human cognitive abilities significantly aided the
movement for the identification and classification of intellectual ability. Although Carroll
asserted that his model was pivotal to the development of contemporary theories of
intelligence, he acknowledged that his hierarchical model was not static in nature
(Carroll, 1993). Instead, Carroll urged successive researchers to utilize various methods
when assessing an individual’s intelligence in order to best understand that individual’s
intellectual abilities. This way of conceptualization laid the foundation for contemporary
theories of intelligence.
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CHC Theory of Intelligence
Hitherto, Cattell and Horn’s theory of fluid and crystallized intelligence and
Carroll’s three-stratum model of human cognitive abilities dominated the psychometric
understanding of intelligence theory. Unlike Carroll’s tri-stratum theory, Cattell and
Horn’s theory of fluid and crystallized intelligence lacked the concept of a general
intellectual factor, which became an area of dispute within the research literature (Horn &
Blankson, 2012) and thus, the debate as to whether intelligence was a multi- or unidimensional construct has persisted within the research literature (Schneider & McGrew,
2012). As a result, Kevin McGrew proposed a universal taxonomy that would increase
the efficacy of the development of intellectual assessments (Flanagan & Dixon, 2013).
The introduction of the CHC theory of intelligence, which represents the
integration of Cattell and Horn’s theory of fluid and crystallized intelligence and
Carroll’s tri-stratum theory into a hierarchical model of intelligence, has since become
central to the psychometric understanding of intelligence theory (McGrew, 1997;
McGrew & Wendling, 2010; Newton & McGrew, 2010). The initial version of the CHC
theory of intelligence conceptualized intelligence as consisting of a general intellectual
factor, nine broad factors, and various narrow abilities that contribute to the broad factors.
The broad factors posited in the original CHC theory of intelligence were Fluid
Reasoning (Gf), Crystallized Ability (Gc), Visual Processing (Gv), Short-Term Memory
(Gsm), Long-Term Storage and Retrieval (Glr), Processing Speed (Gs), Auditory
Processing (Ga), Quantitative Reasoning (Gq), and Reading and Writing ability (Grw;
Flanagan & McGrew, 1997). Before its introduction in 1997, factor analytic studies of
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previously published tests alluded to the existence of the CHC theory of intelligence
(Schneider & McGrew, 2012). In particular, John Carroll examined the factor structure of
the WJ-R and found that the factor structure was representative of the CHC theory of
intelligence (Carroll, 2003). Specifically, the analysis of the data from the WJ-R yielded a
hierarchical model that consisted of a general intellectual factor and multiple broad
factors (Carroll, 2003).
Following the introduction of the CHC theory of intelligence, there has been a
preponderance of evidence in support of the identification of intelligence based on the
CHC theory of intelligence. Much of this evidence is found in factor analytic studies. For
example, the WJ III was the first assessment instrument to singularly employ the CHC
theory of intelligence. A factor analytic investigation of the WJ III’s standardization
sample yielded a hierarchical model of intelligence that consisted of a general intellectual
factor comprised of nine broad factors (McGrew & Woodcock, 2001). The Kaufman
Assessment Battery for Children - Second Edition (KABC-II; Kaufman & Kaufman,
2004) is another assessment instrument that allows clinicians to choose between the CHC
theory of intelligence or Lurian theory for the interpretation of results. Likewise, the
Differential Ability Scale - Second Edition (DAS-II; Elliot, 2007) and the Stanford-Binet
- Fifth Edition (SB-5; Roid, 2003) included several CHC broad factors in their batteries
(Keith & Reynolds, 2010). It should be noted that the CHC theory of intelligence’s
network of validity evidence extends far beyond factor analytic studies and includes
investigations of development, neurocognition, heritability, and outcome-criterion
prediction (Horn & Noll, 1997). This evidence has led to the widespread
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acknowledgment and utilization of the CHC theory of intelligence as the quintessential
psychometric theory of intelligence.
In 2012, Joel Schneider and Kevin McGrew proposed a reconceptualization of the
CHC theory of intelligence. Schneider and McGrew maintained that intelligence was best
represented hierarchically with g as the overarching factor; however, they identified 16
second-order broad factors in the updated version of the CHC theory of intelligence
(Schneider & McGrew, 2012). Schneider and McGrew (2012) classified these broad
factors into three theoretical domains: acquired knowledge, domain-free general
capacities, and sensory- and motor-linked abilities. Schneider and McGrew (2012)
described the acquired knowledge domain as a representation of g that involved the
learning of useful information stored in an individual’s long-term memory. This domain
included the following broad factors and their respective narrow abilities:
Comprehension-Knowledge (Gc), Domain-Specific Knowledge (Gkn), Reading and
Writing (Grw), and Quantitative Knowledge (Gq). The domain-free general capacities
were described as being impacted by neurological functioning without any particular
association with sensory functioning and included the following broad factors and their
associated narrow abilities: Fluid Reasoning (Gf), Short-Term Memory (Gsm), LongTerm Storage and Retrieval (Glr), Processing Speed (Gs), Reaction and Decision Speed
(Gt), and Psychomotor Speed (Gps). Lastly, the sensory and motor-linked abilities
domain included the following broad factors and their accompanying narrow abilities:
Visual Processing (Gv), Auditory Processing (Ga), Olfactory Abilities (Go), Tactile
Abilities (Gh), Kinesthetic Abilities (Gk), and Psychomotor Abilities (Gp).
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The research literature concerning the CHC theory of intelligence is continually
evolving and increasing in complexity. In fact, many researchers consider the framework
of the CHC theory of intelligence “an open-ended empirical theory to which future tests
of as yet unmeasured or unknown abilities could possibly result in additional factors at
one or more levels in Carroll’s hierarchy” (Jensen, 2004, p. 5). Joel Schneider, for
example, proposed a reconceptualization of the CHC theory of intelligence on his
website, assessingpsyche.wordpress.com, which differed from the conceptualization he
proposed with McGrew in 2012. His visual interpretation of the CHC theory of
intelligence divided the CHC factors into the following five theoretical domains:
Knowledge (i.e., Domain-Specific Knowledge, Comprehension-Knowledge, Reading and
Writing, and Quantitative Knowledge); Controlled Attention (i.e., Fluid Ability and
Short-Term Memory); Motor (i.e., Psychomotor Abilities); Perception (i.e., Kinesthetic
Abilities, Tactile Abilities, Olfactory Abilities, Visual Processing, and Auditory
Processing); and Speed (i.e., Psychomotor Speed, Reaction and Decision Speed, LongTerm Storage and Retrieval, and Processing Speed).
In 2017, Woodcock et al. also proposed a reconceptualization of CHC theory and
the taxonomy used to describe the structure of human cognitive abilities. Their proposed
theory, the F-CHC model divides the constructs of CHC theory into the following three
theoretical domains: Acquired Knowledge (i.e., Comprehension-Knowledge, Reading,
Writing, and Mathematics), Thinking Abilities (i.e., Visual-Spatial Processing, Auditory
Processing, Learning-Memory, and Reasoning), and Cognitive Efficiency (i.e., Conscious
Memory and Cognitive Processing Speed; Woodcock et al., 2017). The CHC factor of
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Short-Term Working Memory (Gsm/Gwm) was re-conceptualized as Conscious Memory
(Gcm) in order to represent what current literature and research depicts about the
structure of memory. In the F-CHC model, Woodcock et al. also reduced the narrow
abilities as contributors to the broad factors, such that only two narrow abilities comprise
each broad ability (Woodcock et al., 2017). Woodcock et al. (2017) asserted that this
reduction in narrow abilities did not result in a loss of information required for clinical
efficacy. The F-CHC model is an emerging theory, and thus, further validity research is
encouraged to support its description of the structure of human cognitive abilities.
In 2018, Schneider and McGrew provided another update to the CHC theory of
intelligence. Ability constructs were added, reorganized, and renamed in the most recent
reconceptualization. For example, recent research and theorization in embodied cognition
suggests that the “tentative” domains of Reaction and Decision Speed (Gt), Kinesthetic
Abilities (Gk), and Tactile Abilities (Gh) may be more elevated than previously
recognized. Emotional Intelligence (Gei), which is an individual’s ability to comprehend
the social and emotional behavior of other individuals, was also suggested to be more
elevated than previously recognized (Schneider & McGrew, 2018). Short-Term Memory
(Gsm) was renamed as Working Memory Capacity (Gwm) in order to represent the
existing theoretical perception of the construct of memory, and Fluid Reasoning ability
(Gf) was proposed to overlap with other broad abilities, such as Quantitative Reasoning
(Gq), Visual Processing (Gv), and Comprehension-Knowledge (Gc; Schneider &
McGrew, 2018).
One of the most radical updates to the CHC theory of intelligence may be the
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splitting of the Long-Term Storage and Retrieval (Glr) factor into the separate broad
factors of Learning Efficiency (Gl) and Retrieval Fluency (Gr). Gl is described as the
amount of time and effort that is needed to store new information in secondary memory,
and Gr is described as the accuracy, speed, and ease of the recovery of information from
secondary memory (Schneider & McGrew, 2018). Another radical update to the CHC
theory of intelligence is the modification of Cognitive Processing Speed (Gs). Schneider
and McGrew (2018) suggest the presence of a general speediness factor that consists of
the following broad abilities: Broad Psychomotor Speed (Gps), Broad Decision Speed
(Gt), Retrieval Fluency (Gr), and Broad Cognitive Speed (Gs). Other modifications to
domains proposed by Schneider and McGrew (2018) include the addition of large-scale
spatial navigation abilities to Visual Processing ability (Gv), a distinction between verbal
and nonverbal facets when interpreting Auditory Processing ability (Ga), and the
consideration of perceptual speed as an intermediate-level processing speed ability that is
composed of two different subtypes.
In 2020, Caemmerer et al. used cross-battery confirmatory factor analyses to examine the validity of the application of the CHC theory of intelligence to individuallyadministered intelligence tests, such as the KABC-II, DAS-II, WJ III, and WISC-V. The
results of their analyses yielded six broad cognitive abilities from the CHC theory of intelligence (i.e., Gc, Gf, Gv, Gwm, Gl, and Gs; Caemmerer et al., 2020). Their findings
suggest that the CHC theory of intelligence is useful in classifying cognitive abilities.
Moreover, their findings suggest that the terminology from the CHC theory of intelligence is applicable in theoretical as well as applied fields. Additionally, their findings
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further support the notion that the CHC theory of intelligence is foundational to the development of assessment instruments and interpretation in the field of psychological science.
The Evolution of the WJ Assessment Batteries
The present study investigated the factor structure of the three batteries of the WJ
IV (i.e., WJ IV COG, WJ IV OL, and WJ IV ACH). Accordingly, the following section
will comprehensively describe each iteration of the WJ (e.g., WJPEB, WJ-R, WJ III, and
WJ IV), as well as the theoretical bases for each iteration.
Woodcock-Johnson Psycho-Educational Battery: 1977
In 1977, the first iteration of the WJ was developed and named the WoodcockJohnson Psycho-Educational Battery (WJPEB; Woodcock & Johnson, 1977). The
WJPEB is a three-part testing instrument that measured cognitive ability and aptitude in
part one; academic achievement in part two; and level of scholastic interest in part three
(Schrank et al., 2016; Woodcock & Johnson, 1977). The WJPEB was purported to
measure the aforementioned abilities and interests in individuals from the preschool to
the geriatric level (Woodcock & Johnson, 1977). Additionally, the norming sample for
the WJPEB was administered the subtests from part one and part two in order to compare
an individual’s performance across abilities (Schrank et al., 2016; Woodcock & Johnson,
1977).
In contrast to pre-existing Wechsler and Binet scales of intelligence, the WJPEB
provided a comprehensive set of cognitive subtests, which included a component of
examinee training (Estabrook, 1983; Woodcock & Johnson, 1977). This component,
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which was to be executed directly by the examiner, was developed to assess an
individual’s ability to learn, and it consisted of the following subtests: AnalysisSynthesis, Visual-Auditory Learning, and Concept Formation (Woodcock & Johnson,
1977). Another improvement to intellectual assessment found in the WJPEB is the
development of the Written Language subtest, which provided a comprehensive
evaluation of academic writing (Woodcock & Johnson, 1977). The WJPEB also differed
from the Wechsler and Binet scales of intelligence in that the WJPEB did not contain any
manipulative measures, with the exception of Visual Matching (Estabrook, 1983).
Historically, the development of the WJPEB was not guided by any particular
theoretical model or orientation (Schrank et al., 2016). Instead, the development of the
WJPEB began with controlled experiments for the measurement of learning abilities, as
conducted by Dr. Richard Woodcock (Schrank et al., 2016). These learning abilities were
designed to exist on a continuum from lower cognitive processes to higher cognitive
processes (Schrank et al., 2016; Woodcock & Johnson, 1977). Following the battery’s
norming process, the broad functions (i.e., Knowledge-Comprehension, ReasoningThinking, Memory-Learning, and Discrimination-Perception) measured by the WJPEB
were determined using factor and cluster analyses (Schrank et al., 2016). It should be
noted that the WJPEB yields scores for these broad functions. Although the concept of an
intelligence quotient was perceived negatively in the psychological science community,
the authors of the WJPEB deemed a general intellectual score as necessary. Accordingly,
the WJPEB introduced the BCA, which was derived by differentially weighing the 12
cognitive tests of the WJPEB (Schrank et al., 2016).
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Woodcock-Johnson Psycho-Educational Battery – Revised: 1989
In 1985, John Horn gave a presentation about the structure of human intellectual
abilities, which led to the creation of the second iteration of the WJ, which was the
Woodcock-Johnson Psycho-Educational Battery - Revised (WJ-R; Woodcock &
Johnson, 1989). Similar to the WJPEB, the WJ-R measured cognitive, academic, and
scholastic abilities in individuals from the preschool to the geriatric level; and it consisted
of the WJ-R COG and WJ-R ACH. The WJ-R shared many similarities with the WJPEB.
For example, the norming procedures for the WJ-R mirrored the norming procedures for
the WJPEB, such that an individual’s performance was compared across abilities through
the administration of cognitive and academic measures to the norming sample (Schrank
et al., 2016; Woodcock, 1990; Woodcock & Johnson, 1989). The WJ-R also utilized the
BCA score. The WJ-R, however, differed from the WJPEB in that the WJ-R allowed for
the examination of significant variation in cognitive performance (i.e., intra-cognitive
discrepancies; Woodcock, 1990; Woodcock & Johnson, 1989).
Kevin McGrew is credited with conducting many of the statistical analyses that
led to the revision of the WJPEB. McGrew’s statistical research facilitated the alignment
of the WJ-R with the theory of fluid and crystallized intelligence as proposed by John
Horn and Raymond Cattell (McGrew et al., 1991; Schrank et al., 2016). Hence, the WJ-R
became the first assessment instrument that was guided by a specific theoretical model. In
total, the WJ-R assessed the following broad factors from the theory of fluid and
crystallized intelligence: Fluid Reasoning (Gf), Comprehension-Knowledge (Gc), Visual
Processing (Gv), Short-Term Memory (Gsm), Long-Term Storage and Retrieval (Glr),
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Processing Speed (Gs), Auditory Processing (Ga), and Quantitative Reasoning (Gq;
McGrew et al., 1991; Schrank et al., 2016; Woodcock & Johnson, 1989). The WJ-R COG
was the primary battery for measuring seven of the nine broad factors (i.e., Gf, Gc, Gv,
Gsm, Glr, Gs, and Ga), whereas Gq and Grw were accessed through the administration of
the WJ-R ACH (Schrank et al., 2016).
In 1990, Dr. Richard Woodcock provided empirical evidence for the purported
factor structure of the WJ-R in a research article that thoroughly reviewed a
conglomeration of factor analytic investigations of the WJPEB and WJ-R. His
investigations led to the conclusion that the WJ-R adequately assessed the broad factors
of the theory of fluid and crystallized intelligence. Moreover, Woodcock posited that
each of the broad factors on the WJ-R was derived from two measures of that specific
factor (Woodcock, 1990). Of note, the majority of factor analytic studies utilized for
Woodcock’s analysis were of a confirmatory nature, which subsequent research has
demonstrated is problematic in determining the factor structure of an instrument
(Woodcock, 1990).
Woodcock-Johnson III: 2001
The third iteration of the WJ was the Woodcock-Johnson III (WJ III; Woodcock
et al., 2001, 2007). The WJ III consisted of a Diagnostic Supplement, the WJ III COG,
and the WJ III ACH that could be utilized with individuals from the preschool to the
geriatric level. The WJ III measured cognitive, academic, and oral language abilities
when administered in its entirety (Schrank et al., 2010). The WJ III differed from
previous iterations of the WJ in that the Diagnostic Supplement with additional testing
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items was developed in order to assist the examiner (Woodcock et al., 2003, 2007). Of
note, the WJ III COG, ACH, and Diagnostic Supplement were co-normed together,
mirroring the norming procedures of previous WJ assessment batteries.
The WJ III was the first assessment instrument to be explicitly rooted in the CHC
theory of intelligence (McGrew & Woodcock, 2001; Schrank et al., 2010; Schrank &
Wendling, 2012). Interpretation of the WJ III was executed hierarchically, involving the
analysis of an individual's general intellectual ability, broad cognitive abilities, and
narrow cognitive abilities (McGrew & Woodcock, 2001). Previous iterations of the WJ
moved away from the utilization of g and/or a general intellectual factor, and instead, the
batteries made use of the BCA score. The factor structure of the CHC theory of
intelligence, however, called for the utilization of a general intellectual factor.
Accordingly, the WJ III yielded the General Intellectual Ability (GIA) score, which
existed at the highest level of the CHC theory of intelligence and was likened to
Spearman’s g (McGrew & Woodcock, 2001). The GIA score was hypothesized to be the
combination of multiple cognitive factors, as well as responsible for the variance
observed across all administered subtests (Schrank et al., 2010). The middle level of the
CHC theory of intelligence consisted of broad cognitive abilities that could be further
arranged into the following cognitive clusters: Verbal Ability, Thinking Ability, and
Cognitive Efficiency (McGrew & Woodcock, 2001; Schrank et al., 2010).
The broad cognitive abilities included in the WJ III were Fluid Reasoning (Gf),
Comprehension-Knowledge (Gc), Visual-Spatial Processing (Gv), Long-Term Storage
and Retrieval (Glr), Short-Term Memory (Gsm), Processing Speed (Gs), and Auditory
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Processing (Ga; Schrank et al., 2010). The lowest level of the CHC theory of intelligence
consisted of narrow cognitive abilities that were grouped together given similarities
and/or factor loadings. Of note, the technical manual specified that each broad cognitive
ability was comprised of at least two narrow cognitive abilities (McGrew & Woodcock,
2001). The narrow cognitive ability clusters in the WJ III were Working Memory,
Associative Memory, Quantitative Reasoning, Visualization, Auditory Memory Span,
Perceptual Speed, Phonemic Awareness, and Sound Discrimination (Schrank et al.,
2010).
Following its publication in 2001, the WJ III became the subject of extensive
research and evaluation. Namely, McGrew and Woodcock (2001) claimed that there were
numerous factor analytic studies that verified the proposed factor structure of the WJ III
(i.e., g plus nine broad cognitive factors). In 2010, Keith and Reynolds also
comprehensively reviewed numerous studies that examined the WJ III and found
evidence for the proposed factor structure of the WJ III. As previously mentioned, many
of the factor analytic studies utilized to validate the factor structure of the WJ III were of
a confirmatory nature. The reliance on CFA procedures and exclusion of EFA procedures
is problematic in statistical analyses as it may lead to over-factoring of an assessment
instrument (Keith & Reynolds, 2010). Accordingly, critics of the WJ III’s purported
factor structure have hypothesized the existence of fewer cognitive factors than proposed
by the authors of the WJ III (Dombrowski, 2013, 2015; Dombrowski & Watkins, 2013;
McGill & Busse, 2015). In 2013, for example, Dombrowski employed EFA to analyze
the correlation matrices for two of the children and adolescent age groups from the

43

norming sample of the WJ III COG. The results of his analyses suggested the retention of
only three to four factors (Dombrowski, 2013). Another exploratory factor analytic
investigation of the entire WJ III yielded six factors in school-age individuals and five
factors in older individuals (Dombrowski & Watkins, 2013). In 2015, Dombrowski
investigated the factor structure of the WJ III ACH for school-aged children and found
that interpretability beyond overall achievement is limited. Likewise, McGill and Busse’s
(2015) examination of the incremental validity of the WJ III COG suggested limited
interpretability of scores beyond general intelligence. In short, the findings of the
aforementioned studies significantly deviate from the suggestions provided in the
technical manual.
Woodcock Johnson IV: 2014
Presently, the WJ assessment batteries are in their fourth iteration. In 2014, the
Woodcock-Johnson IV (WJ IV; Schrank et al., 2014a) was developed utilizing the
updated perspectives of the CHC theory of intelligence and neuropsychological research.
In contrast to previous iterations, the current version does not include its original author,
Dr. Richard Woodcock. The WJ IV consists of the WJ IV COG, WJ IV ACH, and WJ IV
OL. Similar to previous WJ assessment batteries, the WJ IV COG, WJ IV ACH, and WJ
IV OL were co-normed together in order to facilitate the comparison of abilities between
the tests.
The authors of the WJ IV identified a general measure of intelligence (g) in
addition to 10 of the 16 broad cognitive abilities in the CHC theory of intelligence.
Namely, the WJ IV purportedly assesses the following cognitive abilities: Domain
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Specific Knowledge (Gkn), Quantitative Knowledge (Gq), Reading and Writing (Grw),
Comprehension-Knowledge (Gc), Fluid Reasoning (Gf), Short-Term Working Memory
(Gwm), Long-Term Storage and Retrieval (Glr), Visual Processing (Gv), Auditory
Processing (Ga), and Processing Speed (Gs; Schneider & McGrew, 2018). The WJ IV
COG and WJ IV OL yield seven of the factors (i.e., Gf, Gc, Gv, Glr, Gwm, Gs, and Ga),
and the WJ IV ACH yields three of the factors (i.e., Gkn, Grw, and Gq).
Fluid Reasoning (Gf) refers to the ability to reason, form concepts, and solve
problems using unfamiliar information or novel procedures. Comprehension-Knowledge
(Gc) is the breadth and depth of an individual’s acquired knowledge, the ability to
communicate that knowledge verbally, and the ability to reason using previously learned
experiences or procedures. Visual Processing (Gv) involves the utilization of visual
patterns and/or mental imagery in order to think and/or solve problems. Long-Term
Storage and Retrieval (Glr) refers to the ability to store and efficiently retrieve previously
learned information. Short-Term Working Memory (Gwm) is the ability to hold,
manipulate, and reproduce information in immediate awareness. Processing Speed (Gs) is
the ability to fluently and automatically perform cognitive tasks, and Auditory Processing
(Ga) involves noticing, comparing, and discriminating between disparate sounds.
Domain-Specific Knowledge (Gkn) is the breadth and depth of an individual’s
declarative and procedural knowledge. It should be noted that members of a society may
or may not develop Gkn. Reading and Writing (Grw) refers to the breadth and depth of an
individual’s declarative and procedural knowledge as it pertains to written language,
whereas Quantitative Knowledge (Gq) refers to the breadth and depth of an individual’s
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declarative and procedural knowledge as it pertains to mathematics (Schneider &
McGrew, 2018).
The WJ IV was developed parallel to the advancement of the CHC theory of
intelligence. Namely, changes were made regarding cluster scores and subtests. For
example, McGrew et al. (2014) sought to increase the amount of cognitively complex
measures of Reading Fluency and Auditory Processing. Additionally, the narrow abilities
of Memory for Sound and Speed of Lexical Access were introduced on the WJ IV.
Another change in the WJ IV is the removal of the GIA-Extended Composite that was
utilized in the WJ III (McGrew et al., 2014). Instead, the standard battery of the WJ IV
COG yields three composites of general intelligence: General Intellectual Ability (GIA),
Brief Intellectual Ability (BIA), and Fluid-Crystallized (Gf-Gc). The Gf-Gc Composite, a
new component of the WJ IV, can be utilized in place of the GIA Composite in some
instances (McGrew et al., 2014). Similar to the WJPEB and WJ-R, the WJ IV includes
scholastic measures of reading, writing, and mathematics (McGrew et al., 2014). The WJ
IV OL, another new component of the WJ, provides additional interpretive information
with cluster scores in the areas of Broad Oral Language, Oral Expression, Listening
Comprehension, Phonetic Coding, and Speed of Lexical Access (McGrew et al., 2014).
In the technical manual, McGrew et al. (2014) provide support for the factor
structure of the WJ IV using various exploratory procedures, such as principal component
analysis and principal axis factoring. Of note, the technical manual did not report any
results from the principal axis factoring procedure due to Heywood Cases, which may
suggest that the common factor model is not an appropriate model of the data and/or
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there are too many common factors (Fabrigar & Wegener, 2012). To date, there is a
limited amount of research evaluating the factor structure of the full battery of the WJ IV.
In 2016, Dombrowski et al. investigated the factor structure of the WJ IV COG for the 9
to 13-year-old and 14 to 19-year-old age groups. The results of their analyses supported
the presence of four broad CHC factors: Gc, Gwm, Gs, and combined Gf/Glr/Ga. Spurgin
(2018) investigated the factor structure of the WJ IV COG and WJ IV OL for the 14 to
19-year-old age group. The results of her analyses supported the presence of five broad
CHC factors: Gc, Ga, Gs, Gwm, and combined Gf/Gv/Glr.
There is only one independent examination of the full WJ IV (i.e., WJ IV COG,
WJ IV ACH, and WJ IV OL). In 2017, Dombrowski et al. employed a hierarchical
exploratory factor analysis to investigate the factor structure of the WJ IV. The authors of
the WJ IV posit that the battery yields 10 broad factors; however, the results of
Dombrowski et al. (2017) suggest that the WJ IV strongly measures g and seven broad
factors (Gc, Ga, Gwm, Gv, Grw, Gs, and combined Gf/Gq). Although their results
suggest that more factors appear to be measured by the WJ IV than the WJ III
(Dombrowski, 2013, 2015; Dombrowski & Watkins, 2013; McGill & Busse, 2015), the
results suggest that the composition of many of the cognitive factors on the WJ IV differ
than what is presented in the technical manual. The factor structure of the WJ IV has yet
to be evaluated using CFA, which is typically employed when there is an a priori
hypothesis. One of the objectives of the present study was to add clarity to the field’s
understanding of the factor structure of the WJ IV. More information about the WJ IV,
including its composition and measurement specifications, is discussed in Chapter III.
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Proposed Models for the Current Study
The CHC Theory of Intelligence
The CHC theory of intelligence is arguably the most empirically supported
psychometric theory of intelligence. Namely, the CHC theory of intelligence is supported
by an extensive culmination of factor analytic research and validity evidence. The CHC
theory of intelligence is preceded by the Cattell-Horn theory of fluid and crystallized
intelligence and the Carroll tri-stratum model. That is, it represents the integration of the
works of Raymond Cattell, John Horn, and John Carroll. Currently, the CHC theory of
intelligence is comprised of an overall g, which consists of 16 broad cognitive abilities
and 80 narrow cognitive abilities (McGrew & Wendling, 2010; Schneider & McGrew,
2012). The purpose of the model is to support the assessment and interpretation of the
cognitive performance of individuals with suspected learning disabilities. The WJ IV is a
measure of intellectual ability, academic achievement, and oral language ability. The WJ
IV is modeled hierarchically with an overall g and claims to assess the following
cognitive functions: Domain-Specific Knowledge (Gkn), Quantitative Knowledge (Gq),
Reading and Writing (Grw), Comprehension-Knowledge (Gc), Fluid Reasoning (Gf),
Short-Term Working Memory (Gwm), Long-Term Storage and Retrieval (Glr), Visual
Processing (Gv), Auditory Processing (Ga), and Processing Speed (Gs).
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The F-CHC Model of Cognitive Abilities
Woodcock et al. (2017) proposed the F-CHC model of cognitive abilities, which
is a reconceptualization of the CHC theory of intelligence. The model divides the
constructs of the CHC theory of intelligence into three theoretical domains. The Acquired
Knowledge domain includes Comprehension-Knowledge (Gc), Reading (Grw-R),
Writing (Grw-W), and Mathematics (Gq). The Thinking Abilities domain includes
Visual-Spatial Processing (Gv), Auditory Processing (Ga), Learning-Memory (Glm), and
Reasoning (Gr). The Cognitive Efficiency domain includes Conscious Memory (Gcm)
and Cognitive Processing Speed (Gs). An additional feature of the F-CHC model of
cognitive abilities is the modification of the narrow abilities. This model proposes that
only two narrow abilities need to comprise each broad ability. The present study sought
to add to the validation of the F-CHC model of cognitive abilities, as there is limited
research supporting the model. Figure 1 provides a comparison of the proposed models
for the current study.
Conclusion
This chapter reviewed the literature that is relevant to the proposed study.
Intelligence has been one of the most researched subjects in the history of psychology.
Recent research highlights the importance of the development of assessment measures in
the understanding and development of intelligence theory. Although many theories and
models of intelligence exist in the field of psychology, there is debate as to which of
these theories and/or models of intelligence best epitomizes intelligence. Therefore, the
primary research question and purpose of this study was to evaluate the factor structure of
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general intellectual ability, cognitive abilities, oral language, and academic knowledge
using differing models of cognitive ability. Specifically, this research study determined
whether the CHC theory of intelligence or the F-CHC model of cognitive abilities best
fits the sample data from the WJ IV Norming Study.
Figure 1
Proposed Models for the Current Study
Functional CHC Model of Cognitive
Abilities
BROAD
Narrow Abilities
ABILITIES
COMPREHENSION Verbal Ability (GcKNOWLEDGE (Gc) VA)

CHC Theory of Intelligence
BROAD
ABILITIES
CRYSTALLIZED
INTELLIGENCE
(Gc)

Factual Knowledge
(Gc-K)

BROAD READING
(Grw-R)

BROAD WRITING
(Grw-W)
BROAD
MATHEMATICS
(Gq)
PSYCHOMOTOR
ABILITIES (Gp)
VISUAL-SPATIAL
PROCESSING (Gv)
AUDITORY
PROCESSING (Ga)

LEARNINGMEMORY (Glm)

Reading Skills (GrwRS)
Reading
Comprehension (GrwRC)
Writing Skills (GrwWS)
Writing Composition
(Grw-WC)
Calculation (Gq-C)
Applied Math (Gq-Ap)

READING AND
WRITING (Grw)

QUANTITATIVE
KNOWLEDGE
(Gq)

Handwriting (Gp)

Narrow Abilities
Language Development
(LD)
Listening Ability (LS)
Lexical Knowledge
(VL)
General Verbal
Information (K0)
Reading Decoding
(RD)
Reading
Comprehension (RC)
Reading Speed (RS)
Spelling Ability (SG)
English Usage (EU)
Writing Ability (WA)
Writing Speed (WS)
Mathematical
Achievement (A3)
Mathematical
Knowledge (KM)
---

Pictorial Processing
(Gv-PP)
Spatial Processing
(Gv-SP)
Sound Discrimination
(Ga-SD)
Phonetics (Ga-Ph)

VISUAL
PROCESSING
(Gv)

Immediate Recall
(Glm-IR)
Memory Retrieval
(Glm-MR)

LEARNING
EFFICIENCY
(Gl)

AUDITORY
PROCESSING
(Ga)

RETRIEVAL
FLUENCY (Gr)
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Closure Speed (CS)
Visualization (VZ)
Spatial Relations (SR)
Spatial Scanning (SS)
Speech Sound
Discrimination (US)
Resistance to Auditory
Stimulus Distortion
(UR)
Sound Discrimination
(U3)
Phonetic Coding (PC)
Associative Memory
(MA)
Meaningful Memory
(MM)
Free-Recall Memory
(M6)
Visual Memory (MV)
Ideational Fluency (FI)
Associational Fluency
(FA)
Expressional Fluency
(FE)

REASONING (Gr)

Contextual
Reasoning (Gr-CR)
Inductive/Deductive
Reasoning (Gr-ID)

FLUID
REASONING
(Gf)

CONSCIOUS
MEMORY (Gcm)

Memory Span (GcmMS)
Working Memory
(Gcm -WM)

SHORT-TERM
MEMORY (Gsm)

COGNITIVE
PROCESSING
SPEED (Gs)

Perceptual Speed
(Gs-PS)
Thinking Speed (GsTS)

PROCESSING
SPEED (Gs)

Sensitivity to
Problems/Alternative
Solution Fluency (SP)
Originality/Creativity
(FO)
Naming Facility (NA)
Word Fluency (FW)
Speed of Lexical
Access (LA)
Figural Fluency (FF)
Figural Flexibility (FX)
Quantitative or
Numerical Reasoning
(RQ)
Induction (I)
General Sequential
Reasoning (RG)
Memory Span (MS)
Working Memory
Capacity (WM)
Attentional Control
(AC)
Perceptual Speed (P)
Attention and
Concentration (AC)
Rate of Test Taking
(R9)
Number Facility (N)

Note. Adapted from Evidenced-based selective assessment for academic disorders (3032), by R. W. Woodcock, D. C. Miller, D. E. Maricle, and R. J. McGill, 2017, School
Neuropsych Press.
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CHAPTER III
METHOD
This chapter outlines the methodology for the research study, including
participants, procedures, and materials. Detailed information on the psychometric
properties of the measures, and statistical procedures used in the analysis are presented.
Participants
The normative data set for the WJ IV was requested and obtained from the
authors. In the case that the raw data set was unavailable, the researcher had the option of
extracting the data from the subtest correlation matrices for the WJ IV for ages 6–8 years,
9–13 years, and 14–19 years, which are available in the Technical Manual: WoodcockJohnson IV (McGrew et al., 2014). These age ranges were selected to represent the agerange available in the schools for researchers and practitioners. Participants in the study
were comprised of a demographically diverse sample, varying on factors such as age,
gender, race, and geographic region. Additional demographic data (i.e., community type,
parent education, employment status, educational attainment, and type of school) are
provided in the technical manual. During test development, the demographic
characteristics of the sample were monitored throughout the WJ IV Norming Study in
order to maintain as accurate a reflection of the U.S. population as possible.
The data set consisted of 7,416 participants (ages 2–90+ years). Overall sample
sizes for each test in the WJ IV standardization battery varied according to the age range
that was appropriate for each test. Specifically, the preschool sample consisted of 664
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children (ages 2 to 5 years) who were not enrolled in kindergarten. The kindergarten
through 12th grade sample consisted of 3,891 children and adolescents. It should be
noted that the principal investigators of the WJ IV Norming Study collected a higher
density of participants in the “school-age population” to capture the greatest rate of
growth of the abilities measured by the WJ IV. The college/university sample consisted
of 775 undergraduate and graduate students. The adult sample consisted of 2,086 adults.
Procedures
An archival data set previously obtained through the WJ IV Norming Study was
used for this analysis. Data were collected between 2009 and 2012. Most data were
gathered by trained professional examiners, who were required to undergo a five-hour
online training course, consisting of test-by-test video modules, practice exercises, and
summative quiz questions (McGrew et al., 2014). Trained professional examiners were
recruited by project staff at Riverside Publishing through the WJ III customer databases,
the National Association of School Psychologists’ member database, and a subscriptionbased educational database. Following the successful completion of online training,
examiners were required to complete practice test administration for three cases. Practice
administration protocols were then reviewed for proficiency in administration and scoring
of all norming tests before trained professional examiners were permitted to work with
norming study participants.
Norming study participants were identified through the WJ IV project website,
which organized norming cases by region, age, and other demographic characteristics.
Project staff at Riverside Publishing monitored the sample acquisition throughout the
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norming study in order to maintain adherence to the demographic variable distributions
of the WJ IV norming sampling plan (McGrew et al., 2014). Accordingly, the following
sample acquisition approaches were initiated halfway through the WJ IV norming study:
specific demographic characteristics were identified via a market research firm and
paraprofessional examiners were added to account for the influx of participants (McGrew
et al., 2014). All paraprofessional examiners were required to hold at least a bachelor’s
degree in education or a related field and complete a one-week, in-person WJ IV test
administration training program. Following the successful completion of in-person
training, all paraprofessional examiners were required to undergo the online training
course and complete practice test administration for three cases before they were
approved to collect norming data.
Norming study participants, who matched the requirements of the WJ IV norming
sampling plan, were administered the norming tests by the examiners. Informed consent
was granted as part of the assessment procedure. Per the recommendation of Anigbo
(2011), a block design for administration was employed to increase the efficacy of test
coverage (McGrew et al., 2014). Specifically, all of the tests in the WJ IV standardization
battery were separated into the following distinct blocks: Block A consisting of 19 tests,
Block B consisting of 17 tests, and Block C consisting of 15 tests. Block D, a fourth
and/or linking block consisting of 18 tests, was created from a subset of tests from Block
A (seven tests), Block B (six tests), and Block C (five tests) to increase the comparability
of participant results (McGrew et al., 2014). Prior to administration, norming study
participants were randomly assigned to one of the four blocks. Overall sample sizes for
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each test in the WJ IV standardization battery varied according to the age range that was
appropriate for each test. Completed protocols were submitted to project staff at
Riverside Publishing, who reviewed the submitted protocols for completion and accuracy
of administration procedures. Item data from the approved protocols were then added to
the master norming data files. The complete participant records for the WJ IV Norming
Study were generated using methods within a software program for incomplete
multivariate data (i.e., expectation maximization and data augmentation; McGrew et al.,
2014).
Measurement Instrumentation
The data set for this study includes the subtests comprising the WJ IV, which was
designed to advance administration and interpretation options in order to meet
contemporary assessment needs. Specifically, the foci of the WJ IV were to increase
cognitive complexity, facilitate the measurement of relative strengths and weaknesses,
improve the assessment for very low and/or high abilities, and improve the assessment of
very young children (McGrew et al., 2014). This assessment was selected as part of the
WJ IV Norming Study, which was designed to provide validity evidence for the WJ IV,
as well as provide impartial measures of an individual’s general intellectual ability; broad
and narrow cognitive abilities in accordance with contemporary CHC theory; and
academic knowledge. The WJ IV has utility in a variety of settings (e.g., research,
clinical assessment, and educational assessment), and it consists of the following three,
co-normed batteries: WJ IV COG, WJ IV ACH, and WJ IV OL. In total, the WJ IV
standardization battery contains 51 subtests. Of those subtests, Memory for Names from
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the WJ III DS, Verbal Analogies from the WJ III DS, Visual Closure from the WJ III DS,
and Number Sense from the WJ IV norming study are research tests.
Reliability
In an effort to provide unbiased measures of an individual’s cognitive abilities,
oral language abilities, and academic achievement, the WJ IV was developed in
accordance with the test standards outlined in the Standards for Educational and
Psychological Testing (AERA et al., 2014). Reliability (r11) refers to the overall
consistency of a measure and is described as the ratio of true-score variance to observedscore variance (McGrew et al., 2014). When a measure produces similar results under
consistent conditions, it is said to have high reliability. More specifically, a Pearson
Product-Moment Correlation Coefficient (PPMCC) of at least .80 is said to be indicative
of high reliability. The types of reliability analyses performed for the WJ IV included
test-retest reliability, internal consistency, and split-half reliability. Reliability
coefficients were calculated for all WJ IV tests, clusters, and composites across the age
ranges of intended use. Test-retest reliability refers to the observation of repeating a
measurement process on the same participants under consistent conditions. Test-retest
reliability was estimated for speeded tasks.
In the technical manual, it is suggested that cluster scores should be used for
individual interpretation and decision-making due to higher reliability estimates than
observed in the reliability estimates of subtest scores. Internal consistency reliability
refers to the observation of how closely the items on an assessment measure the same
construct, and split-half reliability refers to the observation of the extent to which each
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part of an assessment contributes to what construct is being measured. Using the splithalf procedure, internal consistency reliability was estimated for untimed tasks and
dichotomously scored items. Based on the assessment authors’ work, the WJ IV is
considered by the field of psychology to be a reliable assessment instrument. Reliability
statistics for the WJ IV are presented in the technical manual (McGrew et al., 2014).
Validity
Validity refers to how well an assessment measures what it claims to measure.
The types of validity analyses performed for the WJ IV included construct validity,
predictive validity, and convergent validity. Internal structure validity was examined
using multidimensional scaling, factor-analytic methods, and cluster analysis. Construct
validity refers to how well a measure represents a pre-existing theoretical construct. The
WJ IV is preceded by the WJPEB, WJ-R, and WJ III, all of which have large bodies of
validity evidence. Furthermore, the WJ IV is rooted in a vast body of research related to
the CHC theory of intelligence. Construct validity can be further expounded by
examining predictive and convergent validity. Predictive validity refers to how well a
measure precipitates a related behavior. For example, an assessment that is expected to
measure learning disabilities should produce differential results for individuals with a
specific learning disability compared to “typically-developing” individuals.
In one of the clinical validity studies for the WJ IV, the performances of small
clinical samples (e.g., intellectual disability, attention-deficit/hyperactivity disorder,
autism spectrum disorder, and gifted) were assessed for group differences. Convergent
validity refers to how well the measure correlates with other measures targeting the same
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construct. Based on its correlations with other measures, evidence of convergent validity
for the WJ IV was reported. Specifically, the WJ IV COG was compared to and
correlated very well with six different batteries of general intelligence; the WJ IV OL was
compared to and correlated moderately well with three different batteries of language
functioning; and the WJ IV ACH was compared to and correlated moderately well with
two different batteries of academic achievement. The Technical Manual: WoodcockJohnson IV (McGrew et al., 2014) contains a more thorough discussion concerning
correlations between the various cluster and composite scores for the cognitive,
achievement, and oral language measures.
Woodcock-Johnson IV Tests of Cognitive Abilities
The WJ IV COG battery includes 18 subtests measuring general intelligence,
broad cognitive abilities, and narrow cognitive abilities. The Standard Battery of the WJ
IV COG is comprised of 10 subtests, and the Extended Battery of the WJ IV COG is
comprised of 8 subtests. The subtests included in the Extended Battery are intended to
supplement the interpretative information gathered from the Standard Battery. The core
of the WJ IV COG is comprised of the first seven subtests of the Standard Battery, and it
yields the GIA score, which includes one subtest each of Comprehension-Knowledge
(Gc), Fluid Reasoning (Gf), Short-Term Working (Gwm), Processing Speed (Gs),
Auditory Processing (Ga), Long-Term Storage and Retrieval (Glr), and Visual
Processing (Gv). Other cognitive composites yielded by subtests of the WJ IV COG are
the BIA Composite and the Gf-Gc Composite. The BIA Composite includes one subtest
each of Comprehension-Knowledge (Gc), Fluid Reasoning (Gf), and Short-Term
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Working Memory (Gwm). The Gf-Gc Composite includes two tests each of
Comprehension-Knowledge (Gc) and Fluid Reasoning (Gf). Following are descriptions
and psychometrics of the subtests from the WJ IV COG battery that are used in the
current study:
Oral Vocabulary
This subtest is considered a measure of Comprehension-Knowledge (Gc); it
assesses the narrow ability of Lexical Knowledge. On the Oral Vocabulary subtest, an
individual is asked to provide synonyms and antonyms for words. The median reliability
coefficient demonstrated strong reliability (0.89).
Number Series
This subtest is considered a measure of Fluid Reasoning (Gf); it assesses the
narrow ability of Quantitative Reasoning. On the Number Series subtest, an individual is
asked to determine a numerical pattern in order to identify the missing number in each
logical series (e.g., 1-3-5-__-9-11). The median reliability coefficient demonstrated
strong reliability (0.91).
Verbal Attention
This subtest is considered a measure of Short-Term Working Memory (Gwm); it
assesses the narrow abilities of Working Memory Capacity and Attentional Control. On
the Verbal Attention subtest, an individual is asked to listen to a series of animals and
numbers and then repeat items in a particular order as directed by the examiner (e.g.,
“Tell me the two numbers between sheep and goat” or “Tell me the last number, but first,
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tell me the first animal”). The median reliability coefficient demonstrated strong
reliability (0.86).
Letter-Pattern Matching
This subtest is considered a measure of Processing Speed (Gs); it assesses the
narrow ability of Perceptual Speed. On the Letter-Pattern Matching subtest, an individual
is asked to locate the two matching letter sequences in a row that includes several
distractor combinations within a 3-minute time limit. The ability to efficiently recognize
orthographic patterns is foundational in reading. Reliability coefficients demonstrated
strong reliability and ranged from .88 to .91.
Phonological Processing
This subtest is considered a measure of Auditory Processing (Ga) and Long-Term
Storage and Retrieval (Glr); it assesses the narrow abilities of Phonetic Coding and
Listening Ability. Phonological Processing is comprised of three components: Word
Access, Word Fluency, and Substitution. On the Word Access component, an individual
is asked to listen to an audio recording of an alphabet sound and then identify a word that
starts, ends, or has the designated sound in the middle (e.g., “Tell me a word that has the
/f/ sound at the end of the word.”). On the Word Fluency component, an individual is
asked to name as many words that he/she can recall, and on the Substitution component,
an individual is asked to substitute words, word endings, and/or letter sounds in order to
create a new word (e.g., “Change the /b/ in ‘bat’ to /k/.” [cat]). The median reliability
coefficient demonstrated strong reliability (0.84).
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Story Recall
This subtest is considered a measure of Long-Term Storage and Retrieval (Glr); it
assesses the narrow ability of Meaningful Memory. On the Story Recall subtest, an
individual is asked to listen to dictated stories and then recall each story as accurately as
possible, which requires the use of receptive and expressive language skills. The median
reliability coefficient demonstrated strong reliability (0.93).
Visualization
This subtest is considered a measure of Visual Processing (Gv); it assesses the
narrow ability of Visualization. The Visualization subtest is comprised of two
components: Spatial Relations and Block Rotation. On the Spatial Relations component,
an individual is asked to select puzzle pieces that could be assembled into a designated
geometric shape. On the Block Rotation component, an individual is asked to match
drawings of three-dimensional blocks constructions that have been rotated in space. The
median reliability coefficient demonstrated strong reliability (0.85).
General Information
This subtest is considered a measure of Comprehension Knowledge (Gc); it
assesses the narrow ability of General Verbal Information. On the General Information
subtest, an individual is asked to answer factual questions about objects that appear
commonly in a person’s environment (e.g., “where would you find a faucet” and “what
would you do with a thermometer”). The median reliability coefficient demonstrated
strong reliability (0.88).
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Concept Formation
This subtest is considered a measure of Fluid Reasoning (Gf); it assesses the
narrow ability of Induction. On the Concept Formation subtest, an individual is asked to
identify the rule that divides a set of symbols into two groups. The median reliability
coefficient demonstrated strong reliability (0.93).
Numbers Reversed
This subtest is considered a measure of Short-Term Working Memory (Gwm); it
assesses the narrow ability of Working Memory Capacity. On the Numbers Reversed
subtest, an individual is asked to maintain a string of numbers in his/her immediate
awareness while performing a mental operation on it (e.g., reversing the sequence). The
median reliability coefficient demonstrated strong reliability (0.88).
Number-Pattern Matching
This subtest is considered a measure of Processing Speed (Gs); it assesses the
narrow ability of Perceptual Speed. On the Number-Pattern Matching subtest, an
individual is asked to locate the two matching number sequences in a row that includes
several distractor combinations within a 3-minute time limit. Reliability coefficients
demonstrated strong reliability and ranged from .84 to .88.
Nonword Repetition
This subtest is considered a measure of Auditory Processing (Ga); it assesses the
narrow abilities of Phonetic Coding, Memory for Sound Patterns, and Auditory Memory
Span. On the Nonword Repetition subtest, an individual is asked to listen to dictated
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nonsense words (e.g., ‘wudoip’ or ‘chasedoolid’) and then accurately repeat them to the
examiner. The median reliability coefficient demonstrated strong reliability (0.91).
Visual-Auditory Learning
This subtest is considered a measure of Long-Term Storage and Retrieval (Glr); it
assesses the narrow ability of Associative Memory. On the Visual-Auditory Learning
subtest, an individual is asked to learn rebus symbols for words and then read sentences
written with those symbols. Visual-Auditory Learning is unique in that it is an active
learning task. The median reliability coefficient demonstrated strong reliability (0.97).
Picture Recognition
This subtest is considered a measure of Visual Processing (Gv); it assesses the
narrow ability of Visual Memory. On the Picture Recognition subtest, an individual is
asked to view one or more pictures and then identify the picture(s) on another page that
includes distractor pictures. The median reliability coefficient demonstrated moderate
reliability (0.74).
Analysis-Synthesis
This subtest is considered a measure of Fluid Reasoning (Gf); it assesses the
narrow ability of General Sequential and/or Deductive Reasoning. On the AnalysisSynthesis subtest, an individual is asked to solve logical puzzles involving mathematical
and scientific symbolic rules. The median reliability coefficient demonstrated strong
reliability (0.93)
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Object-Number Sequencing
This subtest is considered a measure of Short-Term Working Memory (Gwm); it
assesses the narrow ability of Working Memory Capacity. On the Object-Number
Sequencing subtest, an individual is asked to listen to dictated words and numbers and
then repeat them to the examiner in the order the words and numbers were dictated. The
median reliability coefficient demonstrated strong reliability (0.89).
Pair Cancellation
This subtest is considered a measure of Processing Speed (Gs); it assesses the
narrow abilities of Perceptual Speed, Working Memory Capacity, and Attentional
Control. On the Pair Cancellation subtest, an individual is asked to quickly locate a
repeated pattern (i.e., each ball followed by a dog) amongst distractor pictures within a 3minute time limit. Reliability coefficients demonstrated strong reliability and ranged from
.89 to .95.
Memory for Words
This subtest is considered a measure of Short-Term Working Memory (Gwm); it
assesses the narrow ability of Memory Span. On the Memory for Words subtest, an
individual is asked to listen to a list of unrelated words and then repeat the series of
words in the correct sequence. The median reliability coefficient demonstrated strong
reliability (0.82).
Woodcock-Johnson IV Tests of Oral Language
The WJ IV OL battery includes 12 subtests measuring oral language ability,
listening comprehension in English and Spanish, oral expression, phonetic coding, and
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speed of lexical access. Overall, the WJ IV OL yields nine Oral Language cluster scores
and two Oral Language and Cognitive scores. The core of the WJ IV OL is comprised of
the first four subtests, and it allows for the calculation of intra-oral language variations, as
well as the determination of relative strengths and weaknesses among the subtests and
clusters. An additional feature of the WJ IV OL is its adaptation for Spanish
administration, which facilitates the comparison of English and Spanish language
proficiency and dominance if warranted. However, only the English language subtests
were utilized in the analysis. Following are descriptions and psychometrics of the
subtests from the WJ IV OL battery that are used in the current study:
Picture Vocabulary
This subtest is considered a measure of Comprehension-Knowledge (Gc); it
assesses the narrow abilities of Lexical Knowledge and Language Development. On the
Picture Vocabulary subtest, an individual is asked to provide the names for pictures he or
she is shown, which measures an individual’s vocabulary, verbal ability, and knowledge
of culture. Low performance on this subtest may be indicative of limited vocabulary,
word retrieval difficulties, and/or limited exposure to the prevalent culture. The median
reliability coefficient demonstrated strong reliability (0.88).
Oral Comprehension
This subtest is considered a measure of Comprehension-Knowledge (Gc); it
assesses the narrow ability of Listening Skills. On the Oral Comprehension subtest, an
individual is asked to listen to a short passage and provide the word missing at the end of
each dictated sentence or paragraph, which measures an individual’s listening ability and
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language development. Low performance on this subtest may be indicative of limited
attention, limited semantic knowledge, and/or limited syntactic knowledge. The median
reliability coefficient demonstrated strong reliability (0.82).
Segmentation
This subtest is considered a measure of Auditory Processing (Ga); it assesses the
narrow ability of Phonetic Coding. On the Segmentation subtest, an individual is asked to
listen to dictated words and repeat them to the examiner as separate syllables or sounds
(e.g., cat = /k/ ă /t/). Segmentation is a foundational skill for spelling and reading. The
median reliability coefficient demonstrated strong reliability (0.94).
Rapid Picture Naming
This subtest is considered a measure of Long-Term Storage and Retrieval (Glr); it
assesses the narrow abilities of Naming Facility and Speed of Lexical Access. On the
Rapid Picture Naming subtest, an individual is asked to name simple pictures as quickly
as possible for two minutes, which measures an individual’s verbal fluency. Verbal
fluency is a foundational skill for reading. Reliability coefficients demonstrated strong
reliability and ranged from .79 to .90.
Sentence Repetition
This subtest is considered a measure of Short-Term Working Memory (Gwm); it
assesses the narrow ability of Memory Span. On the Sentence Repetition subtest, an
individual is asked to listen to dictated sentences and accurately repeat them to the
examiner. The median reliability coefficient demonstrated strong reliability (0.83).
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Understanding Directions
This subtest is considered a measure of Short-Term Working Memory (Gwm) and
Comprehension-Knowledge (Gc); it assesses the narrow abilities of Working Memory
Capacity and Listening Skills. On the Understanding Directions subtest, an individual is
asked to follow oral directions in order to point to different parts of pictures, which
measures an individual’s listening ability and language development. Low performance
on this subtest may be indicative of limited attention, vocabulary, memory span, or
comprehension. The median reliability coefficient demonstrated strong reliability (0.87).
Sound Blending
This subtest is considered a measure of Auditory Processing (Ga); it assesses the
narrow ability of Phonetic Coding. On the Sound Blending subtest, an individual is asked
to identify dictated words that are broken into separate sounds (e.g., /k/ ă /t/ = cat), which
measures an individual’s skills in synthesizing language sounds. Sound blending is a
foundational skill for reading. The median reliability coefficient demonstrated strong
reliability (0.89).
Retrieval Fluency
This subtest is considered a measure of Long-Term Storage and Retrieval (Glr); it
assesses the narrow abilities of Ideational Fluency and Speed of Lexical Access. On the
Retrieval Fluency subtest, an individual is asked to name as many things as possible in
one minute in each of three given categories (e.g., food or drink items), which measures
an individual’s fluency of retrieval from stored knowledge. The median reliability
coefficient demonstrated strong reliability (0.80).
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Sound Awareness
This subtest is considered a measure of Auditory Processing (Ga); it assesses the
narrow ability of Phonetic Coding. Sound Awareness is comprised of two parts: Rhyming
and Deletion, which measure an individual’s ability to understand and utilize the sounds
within words. Sound Awareness is a foundational skill for spelling and decoding. The
median reliability coefficient demonstrated strong reliability (0.82).
Woodcock-Johnson IV Tests of Achievement
The WJ IV ACH battery includes 20 subtests measuring reading, written
language, mathematics, science, social studies, humanities, and spelling of sounds. The
Standard Battery of the WJ IV ACH is comprised of 11 subtests, and the Extended
Battery of the WJ IV ACH is comprised of 9 subtests. The subtests included in the
Extended Battery are intended to supplement the interpretative information gathered from
the Standard Battery. Overall, the WJ IV ACH yields six reading, four mathematics, four
written language, and six cross-domain cluster scores. The core of the WJ IV ACH is
comprised of the first six subtests of the Standard Battery, and it yields Reading,
Mathematics, and Written Language clusters. The core of the WJ IV ACH also yields the
Academic Skills and Academic Applications clusters, which include one skill each of
Reading, Mathematics, and Written Language. Another achievement composite yielded
by subtests of the WJ IV ACH is the Brief Achievement cluster, which is comprised of
the Letter-Word Identification, Applied Problems, and Spelling subtests. Following are
descriptions and psychometrics of the subtests from the WJ IV ACH battery that are used
in the current study:
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Letter-Word Identification
This subtest is considered a measure of Reading (Grw); it assesses the narrow
ability of Reading Decoding. On the Letter-Word Identification subtest, an individual is
asked to name letters and read words orally from a list. The median reliability coefficient
demonstrated strong reliability (0.94).
Applied Problems
This subtest is considered a measure of Quantitative Reasoning (Gq); it assesses
the narrow ability of Mathematical Achievement. On the Applied Problems subtest, an
individual is asked to listen to oral, math “word problems” and solve them. A paper and
pencil can be utilized if necessary. The median reliability coefficient demonstrated strong
reliability (0.92).
Spelling
This subtest is considered a measure of Writing (Grw); it assesses the narrow
ability of Spelling Ability. On the Spelling subtest, an individual is asked to write letters
and words in response to oral prompts. Factors, such as handwriting, fine-motor skill,
phonological coding, and orthographic coding, may impact an individual’s performance
on this subtest. The median reliability coefficient demonstrated strong reliability (0.92).
Passage Comprehension
This subtest is considered a measure of Reading (Grw); it assesses the narrow
ability of Reading Comprehension. On the Passage Comprehension subtest, an individual
is asked to use syntactic and semantic clues to supply the missing word of a sentence or
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very brief paragraph. The median reliability coefficient demonstrated strong reliability
(0.89).
Calculation
This subtest is considered a measure of Quantitative Reasoning (Gq); it assesses
the narrow ability of Math Calculation Skills. On the Calculation subtest, an individual is
asked to compute a variety of arithmetic problems using a paper and pencil. The median
reliability coefficient demonstrated strong reliability (0.93).
Writing Samples
This subtest is considered a measure of Writing (Grw); it assesses the narrow
ability of Writing Ability. On the Writing Samples subtest, an individual is asked to write
sentences according to directions given by the examiner. Factors, such as limited
vocabulary, poor motivation, limited word knowledge, and limited organizational skills,
may impact an individual’s performance on this subtest. The median reliability
coefficient demonstrated strong reliability (0.90).
Word Attack
This subtest is considered a measure of Reading (Grw) and Auditory Processing
(Ga); it assesses the narrow abilities of Phonetic Coding and Reading Decoding. On the
Word Attack subtest, an individual is asked to read a variety of sounds (e.g., /k/ or /pl/)
and nonsense words (e.g., klurt). Knowledge of phoneme-grapheme relationships
facilitates performance on this subtest. The median reliability coefficient demonstrated
strong reliability (0.90).
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Oral Reading
This subtest is considered a measure of Reading (Grw); it assesses the narrow
abilities of Reading Decoding and Verbal Language Comprehension. On the Oral
Reading subtest, an individual is asked to read aloud sentences as efficiently as possible.
That is, reading fluency and reading accuracy are both factored into the overall score. The
median reliability coefficient demonstrated strong reliability (0.96).
Sentence Reading Fluency
This subtest is considered a measure of Reading (Grw) and Comprehension
Knowledge (Gc); it assesses the narrow abilities of Reading Comprehension and Reading
Rate. On the Sentence Reading Fluency subtest, an individual is asked to read sentences
and mark “yes” or “no” for each to indicate its truth within a 3-minute time limit.
Reliability coefficients demonstrated strong reliability and ranged from .93 to .95.
Math Facts Fluency
This subtest is considered a measure of Quantitative Reasoning (Gq) and
Processing Speed (Gs); it assesses the narrow ability of Number Facility. On the Math
Facts Fluency subtest, an individual is asked to quickly calculate single-digit addition,
subtraction, and multiplication facts within a 3-minute time limit. Reliability coefficients
demonstrated strong reliability and ranged from .95 to .97.
Sentence Writing Fluency
This subtest is considered a measure of Writing (Grw) and Processing Speed (Gs);
it assesses the narrow ability of Writing Speed Fluency. On the Sentence Writing Fluency
subtest, an individual is asked to describe pictures by writing simple sentences using
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three given words within a 7-minute time limit. Reliability coefficients demonstrated
strong reliability and ranged from .76 to .88.
Reading Recall
This subtest is considered a measure of Reading (Grw) and Long-Term Storage
and Retrieval (Glr); it assesses the narrow abilities of Reading Comprehension and
Meaningful Memory. On the Reading Recall subtest, an individual is asked to read
several short stories and then retell each story from memory immediately after reading
the stories. The median reliability coefficient demonstrated strong reliability (0.92).
Number Matrices
This subtest is considered a measure of Quantitative Reasoning (Gq) and Fluid
Reasoning (Gf); it assesses the narrow ability of Quantitative Knowledge. On the Number
Matrices subtest, an individual is asked to supply the missing number in a grid of
numbers in which numbers change after determining the different rules in the rows and
the columns. The median reliability coefficient demonstrated strong reliability (0.92).
Editing
This subtest is considered a measure of Writing (Grw); it assesses the narrow
ability of English Usage Knowledge. On the Editing subtest, an individual is asked to
correct spelling, punctuation, and grammar errors that are deliberately placed in typed
sentences. The median reliability coefficient demonstrated strong reliability (0.91).
Word Reading Fluency
This subtest is considered a measure of Reading (Grw) and Processing Speed
(Gs); it assesses the narrow abilities of Reading Comprehension and Reading Speed. On
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the Word Reading Fluency subtest, an individual reads words from a printed list as
quickly as possible within a 3-minute time limit. Reliability coefficients demonstrated
strong reliability and ranged from .91 to .93.
Spelling of Sounds
This subtest is considered a measure of Writing (Grw) and Auditory Processing
(Ga); it assesses the narrow abilities of Spelling Ability and Phonetic Coding. On the
Spelling of Sounds subtest, an individual is asked to listen to, repeat, and write nonsense
words. The median reliability coefficient demonstrated strong reliability (0.88).
Reading Vocabulary
This subtest is considered a measure of Reading (Grw) and Comprehension
Knowledge (Gc); it assesses the narrow abilities of Reading Comprehension and Lexical
Knowledge. On the Reading Vocabulary subtest, an individual is asked to state synonyms
and antonyms for printed words. The median reliability coefficient demonstrated strong
reliability (0.88).
Science
This subtest is considered a measure of Comprehension Knowledge (Gc); it
assesses the narrow abilities of General Verbal Information and General Science
Information. On the Science subtest, an individual is asked to answer questions about
science information. The median reliability coefficient demonstrated strong reliability
(0.84).
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Social Studies
This subtest is considered a measure of Comprehension Knowledge (Gc); it
assesses the narrow abilities of General Verbal Information and Information About
Culture. On the Social Studies subtest, an individual is asked to answer questions about
social studies information. The median reliability coefficient demonstrated strong
reliability (0.87).
Humanities
This subtest is considered a measure of Comprehension Knowledge (Gc); it
assesses the narrow abilities of General Verbal Information and Information About
Culture. On the Humanities subtest, an individual is asked to answer questions about art,
music, and literature information. The median reliability coefficient demonstrated strong
reliability (0.87).
Data Analysis
The purpose of the present study was to evaluate the factor structure of general
intellectual ability, cognitive abilities, oral language, and academic knowledge using the
F-CHC model of cognitive abilities and the CHC theory of intelligence. Findings from
this study may contribute to a better understanding of the intellectual ability, cognitive
abilities, and academic knowledge in children, adolescents, and adults. The following
research questions were proposed:
1. Does the proposed F-CHC model explain the latent structure of human abilities as
measured by data from the WJ IV standardization sample?
a. Research Hypothesis 1: The data will support the proposed F-CHC model.
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b. Research Hypothesis 2: In comparison to other models, the proposed FCHC model will be the best fitting model for the data from the WJ IV
standardization sample.
2. If the aforementioned model does not adequately represent the WJ IV
standardization sample, is there another factor structure that best fits the data?
a. Research Hypothesis 3: The results from the analysis will not support the
proposed factor structure that is identified by the test authors of the WJ IV.
Statistical Analyses
Factor analysis is a multivariate statistical technique that is used to identify
whether the correlations between a set of observed variables stem from their relationship
to one or more latent variables in the data. Latent variables are factors that cannot be
directly measured (e.g., intelligence), but it is assumed that the latent variables are related
to several factors that can be measured (e.g., test scores; Field, 2015). In statistics, there
are many different types of factor analysis. EFA is utilized to examine the underlying
structure of a large set of variables. Structural equation modeling (SEM) is utilized to
analyze structural relationships. CFA occurs within SEM and is utilized to confirm or
reject the measurement theory (Field, 2015). EFA and CFA are thought to be
complementary procedures as posited by statistics literature. Specifically, researchers
initially employ EFA procedures to determine the structural disposition of an assessment
instrument, and then, CFA procedures are employed to examine the acceptability of the
proposed structure that was identified by the EFA procedures.
The present study examined the factor structure of the WJ IV COG, WJ IV ACH,
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and WJ IV OL. In particular, this study sought to corroborate the hypothesized factor
structure of the F-CHC model of cognitive abilities. Initially, EFA was employed to
objectively and empirically explore the factor structure of the WJ IV. CFA within a SEM
paradigm was then conducted to examine whether the CHC theory of intelligence or the
F-CHC model of cognitive abilities is the best fitting model to explain the factor structure
of the WJ IV.
Descriptive Data
The data set consisted of 7,416 participants (ages 2–90+ years). The technical
manual indicates that the normative data accounted for gender, race, country of origin,
geographic region, community type, parent education, employment status, educational
attainment, and type of school. Detailed demographic characteristics are provided in the
technical manual. The standardization data set for the WJ IV was obtained by the
researcher and was determined to be suitable for use. The following age groups: 6 to 8
years, 9 to 13 years, and 14 to 19 years were used in the present analyses. The 6 to 8
years age group consisted of 825 participants, the 9 to 13 years age group consisted of
1,572 participants, and the 14 to 19 years age group consisted of 1,685 participants.
Sample Size
The appropriate sample size required for factor analytic procedures is a critical
question in research. According to Kline (2013), suggestions for the minimum number of
participants required to achieve power in an EFA/CFA are based on the number of
parameters in the measurement model (e.g., pattern coefficients, error variances, etc.),
type of estimation method used, and/or the distributional characteristics of the data.
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Assuming that a larger sample has as much representativeness as a smaller sample,
however, factor analysis is seen as a technique requiring a large sample. This is because
SEM is based on covariances, which are less stable when estimated from small samples
(Ullman, 2006). In general, Shah and Goldstein (2006) posited that the typical number of
participants for an EFA and/or CFA model with 10 parameters is approximately 200
participants. In the present analysis, 47 subtests function as observed variables in the
model. Although the sample sizes for each test in the WJ IV standardization battery
varied according to the age range that was appropriate for each test, each sub-sample
(e.g., preschool, school-age, college/university, and adult) met the criteria for the
minimum sample size of 470 participants.
Addressing Issues with Data
The WJ IV standardization sample was examined for missing data values. In the
case of missing data values, a researcher must address the issue of missing-ness. Missing
data is problematic because most statistical techniques require a value for each variable.
Missing data can be treated with list-wise and/or pairwise deletion, in which the subtests
with missing data will be eliminated from the analysis. Another option is imputation to
fill in the missing data. The gold-standard methods for handling missing data are Full
Information Maximum Likelihood (FIML) Estimation and Multiple Imputation (MI;
Baraldi & Enders, 2010). FIML Estimation does not involve the replacement and/or
imputation of data. Rather, FIML involves the estimation of population parameters that
are most likely to produce the estimates from the sample data that is analyzed (Collins et
al., 2001). MI involves the estimation of values multiple times, which results in multiple
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imputed datasets. A preliminary analysis of the 47 subtests from the WJ IV COG, WJ IV
ACH, and WJ IV OL revealed that only 0.01% of the dataset was missing; therefore, the
researcher proceeded with analysis.
It should be noted that the authors of the WJ IV indicated that the standardization
data are based on imputed data (McGrew et al., 2014). According to the technical
manual, the complete participant records for the WJ IV Norming Study were generated
via a two-step Expectation Maximization (EM) + Data Augmentation (DA) NORM
procedure, which is a form of Bayesian Multiple Imputation (McGrew et al., 2014). In
the DA step, 10,000 iterations were used to generate 10 multiple imputed data sets, one of
which was randomly selected to serve as the basis for the calculation of the WJ IV norms
(McGrew et al., 2014). It should be noted that the use of imputed data limits the
interpretability of research findings.
Exploratory Factor Analysis
At the onset of test development, test authors typically utilize qualitative
processes to hypothesize the occurrence of latent constructs on an assessment instrument.
For example, test authors may rely on preexisting theoretical rationale, such as the CHC
theory of intelligence and/or Lurian theory, in order to conceptualize and interpret
assessment instruments (Fabrigar & Wegener, 2012). EFA is utilized to empirically
determine the number of common factors that are present in an assessment instrument.
The use of EFA allows for the analysis of correlations between measured variables. It,
also, provides an explanation regarding the variation and co-variation between observed
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variables. In the current study, the intent of the analyses was to be truly exploratory;
therefore, EFA was utilized to explore multiple subsets of the same data.
EFA is a complex multivariate statistical technique that involves many steps.
Prior to conducting an EFA, it is important to evaluate several assumptions in order to
determine the suitability of the data. As previously mentioned, factor analysis is seen as a
technique requiring a large sample size. According to the test manual, each sub-sample
(e.g., preschool, school-age, college/university, and adult) for the WJ IV met the criteria
for the minimum sample size that is required to be considered representative of the
population. Several tests, such as the Kaiser-Meyer-Olkin (KMO) Measure of Sampling
Adequacy and Bartlett’s Test of Sphericity, were also used to assess the suitability of the
data for EFA (Bartlett, 1950; Kaiser & Rice, 1974). The Bartlett’s Test of Sphericity
assesses the variance that exists between variables within the correlation matrix. The
Bartlett’s Test of Sphericity must be significant at the p < 0.05 level, suggesting that the
variables are not random in nature and correlate adequately with each other (Bartlett,
1950). The KMO Measure of Sampling Adequacy assesses the proportion of common
variance among variables (Kaiser & Rice, 1974). The index for the KMO Measure of
Sampling Adequacy ranges from 0.00 to 1.00, with values over 0.50 considered as
appropriate for conducting an EFA (Williams et al., 2010).
After the researcher determined that the data is suitable for an EFA, the researcher
was tasked with determining how the factors will be extracted. The goal of factor
extraction is to evaluate the correlations identified between the measured variables to
determine the underlying factor structure of an instrument (Williams et al., 2010). The
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process of factor extraction can be accomplished through numerous statistical techniques,
such as principal components analysis, principal axis factoring, image factoring,
maximum likelihood, alpha factoring, and canonical factoring (Williams et al., 2010).
Additionally, the researcher had to determine what criteria will assist in determining
factor extraction. In statistics literature, multiple criteria exist, such as Kaiser’s Criteria,
the Scree Test, the cumulative percent of variance extracted, and parallel analysis
(Williams et al., 2010). The current study employed principal axis factoring to
hypothesize the underlying factor structure of the WJ IV. Multiple factor extraction
criteria such as parallel analysis and the Scree Test, were also used to hypothesize the
underlying factor structure of the WJ IV.
In the next step of EFA, the researcher identified an interpretable and simplified
solution through the process of factor rotation, which maximizes high-item loadings and
minimizes low-item loadings (Williams et al., 2010). When the data is considered to be
uncorrelated, the process of factor rotation is typically accomplished through orthogonal
rotation, whereas oblique rotation is utilized when the data is considered to be correlated
(Williams et al., 2010). The WJ IV data is considered to be highly correlated.
Accordingly, the researcher selected an oblique promax rotation. In the last step of EFA,
the researcher examined which variables are attributable to which factors. The researcher
also utilized pre-existing theory to give those factors meaningful labels.
Confirmatory Factor Analysis/Structural Equation Modeling
CFA is a statistical technique that occurs within SEM, which is an assemblage of
statistical techniques that allows for the examination of any possible relationships
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between one or more continuous or discrete independent variables and one or more
continuous or discrete dependent variables (Schumacker & Lomax, 2004). Within SEM,
CFA is considered the measurement model because it determines the causal relationship
between latent factors and their observed indicator variables. In statistics literature, SEM
is also referred to as analysis of covariance structures, path analysis, simultaneous
equation modeling, causal analysis, causal modeling, and/or CFA (Schumacker &
Lomax, 2004).
SEM is distinguished from other statistical procedures in that it allows for the
measurement of “latent” and/or unobserved variables (Schumacker & Lomax, 2004).
Additionally, SEM is distinguished from other statistical procedural models in that it
requires the models being examined to be based in previous research and existing
theories. The goals of SEM are to use indicators to identify latent variables and evaluate
hypotheses about the relationships of the latent variables (Schumacker & Lomax, 2004).
In the present study, SEM was utilized to measure how well various theoretical models fit
with the standardization data from the WJ IV. SEM was selected as the preferred method
of analysis due to its statistical sophistication in measuring and comparing complex
theories, its ability to account for measurement error, and its representation of the
relationships between variables in the real world (Schumacker & Lomax, 2004).
There are five steps involved in the process of analyzing a confirmatory factor
model: model specification, model identification, model estimation, model testing, and
model modification (Schumacker & Lomax, 2004). In model specification, the researcher
was tasked with transferring previous theories and research into a structural model. Once
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model specification was completed, the researcher had to ensure that there were at least
two indicators of each latent variable, and the measurement errors of those indicators
were uncorrelated (i.e., model identification; Schumacker & Lomax, 2004). After
addressing the identification of the model, the parameters of the specified factor model
were estimated, which is the model estimation step of SEM. Parameters can be estimated
in a variety of ways (e.g., maximum likelihood, generalized least squares, and
unweighted least squares; Schumacker & Lomax, 2004).
In model testing, the researcher was tasked with determining whether or not the
specified model is supported by the sample data. In other words, the validity of the
structural model was examined. If the fit of the specified model was deemed insufficient,
the researcher had to re-specify the model in order to achieve a better fit (i.e., model
modification; Schumacker & Lomax, 2004). General fit indices indicate how well both
the measurement model and structural model fit the data (Field, 2015). As with the
variety of parameter estimates, there are many fit indices available for the utilization of
the researcher. A model is considered a “good fit” if at least one incremental fit index
(e.g., CFI, AGFI, GFI, TLI, etc.) and one badness of fit index (e.g., RMR, RMSEA,
SRMR, etc.) meet the predetermined criteria, and the value of the chi-square test is
insignificant (Schumacker & Lomax, 2004).
In the proposed analysis, a number of exploratory CFA’s were conducted on
models consisting of various factors. Namely, the current study examined factor
structures that are consistent with theoretical perspectives (i.e., CHC theory of
intelligence); previous research results (e.g., Dombrowski et al., 2016, 2017; Spurgin,
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2018); and the F-CHC model of cognitive abilities (i.e., the model of interest in this
study). The researcher examined each model for goodness of fit. It was hypothesized that
the F-CHC model of cognitive abilities will be the best fitting model out of all the
examined models.
Conclusion
This chapter outlined the methodology of the proposed research study. An
emphasis was placed on providing information on the psychometric properties of the
measures. The chapter also discussed the statistical procedures that were employed in the
data analysis.
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CHAPTER IV
RESULTS
The primary focus of this study was to examine the factor structure of general
intellectual ability, cognitive abilities, oral language, and academic knowledge using
differing models of cognitive ability chosen to represent current views in the field of
psychology. This chapter presents the results of the statistical analyses, which include
discussions of preliminary data analysis methods, exploratory factor analyses, and
confirmatory factor analyses. RStudio, which is a programming language for statistical
computations and graphics, was utilized for the preliminary and primary analyses.
Preliminary Data Analysis
The results obtained from this study are based on analyses using the
standardization sample from the WJ IV Norming Study. Specifically, the present study
analyzed the normative data for ages 6–19 years, as these ages are representative of the
age-range available in the schools for researchers and practitioners. The selected group
consisted of 4,082 participants.
The preliminary analysis examined the 47 subtests from the WJ IV COG, WJ IV
ACH, and WJ IV OL. A missing values analysis indicated that 0.01% of all possible
values was determined to be missing. Missing data for individual variables ranged from
0% to 2% (see Figure 2). It is typically suggested that there exist at least 10 observations
for each variable in the factor analysis. The subsample for the present study is, therefore,
adequate.
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Figure 2
Percentage of Missing Values in Each Variable in the Dataset
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Further, the researcher determined that a specific procedure for handling missing values
in the data analysis was unnecessary based on the minimal amount of missing data.
Bivariate correlations between all of the observed variables were also conducted in order
to measure the degree of similarity between them.
Primary Data Analysis
The primary analysis involved multiple EFA and CFA on 32 subtests from the WJ
IV COG, WJ IV ACH, and WJ IV OL. Of the 47 subtests used in the preliminary data
analysis, all of the academic subtests were removed with the exception of Reading
Vocabulary and the Academic Knowledge subtests (i.e., Humanities, Social Science, and
Science), which are hypothesized to be measures of the construct of Comprehension
Knowledge (Gc). The academic subtests were removed because they were not created
with the intention of being factored. Rather, these subtests represent different levels
and/or layers of academic abilities. For example, an individual must first be able to
identify letters and words (i.e., Letter-Word Identification) before he or she is able to
fluently read sentences (i.e., Sentence Reading Fluency) and understand what he or she
reads (i.e., Passage Comprehension).
Of note, the present study did not examine the higher-order structure of the FCHC model of cognitive abilities. Data were first examined by broad constructs (e.g., Gr,
Gc, Gv, Ga, Gcm, Glm, and Gs) in order to evaluate the hypothesized groupings of
narrow abilities, and then, data were examined as a whole in order to evaluate the
hypothesized groupings of broad abilities. First, EFA was employed to explore multiple
subsets of the standardization sample data. Prior to conducting EFA, however, a
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correlation matrix was generated and analyzed using several EFA methodologies. First,
the correlation matrix was evaluated using Bartlett’s Test of Sphericity (Bartlett, 1950)
and the KMO Measure of Sampling Adequacy (Kaiser & Rice, 1974) to ensure suitability
for factor analysis. After determining whether or not the correlation matrix was
appropriate for factor analytic procedures, the researcher employed methods, such as the
Scree Test and parallel analysis, in order to determine how many factors to extract.
Factors were then extracted using principal axis factoring with an oblique, promax
rotation. In order to illustrate the strength of the relationships between variables,
standardized loadings were computed and examined. Standardized loadings are useful
because they allow for the direct comparison between variables. Standardized loadings
typically range from 0 to 1; however, standardized loadings over the value of 1 may still
be considered valid if the error variance is non-negative (Schreiber, 2008). In the present
analysis, there were latent variables that exceeded the value of 1, which may indicate
multicollinearity between the latent variables (Schreiber, 2008).
After investigating how variables load without influence from the researcher,
CFA was employed to investigate various factor structures. The comparative fit index
(CFI) and the root mean square error of approximation (RMSEA) were chosen to
measure different aspects of approximate fit. The CFI was selected because of its
sensitivity to model misspecification (Kline, 2013). Values greater than .90 indicate a
good fit of the model. The RMSEA was selected because of its popularity in the field of
statistics. Values range from 0 to 1, with lower values indicating goodness of fit. Finally,
the researcher analyzed whether the reduction in the residual sum of squares between
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models was statistically significant. This analysis answered the question of whether the
hypothesized models differed from one another mathematically.
Reasoning
Analysis-Synthesis, Concept Formation, Number Series, and Number Matrices
are hypothesized to be measures of the construct of Reasoning (Gr). These subtests were
used to generate a correlation matrix (see Figure 3).
Figure 2
Correlation Matrix of the Hypothesized Gr Subtests
Correlation plot
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Bartlett’s Test of Sphericity indicated that the correlation matrix was not random
in nature (χ2 = 5,135.58, df = 6, p < .001). The KMO Measure of Sampling Adequacy
was .75, which exceeds the minimum requirement for conducting a factor analysis
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(Kline, 2013). Given these statistics, the correlation matrix was deemed to be appropriate
for factor analytic procedures. Parallel analysis suggested a maximum of two factors, as
did the examination of the visual scree plot (see Figure 4). In the EFA, the subtests
loaded onto two, clear factors. As hypothesized by the F-CHC model, the EFA supported
an Inductive/Deductive Reasoning narrow factor, which consists of Analysis-Synthesis
and Concept Formation, and a Contextual Reasoning narrow factor, which consists of
Number Matrices and Number Series. See Tables 1 and 2 for the factor loadings of the
Gr subtests and the correlations between the Gr narrow factors.
Figure 3
Visual Scree Plot of the Hypothesized Gr Subtests
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Table 1
EFA Standardized Factor Loadings for the Gr Two-Factor Solution
Contextual Reasoning

Analysis Synthesis

Inductive/Deductive
Reasoning
.57

Concept Formation

.58

.21

Number Matrices

-.01

.81

Number Series

.01

.81

.21

Table 2
EFA Factor Correlations for the Gr Two-Factor Solution
Inductive/Deductive
Reasoning
Contextual Reasoning

1.00

.61

.61

1.00

Inductive/Deductive
Reasoning

Contextual Reasoning

Various models of Gr were assessed for model fit. In the single-factor model of
Gr, one of the approximate fit indices was considered poor (RMSEA = .193), whereas the
CFI was deemed acceptable at .941. A two-factor structure of Gr, as hypothesized by the
F-CHC model, proved to be the best fitting model (CFI = .998, RMSEA = .052). In the
two-factor structure of Gr, Analysis-Synthesis and Concept Formation form a narrow
factor labeled by the F-CHC model as Inductive/Deductive Reasoning; whereas Number
Matrices and Number Series form a narrow factor labeled by the F-CHC model as
Contextual Reasoning (see Figure 5).
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Figure 4
Two-Factor Model of Gr

Comprehension-Knowledge
The following subtests are hypothesized to be measures of the construct of
Comprehension-Knowledge (Gc): Picture Vocabulary, Oral Comprehension, Oral
Vocabulary, Academic Knowledge, General Information, and Reading Vocabulary. A
correlation matrix using these subtests was generated and analyzed (see Figure 6).
Figure 5
Correlation Matrix of the Hypothesized Gc Subtests
Correlation plot
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Bartlett’s Test of Sphericity (χ2 = 17,519.77, df = 15, p < .001) indicated that the
correlation matrix was not random in nature, and the KMO Measure of Sampling
Adequacy (.91) exceeded the minimum requirement. Based on these results, the
correlation matrix was deemed to be appropriate for factor analytic procedures. An
examination of the correlation matrix revealed that the subtests are highly correlated.
Further, Oral Vocabulary and Academic Knowledge have the strongest correlations with
the other Gc subtests. Parallel analysis suggested a maximum of three factors, whereas
examination of the visual scree plot identified between two and three factors (see Figure
7).
Figure 6
Visual Scree Plot of the Hypothesized Gc Subtests

Extracting more than one factor, however, tended to result in factors that were
only loaded by one item. Beyond the overall construct of Gc, these subtests did not
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appear to reveal a clear structure. Accordingly, Academic Knowledge was deconstructed
into its component parts of Humanities, Social Studies, and Science in order to identify
more structure in the construct of Gc. A three-factor solution provides support for a
knowledge factor, vocabulary of objects factor, and language comprehension factor (see
Tables 3 and 4). In the three-factor model of Gc, Humanities, Social Studies, and Science
form a factor that evaluates knowledge; Picture Vocabulary, Oral Vocabulary, and
General Information form a factor that evaluates vocabulary of objects; and Oral
Comprehension and Reading Vocabulary form a factor that evaluates language
comprehension. As hypothesized by the F-CHC model, the two-factor solution provides
support for the distinction between verbal ability and factual knowledge (see Tables 5
and 6). The Factual Knowledge narrow factor consists of Science and Social Studies,
whereas the Verbal Ability narrow factor consists of Picture Vocabulary, Oral
Comprehension, Oral Vocabulary, Humanities, General Information, and Reading
Vocabulary.
Table 3
EFA Standardized Factor Loadings for the Gc Three-Factor Solution
Knowledge

Object

Language

Vocabulary

Comprehension

Picture Vocabulary

.37

.47

.06

Oral Comprehension

.28

.08

.48

Oral Vocabulary

.08

.47

.37

Humanities

.49

.34

.01

Social Studies

.67

.24

-.02

Science

1.01

-0.24

.06
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General Information

-.17

1.03

-.01

Reading Vocabulary

.01

.02

.86

Table 4
EFA Factor Correlations for the Gc Three-Factor Solution
Knowledge
Object
Vocabulary
Language
Comprehension

1.00

.76

.80

.76

1.00

.79

.80

.79

1.00

Object

Language

Vocabulary

Comprehension

Knowledge

Table 5
EFA Standardized Factor Loadings for the Gc Two-Factor Solution
Verbal Ability

Factual Knowledge

Picture Vocabulary

.63

.25

Oral Comprehension

.45

.35

Oral Vocabulary

.82

.07

Humanities

.46

.36

Social Studies

.38

.50

Science

-.20

1.07

General Information

1.00

-.22

Reading Vocabulary

.56

.28
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Table 6
EFA Factor Correlations for the Gc Two-Factor Solution
Verbal Ability

1.00

.78

Factual Knowledge

.78

1.00

Verbal Ability

Factual Knowledge

One, two, and three-factor models of Gc were generated and assessed for model
fit using CFA. The three-factor model of Gc was the best fitting of the tested models
(One-Factor Model, CFI = .932, RMSEA = .141; Two-Factor Model, CFI = .941,
RMSEA = .134; Three-Factor Model, CFI = .953, RMSEA = .127). Though the threefactor model was the best fitting of the tested models, its absolute fit index (RMSEA =
.127) is not excellent. See Figure 8 for a visual representation of the three-factor model.
Likewise, the absolute fit indices of the one- and two-factor models of Gc were also
subpar.
Figure 7
Three-Factor Model of Gc
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Memory
Memory is a complex neurocognitive construct that is not easily measured in its
entirety. In the CHC theory of intelligence, the broad factors of Short-Term Memory (i.e.,
the amount of information that can be retained and immediately recalled), Working
Memory (i.e., the ability to hold, manipulate, and reproduce information in immediate
awareness), and Long-Term Storage and Retrieval (i.e., the ability to store and efficiently
retrieve newly or previously learned information) are suggested. In the F-CHC model, the
broad factors of Conscious Memory (Gcm) and Learning-Memory (Glm) are posited.
Gcm, a component of an individual’s cognitive efficiency, consists of the narrow abilities
of Memory Span and Working Memory. Glm, a component of an individual’s thinking
abilities, is comprised of the narrow abilities of Immediate Recall and Memory Retrieval.
Memory for Words, Sentence Repetition, Understanding Directions, ObjectNumber Sequencing, Numbers Reversed, Verbal Attention, Story Recall, and VisualAuditory Learning are hypothesized to be measures of the construct of memory. These
subtests were used to generate a correlation matrix (see Figure 9). Bartlett’s Test of
Sphericity (χ2 = 11,307.55, df = 36, p < .001) indicated that the correlation matrix was
not random in nature. The KMO Measure of Sampling Adequacy was .88, which exceeds
the minimum requirement for conducting a factor analysis. Therefore, the correlation
matrix was deemed to be suitable for factor analytic procedures.
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Figure 8
Correlation Matrix of the Hypothesized Memory Subtests
Correlation plot
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An examination of the correlation matrix revealed that Object-Number
Sequencing has the strongest correlation with the other memory subtests; whereas, Story
Recall and Visual-Auditory Learning have the weakest correlations with the other
memory subtests. Parallel analysis suggested a maximum of five factors. In contrast,
visual analysis of the scree plot suggested two to three factors (see Figure 10). Extracting
more than three factors, however, tended to result in convergence issues as well as
Heywood Cases.
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Figure 9
Visual Scree Plot of the Hypothesized Memory Subtests

A two-factor solution provides support for the distinction between Gcm and Glm
as hypothesized by the F-CHC model (see Tables 7 and 8). Gcm consists of Memory for
Words, Sentence Repetition, Understanding Directions, Object-Number Sequencing,
Numbers Reversed, and Verbal Attention. Glm consists of Story Recall and VisualAuditory Learning. A three-factor solution provides support for the broad ability of Glm
as well as the narrow abilities (e.g., Memory Span and Working Memory) of Gcm as
hypothesized by the F-CHC model (see Tables 9 and 10). It should be noted that the
three-factor solution resulted in the subtest of Understanding Directions loading onto
multiple factors.

98

Table 7
EFA Standardized Factor Loadings for the Memory Two-Factor Solution
Conscious Memory

Learning-Memory

Memory for Words

.64

.07

Sentence Repetition

.71

-.09

Understanding Directions

.41

.29

Object-Number Sequencing

.53

.24

Numbers Reversed

.43

.19

Verbal Attention

.88

-.14

Story Recall

.09

.55

Visual-Auditory Learning

-.12

.68

Table 8
EFA Factor Correlations for the Memory Two-Factor Solution
Conscious Memory

1.00

.72

Learning-Memory

.72

1.00

Conscious Memory

Learning-Memory

Table 9
EFA Standardized Factor Loadings for the Memory Three-Factor Solution
Learning-

Working Memory

Memory Span

Memory for Words

.51

.20

.04

Sentence Repetition

.00

.90

-.08

Understanding Directions

-.02

.37

.44
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Memory

Object-Number Sequencing

.64

-.03

.18

Numbers Reversed

.69

-.13

.06

Verbal Attention

.69

.21

-.11

Story Recall

.03

.01

.62

Visual-Auditory Learning

.04

-.08

.57

Table 10
EFA Factor Correlations for the Memory Three-Factor Solution
Working Memory

1.00

.67

.71

Memory Span

.67

1.00

.57

Learning-Memory

.71

.57

1.00

Working Memory

Memory Span

Learning-Memory

CFA suggests that the one-factor solution (CFI = .918, RMSEA = .100), twofactor solution (CFI = .929, RMSEA = .096), and three-factor solution (CFI = .932,
RMSEA = .097) are mathematically similar. As hypothesized by the F-CHC model, the
three-factor solution exhibited the best fit out of the tested models. An improved
goodness of fit was obtained by allowing the subtest of Understanding Directions to
cross-load onto multiple factors within the three-factor solution (CFI = .948, RMSEA =
.087). In the three-factor model of memory, Working Memory is comprised of ObjectNumber Sequencing, Numbers Reversed, Verbal Attention, and Understanding
Directions; Memory Span is comprised of Sentence Repetition and Memory for Words;
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and Learning-Memory is comprised of Story Recall, Visual-Auditory Learning, and
Understanding Directions (see Figure 11).
Figure 10
Three-Factor Model of Memory

Visual-Spatial Processing
In the F-CHC model, the broad factor of Visual-Spatial Processing (Gv) is
comprised of the narrow abilities of Pictorial Processing and Spatial Processing. On the
WJ IV, there are only two subtests that measure the construct of Gv; therefore, an
analysis of the hypothesized groupings of narrow abilities was unable to be performed for
this construct. In factor analysis, the maximum amount of factors that can be derived
from two items and/or variables is one factor.
The broad factor of Gv on the WJ IV, however, was examined. A correlation
matrix was generated using Visualization and Picture Recognition (see Figure 12).
Results from Bartlett’s Test of Sphericity (χ2 = 838.77, df = 1, p < .001) indicated that the
correlation matrix was not random in nature. The KMO Measure of Sampling Adequacy
was .50, which is acceptable for conducting a factor analysis. As expected, parallel
analysis suggested a maximum of one factor, as did the examination of the visual scree
plot (see Figure 13). Table 11 contains the standardized factor loadings for the
hypothesized Gv subtests from the EFA.
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Figure 11
Correlation Matrix of the Hypothesized Gv Subtests
Correlation plot
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Figure 12
Visual Scree Plot of the Hypothesized Gv Subtests
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Table 11
EFA Standardized Factor Loadings for the Gv One-Factor Solution
Visual-Spatial Processing
Picture Recognition

.66

Visualization

.65

In the CFA, the researcher specified an equality constraint on the factor loadings.
Because there were only two indicators of the construct of Gv, the two indicators’
loadings are set equal to each other in order for the model to be just-identified. The
results suggest perfect fit of a one-factor model of Gv (CFI = 1.000, RMSEA = .000; see
Figure 14). In other words, the present analysis provides support for the broad factor of
Gv.
Figure 13
One-Factor Model of Gv

Auditory Processing
The following subtests are hypothesized to be measures of the construct of
Auditory Processing (Ga): Nonword Repetition, Phonological Processing, Sound
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Blending, Sound Awareness, and Segmentation. A correlation matrix using these subtests
was generated and analyzed (see Figure 15). An examination of the correlation matrix
revealed that Nonword Repetition is weakly correlated with the other subtests.
Figure 14
Correlation Matrix of the Hypothesized Ga Subtests
Correlation plot
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Bartlett’s Test of Sphericity (χ2 = 6,168.94, df = 10, p < .001) and the KMO
Measure of Sampling Adequacy of .83 indicated that the correlation matrix was suitable
for factor analytic procedures. A visual analysis of the scree plot identified between two
and three factors (see Figure 16). Similarly, parallel analysis suggested a maximum of
three factors. Extracting more than one factor, however, tended to result in Heywood
Cases. The one-factor solution provides support for the narrow ability of Phonetics as
hypothesized by the F-CHC model (see Table 12).
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Figure 15
Visual Scree Plot of the Hypothesized Ga Subtests

Table 12
EFA Standardized Factor Loadings for the Ga-Ph One-Factor Solution
Phonetics
Nonword Repetition

.52

Phonological Processing

.79

Sound Blending

.61

Sound Awareness

.73

Segmentation

.71

In the F-CHC model, Ga is comprised of the narrow abilities of Phonetics and
Sound Discrimination. The WJ IV, however, does not contain any subtests that measure
the narrow ability of Sound Discrimination. Therefore, a one-factor model of Phonetics
was generated and assessed for model fit using CFA. The results of the CFA provided
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further support for the narrow ability of Phonetics as hypothesized by the F-CHC model
(CFI = .986, RMSEA = .066). See Figure 17 for a visual representation of Phonetics. Fit
indices were improved by removing the subtest of Nonword Repetition from the analysis
(CFI = .998, RMSEA = .036). An analysis of the WJ IV standardization sample as a
whole suggests that Nonword Repetition may be better conceptualized as a measure of
Conscious Memory (Gcm). This hypothesis will be addressed in a subsequent section of
the paper.
Figure 16
One-Factor Model of Ga-Ph

Cognitive Processing Speed
Letter-Pattern Matching, Number-Pattern Matching, Pair Cancellation, Rapid
Picture Naming, and Retrieval Fluency are hypothesized to be measures of the construct
of Cognitive Processing Speed (Gs). These subtests were used to generate a correlation
matrix (see Figure 18), which was then analyzed. Bartlett’s Test of Sphericity indicated
that the correlation matrix was not random in nature (χ2 = 6,048.36, df = 10, p < .001),
and the KMO Measure of Sampling Adequacy was .79, which exceeds the minimum
requirement for conducting a factor analysis. Given these statistics, the correlation matrix
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was deemed to be appropriate for factor analytic procedures. Parallel analysis suggested a
maximum of two factors, as did the examination of the visual scree plot (see Figure 19).
Figure 17
Correlation Matrix of the Hypothesized Gs Subtests
Correlation plot
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Figure 18
Visual Scree Plot of the Hypothesized Gs Subtests

In the EFA, the subtests loaded onto two, clear factors. As hypothesized by the FCHC model, the EFA supported a Perceptual Speed narrow factor, which consists of
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Letter-Pattern Matching, Number-Pattern Matching, and Pair Cancellation; and a
Thinking Speed narrow factor, which consists of Rapid Picture Naming and Retrieval
Fluency. See Tables 13 and 14 for the standardized factor loadings of the Gs subtests and
the correlations between the Gs narrow factors.
Table 13
EFA Standardized Factor Loadings for the Gs Two-Factor Solution
Perceptual Speed

Thinking Speed

Letter-Pattern Matching

.84

-.07

Number-Pattern Matching

.75

.03

Pair Cancellation

.67

.10

Rapid Picture Naming

.00

.67

Retrieval Fluency

.02

.66

Table 14
EFA Factor Correlations for the Gs Two-Factor Solution
Perceptual Speed

1.00

.64

Thinking Speed

.64

1.00

Perceptual Speed

Thinking Speed

Various models of Gs were assessed for model fit. A two-factor structure of Gs,
as hypothesized by the F-CHC model, proved to be the best fitting model (RMSEA =
.053, CFI = .992) in comparison to a single-factor structure (RMSEA = .144, CFI = .930).
In the two-factor structure of Gs, Rapid Picture Naming and Retrieval Fluency form a
narrow factor labeled by the F-CHC model as Thinking Speed; whereas, Pair
Cancellation, Letter-Pattern Matching, and Number-Pattern Matching form a narrow
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factor labeled by the F-CHC model as Perceptual Speed. See Figure 20 for a visual
representation of Gs.
Figure 19
Two-Factor Model of Gs

All Constructs of Intelligence
A correlation matrix using 32 subtests from the WJ IV COG, WJ IV ACH, and
WJ IV OL was generated and analyzed in order to evaluate the hypothesized groupings of
broad abilities (see Figure 21). Bartlett’s Test of Sphericity (χ2 = 83,419.91, df = 496, p <
.001) indicated that the correlation matrix was not random in nature, and the KMO
Measure of Sampling Adequacy (.88) exceeded the minimum standard for conducting a
factor analysis. Taken together, these results suggested that the correlation matrix was
appropriate for factor analytic procedures. Parallel analysis of the correlation matrix
suggested a maximum of 10 factors. The visual scree plot also aids in visually identifying
the amount of factors present in a dataset. Examination of the visual scree plot appeared
to identify between eight and 10 factors (see Figure 22). Extracting more than nine
factors tended not to converge and/or resulted in Heywood Cases. Other extracted
solutions were problematic in that factors were not interpretable, items did not have
primary loadings, and/or items cross-loaded onto multiple factors.
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Figure 20
Correlation Matrix of the WJ IV COG, WJCorrelation
IV ACH,plot
and WJ IV OL
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Figure 21
Visual Scree Plot of the WJ IV COG, WJ IV ACH, and WJ IV OL

Of these solutions, a nine-factor solution was deemed the most interpretable (see
Tables 15 and 16). As hypothesized by the F-CHC model, this solution provides support
for a Comprehension-Knowledge (Gc) factor, Working Memory (Gcm-WM) factor,
Memory Span (Gcm-MS) factor, Perceptual Speed (Gs-PS) factor, Thinking Speed (GsTS) factor, Reasoning (Gr) factor, Auditory Processing (Ga) factor, and Visual-Spatial
Processing (Gv) factor. The eighth factor appeared to be a combination of Visual-Spatial
Processing (Gv), Learning-Memory (Glm), and Reasoning (Gr). The ninth factor was
only loaded by one item (i.e., Reading Vocabulary); therefore, it was not interpretable. Of
note, many subtests were noted to cross-load onto multiple factors. Moreover, this
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solution grouped the subtest of Visual-Auditory Learning, which is hypothesized to be a
measure of Glm, with Ga. The subtest of Story Recall, which is also hypothesized to be a
measure of Glm, was grouped with Gv.
Table 15
EFA Standardized Factor Loadings for the Nine-Factor Solution
Gcm-

Gs-

Gv/Glm/

Gcm-

Gs-

MS

PS

Gr

WM

TS

-.03

.09

.01

.05

-.13

.05

.03

.26

-.06

.49

-.01

.22

-.02

-.05

-.17

.55

-.01

-.03

.09

-.11

.35

-.08

.21

.28

Oral Vocabulary

.80

.01

.08

.08

.12

-.04

.00

-.10

.08

Humanities

.72

-.02

.11

-.03

-.09

-.12

.14

.12

-.02

Social Studies

.74

.25

-.13

-.06

-.03

-.09

.00

.16

-.07

Science

.48

.44

-.15

.06

-.17

-.02

.03

.15

-.01

General Information

.97

-.23

.04

-.04

.09

.02

.06

-.19

.05

Reading Vocabulary

.62

.20

.21

.00

.08

-.01

-.12

-.02

.34

Picture Recognition

-.05

-.26

.07

.03

.04

.73

-.02

.17

.06

Visualization

.01

.08

.29

.02

.02

.45

-.01

-.11

-.09

Nonword Repetition

-.02

-.08

.12

.65

-.03

.06

.17

-.16

-.05

Phonological Processing

.08

.12

.61

.08

.06

-.24

.07

.21

.14

Sound Blending

.13

-.17

.67

-.06

-.06

.02

.08

.06

-.09

Sound Awareness

.02

.23

.40

.21

.07

.09

-.06

-.07

.17

Segmentation

-.15

.09

.65

.05

-.01

.11

.01

.05

.11

Story Recall

.14

.23

-.11

.01

-.09

.46

.14

-.01

.05

.03

-.02

.48

-.03

-.01

.30

-.05

-.07

-.12

Number Series

-.03

.99

-.08

-.04

.14

-.02

-.01

-.16

.03

Number Matrices

.05

.68

.17

.04

.03

-.25

.00

.03

-.14

Concept Formation

.02

.32

.26

.11

.00

.12

-.05

-.05

-.32

Gc

Gr

Ga

.90

-.12

-.02

Oral Comprehension

Picture Vocabulary
Understanding
Directions

Visual-Auditory
Learning
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N/A

Analysis-Synthesis

-.01

.31

.13

-.30

-.01

.29

.22

.16

-.24

-.01

-.07

-.02

.24

.17

.09

.48

.09

-.11

Rapid Picture Naming

.04

-.16

-.08

.25

.23

.15

-.05

.39

-.08

Letter-Pattern Matching

.08

-.03

.01

-.06

.81

.03

.12

-.07

.04

Number-Pattern Matching

-.13

.23

-.09

-.11

.65

.15

.07

.13

.23

Gr

Ga

Gcm-

Gs-

Gv/Glm/

Gcm-

Gs-

Gc

MS

PS

Gr

WM

TS

Pair Cancellation

.02

.08

.00

.03

.67

-.14

-.09

.21

-.11

Retrieval Fluency

.08

-.07

.11

-.18

.09

.10

.14

.65

.07

Memory for Words

-.13

-.16

.25

.28

-.15

.02

.55

.21

-.01

Sentence Repetition

.15

-.02

-.02

.71

-.06

-.07

.09

.01

.07

Numbers Reversed

.10

.13

.03

.02

.17

.02

.42

-.06

.01

Verbal Attention

.02

.12

-.13

.46

.03

-.12

.54

-.03

.07

Object-Number
Sequencing

N/A

Table 16
EFA Factor Correlations for the Nine-Factor Solution
Gcm-

Gv/Glm/

Gcm-

Gr

WM

.33

.47

.52

.44

1.00

.50

.52

.50

.33

.44

Gv/Glm/Gr

.47

Gcm-WM

Gs-TS

N/A

.47

.51

-.12

.51

.56

.45

-.02

.39

.50

.53

.29

-.12

1.00

.35

.46

.38

.51

.00

.39

.35

1.00

.40

.40

.36

-.16

.51

.50

.46

.40

1.00

.46

.28

-.23

.47

.56

.53

.38

.40

.46

1.00

.34

-.13

Gs-TS

.51

.45

.29

.51

.36

.28

.34

1.00

-.12

N/A

-.12

.02

-.12

.00

-.16

-.23

-.13

-.12

1.00

Gc

Gr

Ga

Gc

1.00

.65

.54

.54

Gr

.65

1.00

.59

Ga

.54

.59

Gcm-MS

.54

Gs-PS

MS

Gs-PS
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Various models of intelligence were generated and assessed for model fit using
exploratory CFA. As expected, the one-factor model of intelligence (g) exhibited subpar
fit indices (CFI = .605, RMSEA = .132). Fit indices appeared to improve with the
addition of a factor. That is, the two-factor model of intelligence (g + Gc; CFI = .680,
RMSEA = .119) exhibited better fit than the one-factor model of intelligence, and the
three-factor model of intelligence (g + Gc + Gr; CFI = .689, RMSEA = .117) exhibited
better fit than the two-factor model of intelligence. This pattern of improvement
continued in the four-factor model of intelligence (g + Gc + Gr + Gv; CFI = .692,
RMSEA = .117), five-factor model of intelligence (g + Gc + Gr + Gv + Ga; CFI = .707,
RMSEA = .115), six-factor model of intelligence (g + Gc + Gr + Gv + Ga + Gcm; CFI =
.706, RMSEA = .114), seven-factor model of intelligence (g + Gc + Gr + Gv + Ga + Gcm
+ Glm; CFI = .706, RMSEA = .114), and eight-factor model of intelligence (g + Gc + Gr
+ Gv + Ga + Gcm + Glm + Gs; CFI = .728, RMSEA = .110).
The hypothesized groupings of narrow abilities were also evaluated. A nine-factor
model of intelligence, which separates Gr into its narrow abilities (i.e.,
Inductive/Deductive Reasoning and Contextual Reasoning), resulted in slightly improved
goodness of fit (g + Gc + Gr-ID + Gr-CR + Gv + Ga + Gcm + Glm + Gs; CFI = .733,
RMSEA = .109). Similarly, the separation of Gs (Perceptual Speed and Thinking Speed),
Gcm (Memory Span and Working Memory), and Gc (Verbal Ability and Factual
Knowledge) into their respective components, as hypothesized by the F-CHC model,
resulted in gradual improvement of the approximate fit indices (g + Gc + Gr-ID + Gr-CR
+ Gv + Ga + Gcm + Glm + Gs-PS + Gs-TS, CFI = .742, RMSEA = .108; g + Gc + Gr-ID
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+ Gr-CR + Gv + Ga + Gcm-MS + Gcm-WM + Glm + Gs-PS + Gs-TS, CFI = .745,
RMSEA = .108; and g + Gc-VA + Gc-K + Gr-ID + Gr-CR + Gv + Ga + Gcm-MS +
Gcm-WM + Glm + Gs-PS + Gs-TS, CFI = .747, RMSEA = .107). Moreover, a 13-factor
model of intelligence provides support for separating Gc into the narrow abilities of
Object Vocabulary, Knowledge, and Language Comprehension (g +
GcObjectVocabulary + GcKnowledge + GcLanguageComprehension + Gr-ID + Gr-CR
+ Gv + Ga + Gcm-MS + Gcm-WM + Glm + Gs-PS + Gs-TS; CFI = .751, RMSEA =
.106).
A 10-factor model of intelligence that was based on the results of the EFA (g +
Gc + Gr-CR + Gr-ID + GvGlmGr + Ga + Gcm-MS + Gcm-WM + Gs-PS + Gs-TS; CFI
= .753, RMSEA = .106), however, did not differ mathematically from the 13-factor
model of intelligence described above. Per the principle of parsimony, the 10-factor
model of intelligence is preferred. In the 10-factor model of intelligence, the researcher
allowed subtests to cross-load onto multiple factors as demonstrated in the EFA.
Moreover, the 10-factor model of intelligence (g + Gc + Gr-CR + Gr-ID + GvGlmGr +
Ga + Gcm-MS + Gcm-WM + Gs-PS + Gs-TS; CFI = .753, RMSEA = .106) exhibited
better fit than a 12-factor model of intelligence that was based on the CHC theory of
intelligence (g + GcVL + GcK0 + Gc + GfRQ + Gf + Gv + Ga + GwmMS + GwmWM +
Glr + Gs; CFI = .738, RMSEA = .109).
Overall, the 10-factor model of intelligence was selected as being most
representative of the standardization sample of the WJ IV for school-aged individuals
(ages 6–19 years). Taken together, these results provide support for the validity of the
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hypothesized groupings of some of the broad and narrow abilities posited by the F-CHC
model. These results also suggest that the F-CHC model of cognitive abilities
demonstrates stronger fit than the CHC theory of intelligence. See Table 17 for a
summary of the CFA results.
Table 17
Results of CFA
Model
13-Factor (g + GcObjectVocabulary +
GcKnowledge + GcLanguageComprehension + Gr-ID + Gr-CR + Gv + Ga + GcmMS + Gcm-WM + Glm + Gs-PS + Gs-TS)
12-Factor (g + Gc-VA + Gc-K + Gr-ID +
Gr-CR + Gv + Ga + Gcm-MS + Gcm-WM
+ Glm + Gs-PS + Gs-TS)
11-Factor (g + Gc + Gr-ID + Gr-CR + Gv +
Ga + Gcm-MS + Gcm-WM + Glm + Gs-PS
+ Gs-TS)
EFA-Based (g + Gc + Gr-CR + Gr-ID +
GvGlmGr + Ga + Gcm-MS + Gcm-WM +
Gs-PS + Gs-TS)
CHC-Based (g + GcVL + GcK0 + Gc +
GfRQ + Gf + Gv + Ga + GwmMS +
GwmWM + Glr + Gs)
10-Factor (g + Gc + Gr-ID + Gr-CR + Gv +
Ga + Gcm + Glm + Gs-PS + Gs-TS)
Nine-Factor (g + Gc + Gr-ID + Gr-CR + Gv
+ Ga + Gcm + Glm + Gs)
Eight-Factor (g + Gc + Gr + Gv + Ga +
Gcm + Glm + Gs)
Seven-Factor (g + Gc + Gr + Gv + Ga +
Gcm + Glm)
Six-Factor (g + Gc + Gr + Gv + Ga + Gcm)

df
447

Five-Factor (g + Gc + Gr + Gv + Ga)

460

Four-Factor (g + Gc + Gr + Gv)

461
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2

2 diff

CFI
.75

RMSEA
.11

21681
*

449

22066
*

385.10

.75

.11

450

22256
*

190.60

.75

.11

450

21495
*

-761.00

.75

.11

452

22837
*

1342.00

.74

.11

453

22474
*
23219
*
23673
*
25531
*
25568
*
26007
*
26773
*

-363.30

.74

.11

745.10

.73

.11

454.20

.73

.11

1857.90

.71

.11

37.20

.71

.11

438.70

.70

.12

765.90

.69

.12

455
457
458
459

Three-Factor (g + Gc + Gr)

462

Two-Factor (g + Gc)

463

One-Factor (g)

464

27052
*
27754
*
34168
*`

279.40

.69

.12

702.30

.68

.12

6413.60

.61

.13

*p < .001
Conclusion
This chapter discussed the results of the statistical analysis. A preliminary
analysis of the 47 subtests from the WJ IV COG, WJ IV ACH, and WJ IV OL revealed
that only 0.01% of the dataset was missing. The primary analysis involved multiple
exploratory and confirmatory factor analyses on 32 subtests from the WJ IV COG, WJ IV
ACH, and WJ IV OL. First, the hypothesized groupings of narrow abilities were
investigated, after which the hypothesized groupings of broad abilities were investigated.
In EFA, factors were extracted using principal axis factoring with an oblique, promax
rotation. In CFA, CFI and RMSEA were utilized to assess different aspects of
approximate fit. Overall, the results of the present analysis suggest that the composition
of many of the factors on the WJ IV may be different than what is presented in the
technical manual. Further, the results of the present analysis provide support for the
proposed factor structure of the F-CHC model.
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CHAPTER V
DISCUSSION
The WJ IV, which is the most recent iteration of the WJ Assessment Batteries, is
comprised of the WJ IV COG, WJ IV ACH, and WJ IV OL. When the WJ IV COG, WJ
IV ACH, and WJ IV OL are administered together, the authors of the WJ IV claim it
measures general intelligence (g) in addition to 10 broad cognitive abilities from the CHC
theory of intelligence. In particular, the WJ IV reportedly assesses Domain-Specific
Knowledge (Gkn), Quantitative Knowledge (Gq), Reading and Writing (Grw),
Comprehension-Knowledge (Gc), Fluid Reasoning (Gf), Short-Term Working Memory
(Gwm), Long-Term Storage and Retrieval (Glr), Visual Processing (Gv), Auditory
Processing (Ga), and Processing Speed (Gs).
The purpose of the present study was to examine the factor structure of the WJ IV
using differing models of cognitive ability (i.e., CHC and F-CHC). Specifically, EFA and
CFA within a SEM paradigm were utilized to determine whether the CHC theory of
intelligence or the F-CHC model of cognitive abilities most appropriately represented the
standardization sample of the WJ IV for school-aged individuals (ages 6–19 years). The
results from the present study provide support for the factor structure of the F-CHC
model. This chapter includes a review of the findings from the statistical analyses, as well
as a discussion of the limitations present in the study, implications for clinical use, and
directions for future research.
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Review of Statistical Analyses
All statistical analyses for the present study were conducted in RStudio. The
preliminary data analysis was conducted to describe the standardization sample of the WJ
IV, as well as prepare for factor analytic procedures. The preliminary data analysis
included an examination of the degree of similarity between observed variables (i.e.,
bivariate correlations) and an examination of missing values in the dataset. Bivariate
correlations were useful in explaining the pattern of findings. An examination of missing
values was especially important as missing data can produce biased estimates in factor
analysis. Overall, the subsample for the present study was deemed adequate and did not
require any treatment for missing values.
Results from the primary data analysis were obtained through EFA and CFA.
Specifically, multiple EFA’s and CFA’s were conducted in order to examine the
hypothesized groupings of broad and narrow abilities on the WJ IV. These statistical
procedures were also conducted to determine the model fit of various theoretical models.
The CHC theory of intelligence and the F-CHC model of cognitive abilities, in particular,
were examined in order to determine the most appropriate way of conceptualizing
cognitive abilities, oral language, and academic knowledge in the standardization sample
of the WJ IV.
The CHC theory of intelligence was included as it is regarded as the
quintessential psychometric theory of intelligence. Additionally, the WJ IV was
developed based on the CHC theory of intelligence. The F-CHC model of cognitive
abilities, which is a reconceptualization of the CHC theory of intelligence, was included
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because it is an emerging theory based on neurocognitive research and requires further
validation research in order to support its hypothesized factor structure of cognitive
abilities. The results of the primary data analyses were consistent with the researcher’s
hypotheses that the standardization sample data for the WJ IV would not provide support
for the proposed factor structure that is identified by the test authors of the WJ IV;
however, the standardization sample data for the WJ IV would support the F-CHC model.
Moreover, the F-CHC model would be the best fitting model in comparison to other
theoretical models. These results are expected given previous research studies
(Dombrowski et al., 2016, 2017; Spurgin, 2018) that have yielded factor structures that
are inconsistent with what is proposed by the authors of the WJ IV. A thorough
discussion of these findings ensues.
Discussion of Findings
The authors of the WJ IV asserted that the full assessment battery measures a
higher-order general intelligence factor (g) in addition to 10 broad cognitive factors from
the CHC theory of intelligence (Gf, Gc, Gwm, Glr, Gv, Gs, Ga, Grw, Gq, and Gkn). See
Table 18 for a description of the broad cognitive factors on the WJ IV, as well as the
subtests that comprise those factors.
Table 18
Description of the Cognitive Constructs on the WJ IV
Construct
Fluid Reasoning (Gf)

Description
The ability to reason,
form concepts, and solve
problems using
unfamiliar information or
novel procedures.
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Subtests on the WJ IV
- Number Series
- Concept Formation
- Analysis-Synthesis

Comprehension Knowledge
(Gc)

Domain-Specific Knowledge
(Gkn)

Short-Term Working
Memory (Gwm)

Long-Term Storage and
Retrieval (Glr)

Visual Processing (Gv)

Processing Speed (Gs)

Auditory Processing (Ga)

The breadth and depth of
an individual’s acquired
knowledge, the ability to
communicate that
knowledge verbally, and
the ability to reason using
previously learned
experiences or
procedures.
The breadth and depth of
an individual’s
declarative and
procedural knowledge.
The ability to hold,
manipulate, and
reproduce information in
immediate awareness.

The ability to store and
efficiently retrieve
previously learned
information.

The ability to utilize
visual patterns and/or
mental imagery in order
to think and/or solve
problems.
The ability to fluently
and automatically
perform cognitive tasks.

The ability to notice,
compare, and
discriminate between
disparate sounds.
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-

Oral Vocabulary
Picture Vocabulary
Oral Comprehension
General Information

-

Humanities
Social Studies
Science

-

Verbal Attention
Understanding
Directions
Numbers Reversed
Memory for Words
Object-Number
Sequencing
Sentence Repetition
Story Recall
Visual-Auditory
Learning
Rapid Picture
Naming
Retrieval Fluency
Visualization
Picture Recognition

-

-

Letter-Pattern
Matching
Number-Pattern
Matching
Pair Cancellation
Nonword Repetition
Phonological
Processing
Sound Blending
Sound Awareness
Segmentation

Reading and Writing (Grw)

The breadth and depth of
an individual’s
declarative and
procedural knowledge as
it pertains to written
language.

-

Quantitative Reasoning (Gq)

The breadth and depth of
an individual’s
declarative and
procedural knowledge as
it pertains to
mathematics.

-

Letter-Word
Identification
Passage
Comprehension
Word Attack
Oral Reading
Sentence Reading
Fluency
Reading Recall
Word Reading
Fluency
Reading Vocabulary
Spelling
Writing Samples
Sentence Writing
Fluency
Editing
Spelling of Sounds
Applied Problems
Calculation
Math Facts Fluency
Number Matrices

However, many inadequacies in the statistical analyses used to validate the factor
structure of the WJ IV have been elucidated by subsequent research studies (Dombrowski
et al., 2016, 2017; Spurgin, 2018). The authors of the WJ IV utilized a three-step process
in order to investigate the structural validity of the WJ IV. This three-step process
involved cluster analysis, exploratory principal components analysis (exploratory PCA),
and multidimensional scaling analysis (MDS; McGrew et al., 2014). Of note, the
investigation of structural validity in the Technical Manual for the WJ IV (McGrew et al.,
2014) was only conducted on the subsample of 9 to 13-year-old participants.
The results of the cluster analysis in the technical manual suggests the presence of
nine broad cognitive factors from the CHC theory of intelligence: Gwm, Ga, Gv, Gf, Glr,
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Gq, Gc, Grw, and Gs. Additionally, the results of the cluster analysis revealed insight into
the possible subgroupings of narrow abilities on the WJ IV. For example, the narrow
abilities of Working Memory (Gwm:WM) and Memory Span (Gwm:MS) emerged in the
cluster analysis. In order to examine the relationships between the variables, exploratory
PCA followed by varimax rotation of the components and MDS were conducted.
Although the authors of the WJ IV provided explanations for using varimax rotation, it
should be noted that principal axis factor analysis followed by oblique rotation is
typically used when analyzing correlated variables and constructs as observed in the WJ
IV. Exploratory PCA indicated eight, nine, and 10 component solutions. In these
solutions, five broad cognitive factors from the CHC theory of intelligence emerged
consistently: Gc, Gs, Grw, Gq+Gf, and Gwm. The broad cognitive factor of Ga also
emerged in the nine and 10 component solutions.
The results of the MDS analysis suggests the presence of seven broad cognitive
factors from the CHC theory of intelligence: Ga, Gc, Grw, Gq/Gf-RQ, Gwm, Gf, and Gv.
Similar to the results of the cluster analysis, the results of the MDS analysis also
suggested the presence of subgroupings of narrow abilities on the WJ IV. Integration of
the cluster analysis, exploratory PCA, and MDS results were utilized to identify three
distinct models for confirmatory factor analysis. The first model was a single-factor
model, in which all variables loaded on g. The second model consisted of a higher-order
g and nine broad cognitive factors from the CHC theory of intelligence: Gf, Gc, Gwm,
Glr, Gv, Gs, Ga, Grw, and Gq. The third model consisted of a higher-order g, as well as
13 cognitive factors: Gf, Gf-Vbl, Gf-RQ, Gc, Gwm, Glr, MA, LA, Gv, Gs, Ga, Grw, and
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Gq. Per the principle of parsimony, which gives preference to simpler models, the ninefactor model was determined to most appropriately represent the factor structure of the
WJ IV COG, WJ IV ACH, and WJ IV OL. In contemporary CHC theory, however, the
Academic Knowledge cluster from the WJ IV ACH is thought to measure a tenth factor
of Domain-Specific Knowledge (Gkn; McGrew et al., 2014).
Beyond what is presented in the technical manual, there is limited research that
evaluates the factor structure of the WJ IV. Namely, there have been two independent
studies that examine individual tests within the WJ IV and one independent study that
examines the full battery of the WJ IV. Dombrowski et al. (2016) investigated the factor
structure of the WJ IV COG for the 9 to 13-year-old and 14 to 19-year-old age groups.
Specifically, Dombrowski et al. performed exploratory and hierarchical factor analyses
on the correlation matrices provided in the technical manual. In contrast with what is
proposed by the authors of the WJ IV, the results of their analyses only provided support
for four broad cognitive factors from the CHC theory of intelligence: Gc, Gwm, Gs, and a
combined Gf/Glr/Ga. In 2018, Spurgin investigated the factor structure of the WJ IV
COG and WJ IV OL for the 14 to 19-year-old age group. Spurgin performed iterated
principal axis factoring with promax rotation on the correlation matrix provided in the
technical manual. The results of her analyses provided support for five broad cognitive
factors from the CHC theory of intelligence: Gc, Ga, Gs, Gwm, and a combined
Gf/Gv/Glr.
Dombrowski et al. (2017) investigated the factor structure of the full battery of the
WJ IV for the 9 to 13-year-old and 14 to 19-year-old age groups. Dombrowski et al.
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(2017) performed hierarchical EFA on the correlation matrices provided in the technical
manual. The results of their analysis provide support for a higher-order g and seven broad
cognitive factors from the CHC theory of intelligence in both age groups: Gc, Ga, Gwm,
Gv, Grw, Gs, and combined Gf/Gq. Additionally, the results of their analysis resulted in
several instances of cross and/or multi-loading and suggested that the composition of
many of the cognitive factors differ from what is proposed in the technical manual
(McGrew et al., 2014).
The present study performed multiple EFA’s and CFA’s on the standardization
sample of the WJ IV for school-aged individuals (ages 6–19 years). The hypothesized
groupings of narrow abilities, as well as the hypothesized groupings of broad abilities
were examined. The results of the analyses revealed multiple cross-loadings (i.e., a
difference in standardized factor loadings of less than .10) of various subtests. Concept
Formation was found to load on the Gr factor and the Ga factor; Analysis-Synthesis was
found to load on the Gr factor and the combined Gv/Glm/Gr factor; and Science was
found to load on the Gc factor and the Gr factor. An increase in cognitive complexity of
the WJ IV may explain the presence of multiple cross-loadings of various subtests.
The results of the analyses also revealed that the alignment of many of the
subtests differed from what is posited in theory, which supports the study hypothesis that
the factor structure identified by the test authors of the WJ IV would not be supported.
Most notably, the results of the exploratory factor analyses failed to clearly identify the
broad cognitive factor of Learning-Memory (Glm). Subtests that were hypothesized as
measuring Glm spread throughout numerous factors in the EFA. In particular, the subtest
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of Visual-Auditory Learning had a higher loading on the Ga factor than on its respective
Glm factor. Likewise, the subtest of Story Recall had a higher loading on the Gv factor
than on its respective Glm factor. Lastly, the subtest of Nonword Repetition saliently
loaded on the Gcm factor but failed to align with its respective Ga factor. This alignment
suggests that on the task of Nonword Repetition, the demand of having to hold auditory
stimuli within short-term memory is higher than the demand of having to phonetically
produce the words.
The broad cognitive factor of Auditory Processing (Ga) preserved many of the
same subtests as posited in the Technical Manual of the WJ IV (McGrew et al., 2014):
Phonological Processing, Segmentation, Sound Blending, and Sound Awareness.
Additionally, Concept Formation and Visual-Auditory Learning loaded on Ga. This
alignment suggests that these subtests require the cognitive ability of Ga and are much
more complex than originally hypothesized. In CFA, a one-factor solution provides
support for the narrow ability of Phonetics as hypothesized by the F-CHC model.
The broad cognitive factor of Conscious Memory (Gcm) also maintained many of
the same subtests as posited in the technical manual (McGrew et al., 2014):
Understanding Directions, Numbers Reversed, Verbal Attention, Memory for Words,
Object-Number Sequencing, and Sentence Repetition. As previously mentioned,
Nonword Repetition also loaded on Gcm, suggesting that this subtest is better
conceptualized as a measure of Gcm. CFA provides support for a two-factor structure of
Gcm as hypothesized by the F-CHC model. The two-factor structure of Gcm is comprised
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of a Working Memory (Gcm-WM) narrow factor and a Memory Span (Gcm-MS) narrow
factor.
Other examples of subtest migration are the subtests of Rapid Picture Naming and
Retrieval Fluency, which had loadings on the Cognitive Processing Speed (Gs) factor. In
the technical manual, Rapid Picture Naming and Retrieval Fluency are hypothesized to
measure Glr from the CHC theory of intelligence. These two subtests, along with the
subtests originally hypothesized to measure Gs (i.e., Letter-Pattern Matching, NumberPattern Matching, and Pair Cancellation), produce the broad cognitive factor of Gs. The
results of the confirmatory factor analysis provide support for a two-factor structure of Gs
as hypothesized by the F-CHC model. The two-factor structure of Gs is comprised of the
narrow abilities of Perceptual Speed and Thinking Speed.
All of the subtests theorized to measure Reasoning (Gr) by McGrew et al. (2014)
were preserved in the present analyses: Number Matrices, Number Series, Concept
Formation, and Analysis-Synthesis. However, Concept Formation and AnalysisSynthesis also had secondary loadings on other broad cognitive factors. It should be
noted that the hypothesized Comprehension-Knowledge (Gc) subtest of Science had a
secondary loading on Gr. CFA provides support for a two-factor structure of Gr
consisting of an Inductive/Deductive Reasoning narrow factor and a Contextual
Reasoning narrow factor, as hypothesized by the F-CHC model of cognitive abilities.
The broad cognitive factor of Comprehension-Knowledge (Gc) also preserved all
of the subtests posited by the authors of the WJ IV: Picture Vocabulary, Oral
Comprehension, Oral Vocabulary, Academic Knowledge, and General Information. In
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addition, the hypothesized Reading and Writing (Grw) subtest of Reading Vocabulary
loaded primarily on Gc. This finding is consistent with the results of Dombrowski et al.’s
(2017) hierarchical EFA of the WJ IV. The subtest of Reading Vocabulary appears to
only measure an individual’s decoding skills if he/she cannot decode words efficiently.
For individuals who are able to decode words efficiently, Reading Vocabulary appears to
measure comprehension of words. The results of the confirmatory factor analysis suggest
that there does not appear to be a clear separation of the hypothesized Gc subtests.
A mixed factor structure emerged when all 32 of the subtests were analyzed as a
whole. This factor appeared to be a combination of Gv, Glm, and Gr. The subtests that
comprised the combined Gv/Glm/Gr factor were Picture Recognition (Gv), Visualization
(Gv), Story Recall (Glm), and Analysis-Synthesis (Gr). Visualization requires an
examinee to identify and match two and three-dimensional patterns. Picture Recognition
necessitates an examinee to differentiate between previously presented target pictures and
distracting non-target pictures. Story Recall involves the recollection of details of orally
presented stories, and Analysis-Synthesis requires an examinee to utilize symbolic
formulations in order to determine the missing components of a puzzle. In general,
higher-level cognitive reasoning abilities (e.g., symbolic representation, propositional
representation, recoding, and problem-solving) are accessed by these subtests. All of
these subtests require examinees to process and/or problem solve using visual patterns
and/or mental imagery in some capacity. This finding is consistent with the results of
Spurgin’s (2018) exploratory factor analysis of the WJ IV COG and WJ IV ACH.
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Lastly, confirmatory factor analysis was conducted on models consisting of
various factors (i.e., one to 13 factors). Several of the fit indices for models consisting of
one to seven factors were inadequate. It should be noted, however, that the fit indices for
models appeared to improve with each addition of a factor. That is, a two-factor model of
intelligence exhibited better fit than a one-factor model of intelligence and so forth. In
comparison to the fit indices for the model representing the CHC theory of intelligence,
the fit indices for the models representing the F-CHC model of cognitive abilities were
more appropriate. That is, the separation of Gr (Inductive/Deductive Reasoning and
Contextual Reasoning), Gs (Perceptual Speed and Thinking Speed), Gcm (Memory Span
and Working Memory), and Gc (Verbal Ability and Factual Knowledge) into their
respective components, as hypothesized by the F-CHC model, resulted in gradual
improvement of the approximate fit indices. These results provide support for the validity
of the hypothesized groupings of some of the cognitive abilities posited by the F-CHC
model. These results also support the study hypothesis that the F-CHC Model
demonstrates stronger fit than the CHC theory of intelligence. Per the principle of
parsimony, a 10-factor model of intelligence (i.e., g + Gc + Gr-CR + Gr-ID + GvGlmGr
+ Ga + Gcm-MS + Gcm-WM + Gs-PS + Gs-TS) demonstrated the best fit of the
standardization sample for the WJ IV in school-aged individuals. See Table 19 for
organization of the subtests that load on each of the factors in the 10-factor model of
intelligence. The results of the present study, as well as the results of other independent
analyses of the WJ IV (Dombrowski et al., 2016, 2017; Spurgin, 2018), suggest that the
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factor structure of the WJ IV differs in actuality from what is presented by the test
authors of the WJ IV.
Table 19
10-Factor Model of Intelligence
Broad Ability

Narrow Ability
Contextual
Reasoning

Reasoning (Gr)
Inductive/Deductive
Reasoning

Comprehension
Knowledge (Gc)

N/A

Memory Span
g
Conscious Memory
(Gcm)
Working Memory

Visual-Spatial
Processing/LearningMemory/Reasoning
(Gv/Glm/Gr)

Cognitive Processing
Speed (Gs)

N/A

Perceptual Speed
Thinking Speed

Auditory Processing
(Ga)

Phonetics
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Subtests on the WJ IV
- Number Matrices
- Number Series
-

Analysis-Synthesis
Concept Formation

-

Oral Vocabulary
Picture Vocabulary
General Information
Humanities
Social Studies
Science
Oral Comprehension
Reading Vocabulary
Sentence Repetition
Nonword Repetition
Understanding Directions
Verbal Attention
Numbers Reversed
Object-Number Sequencing
Memory for Words
Verbal Attention

-

Story Recall
Analysis-Synthesis
Visualization
Picture Recognition

-

Letter-Pattern Matching
Number-Pattern Matching
Pair Cancellation
Rapid Picture Naming
Retrieval Fluency
Phonological Processing
Sound Blending

-

Sound Awareness
Segmentation
Visual-Auditory Learning
Concept Formation

Moreover, all of the independent analyses revealed several instances of multiloadings and/or cross-loadings of various subtests. Of note, the independent analyses all
utilized different methodologies; therefore, the results from the independent analyses
expectedly produced varied findings. The present study only identified six broad
cognitive factors (Gr, Gc, Gcm, Ga, Gs, and a combined Gv/Glm/Gr) in EFA. The results
of the EFA also revealed the narrow abilities of Gcm and Gs. In CFA, support was
provided for the hypothesized groupings of some of the broad and narrow abilities
posited by the F-CHC Model.
Research Implications for Clinical Practice
In the field of school psychology, the WJ IV is widely used to assess individuals’
intellectual, linguistic, and academic functioning. It is imperative that healthcare
professionals in the schools, who serve as the gatekeepers to special education, are fully
cognizant of the complexities present in the instruments they utilize. Put simply, the
findings of the present study imply that the interpretation of the WJ IV should be
performed cautiously. Although the results from the present study do not align perfectly
with the proposed factor structure in the Technical Manual for the WJ IV (McGrew et al.,
2014), there is evidence of some convergence of factor structures. This finding of
convergence is expected, seeing as the WJ IV was developed based on the CHC theory of
intelligence, and the F-CHC model of cognitive abilities closely resembles the CHC
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theory of intelligence. Nonetheless, the information presented by the test authors of the
WJ IV deviates, whether minimally or majorly, from the results of the present study as
well as the results of other independent analyses of the WJ IV.
Namely, all of the independent analyses of the WJ IV failed to clearly identify the
construct of long-term memory. Instead, subtests that were originally hypothesized as
measuring the construct of long-term memory tended to spread throughout numerous
factors in the EFA. Moreover, instances of multi-loadings and/or cross-loadings of
various subtests were rampant. As mentioned previously, one of the objectives in
designing the WJ IV was to increase the cognitive complexity of the test, which may be
contributory to the entangling of the broad cognitive factors on the WJ IV. Accordingly,
healthcare professionals in the schools are advised to not solely rely on an individual’s
subtest performance when interpreting the WJ IV. Rather, healthcare professionals in the
schools are encouraged to utilize a variety of interpretative lenses, including general
intellectual ability, index-level performance, and subtest-level performance. When
examining subtest-level and/or index-level performance, however, healthcare
professionals in the schools are advised to do so cautiously, given the numerous findings
of subtest migration and subtest cross-loadings on the WJ IV. For those same reasons, the
utility of commonly used practices by healthcare professionals in the school, such as the
Dual Discrepancy/Consistency Model and Cross-Battery Assessment (Flanagan et al.,
2013), may also be impacted. Taken together, the results of the present study highlight
the importance of healthcare professionals having an understanding of the structural
validity of an assessment instrument.
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Limitations of the Present Study
Despite thorough consideration in the planning of the present study, limitations
exist as with any research study. The analytic procedures employed in this study (i.e.,
EFA and CFA within a SEM paradigm) involve complex model specifications that can be
challenging for a researcher and susceptible to human error. Accordingly, these analytic
procedures are associated with potential problems and complexities that a researcher
must be aware of. For example, the interpretation of results in EFA is subject to
confirmation bias as the researcher determines which theoretical lens the results will be
examined. In the present study, the CHC theory of intelligence and the F-CHC model of
cognitive abilities were utilized in order to conceptualize the results from the EFA.
However, multiple and/or differing theories of intelligence exist in the field of
psychology. Similarly, misidentification and/or misspecification of a theoretical model in
CFA/SEM impacts the approximate fit indices, which may distort a researcher’s overall
interpretations.
Additionally, the present study used data that was not collected and/or managed
by the present researcher (i.e., the standardization data set for the WJ IV). As with any
study, the utilization of archival data has disadvantages. Primarily, the present researcher
had no control over the standard by which the data was collected; therefore, there is no
way to account for errors and/or inaccuracies that may be present in the data. Further,
participants in the WJ IV Norming Study were not administered the full battery of the WJ
IV. Instead, the complete participant records for the WJ IV Norming Study were
generated using two-step EM (expectation maximization) + DA (data augmentation)
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NORM procedures (McGrew et al., 2014). Although the chosen procedures for imputing
data are considered best practice, the utilization of the estimated scores in the technical
manual as opposed to scores from actual testing participants is questionable.
Another disadvantage with utilizing archival data from the WJ IV Norming Study
is the limited amount of information gathered from clinical populations (e.g., individuals
with attention-deficit hyperactivity disorder, autism spectrum disorder, specific learning
disability, traumatic brain injury, etcetera) as healthcare professionals in the schools
primarily work with clinical populations. It is possible that the factor structure of the WJ
IV may vary depending on the clinical population being evaluated. Lastly, the present
study limited the age range of the standardization sample from individuals aged 2–90
years to individuals aged 6–19 years. It is possible that the aforementioned interpretations
and conceptualizations may not generalize well to individuals younger than 6-years-old
and/or older than 19-years-old.
Directions for Future Research
Based on the limitations of the present study, future researchers may want to
investigate the generalizability of the results. Specifically, subsequent research should
evaluate whether the results of the present study will be applicable in clinical populations.
This additional research is important as it may provide insight as to how cognitive
abilities manifest in more specific populations. The present study focused on the
population of school-aged individuals; therefore, future researchers may also want to
investigate whether these results generalize to individuals of all ages, which may provide
insight as to how cognitive abilities manifest across the lifespan. Finally, additional
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research is needed to more thoroughly investigate the F-CHC model of cognitive
abilities. Future researchers may want to employ the same methods used in the present
analysis with other iterations of the WJ Assessment Batteries, as well as with other
individually-administered intelligence tests.
Conclusion
This chapter explained the results of the statistical analyses for the present study.
The intention was to better understand the factor structure of general intellectual ability,
cognitive abilities, oral language, and academic knowledge in school-aged individuals.
The present study utilized differing models of cognitive ability to determine which factor
structure most appropriately represents the standardization sample of the WJ IV for
school-aged individuals (ages 6–19 years). Of these models, the CHC theory of
intelligence and the F-CHC model of cognitive abilities were of particular interest. In
summary, the findings of the present study provide support for the F-CHC model of
cognitive abilities in coordination with the researcher’s hypothesis. The findings of the
present study also revealed a high degree of task impurity and cognitive complexity on
the WJ IV.
As with any research study, there are limitations in the present study, such as the
use of imputed data, the potential for confirmation bias, and the lack of generalizability of
the results. Future researchers are encouraged to investigate the manifestation of
cognitive abilities on the WJ IV across the lifespan, as well as in more specific clinical
populations. It is also recommended that other iterations of the WJ Assessment Batteries
are used to further investigate the F-CHC model of cognitive abilities. Findings from this
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study may contribute to a better understanding of the assessment of intellectual ability,
cognitive abilities, and academic knowledge in children, adolescents, and young adults.
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