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ABSTRACT

This brief article introduces the topic of intelligence as highly appropriate
for educational measurement professionals. It describes some of the uses of
intelligence tests both historically and currently. It argues why knowledge
of intelligence theory and intelligence testing is important for educational
measurement professionals. The articles that follow in this special issue will
provide readers with considerable information about the history of intelligence theory and testing, and especially of the Cattell-Horn-Carroll (CHC)
model of testing and its implementation. The following articles will also
provide a well-reasoned approach to the way science should work in
evaluating tests and the models on which they are based.

Educational and psychological measurement professionals know that our profession began to come
of age in many ways with the sorting of students in Parisian public schools using intelligence tests
development by Binet and his associates at the end of the 19th century. Since that time, intelligence
testing and its study and use have been one of the most important contributions of psychology, one
of the most frequently taught aspects of psychology taught in the graduate education of professional
psychologists, and one of the critical developments in testing. Models of intelligence have been
advanced by many legends in the testing industry: Spearman, Burt, Thurstone, Cattell, Horn,
Vernon, Carroll, Humphreys, Sternberg, Kaufman, and others. The goal of this brief introductory
article is to describe why a special issue of Applied Measurement in Education is devoted to evidence
of empirical research on recent models in intelligence testing, when many of the readers of this
journal are more interested and involved in the use of achievement tests. As an editor, I would argue
that educational measurement experts need to know something about intelligence testing for
a variety of reasons. These include historical reasons, as the history of testing greatly influences
current testing theory and practices; aspects of student diagnosis that involve testing, even if this
work is more often performed by school psychologists; answering questions from parents, teachers,
school administrators, and others who may have questions about testing, especially intelligence
testing; and teaching courses on testing that should include some coverage of the role of intelligence
testing. I am also aware that very few educational measurement graduate programs offer instruction
that covers intelligence and intelligence testing, except for those students moving into school
psychology and other related disciplines. I also note that I prefer generally using the term developed
cognitive ability or abilities rather than intelligence given that such a term de-emphasizes hereditary
considerations as opposed to educational and other environmental influences on the development of
such cognitive abilities.
Intelligence testing in the schools has had a more varied history than it has in psychological
education and practice (Thorndike & Lohman, 1990). Given that the current writer’s post-doctoral
experience began some 42 years ago, I can remember the widespread testing of intelligence in the
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schools, times when group intelligence tests were administered to virtually all students with the
results used in part in the sorting of students into tracks, gifted education, and honors programs,
perhaps among other possibilities. Its history is somewhat controversial in its use in placing students
into special education, especially when used with English language learners, disadvantaged students,
ethnic minority students, and students with disabilities. Indeed, perhaps no type of testing in the
schools has been litigated as influentially as intelligence testing (see, for example, Bersoff, 1981;
Elliott, 1987; Sacks, 1999).
I learned early in my career about intelligence testing. Working for over 15 years with Anne
Anastasi, a preeminent intelligence and individual differences scholar, I served with her on
a project funded by Harcourt, Brace Jovanovich in the late 1970s. At the time we surveyed
teacher’s, parents’ and others’ perspectives on various types of tests. One of the clearest findings
was that teachers valued achievement tests, but their opinion was quite negative about intelligence
tests (Anastasi & Geisinger, 1980). When such results related to elementary schools, as they often
did, Anastasi became irritated because research had shown that items on sixth-grade intelligence
and achievement tests could rarely be correctly placed in the test from which they came and the
correlations between scores on intelligence and achievement tests during the early years of
schooling approached unity (Coleman & Cureton, 1954). Coleman and Cureton concluded their
article with the following statement, “This study indicates that a good school achievement test of
reading and arithmetic measures essentially the same combination of functions as a type group
intelligence test, the overlap being on the order of 95%” (p. 351). Although it may not be known to
teachers and others that intelligence tests were so similar in content, at least with norm-referenced
achievement tests, the uses to which such tests are employed, and the interpretations made about
the resultant scores may differ to the point that their opinions about intelligence and achievement
tests were diametrically opposed. (Of course, achievement tests of the 1950s may have been built in
a fashion more completely norm-referenced as opposed to current achievement measures, and the
tests were generally also not standards-based.) Anastasi and Urbina (1997) make the point that the
difference between ability and achievement tests is the degree to which the material covered is
learned in “relatively standardized sets of experiences, such as a course…” (p.475).
The research in which Anastasi and I engaged was conducted in the schools at a time before
Institutional Review Boards were commonplace. Part of the process for letting me into schools to
collect survey responses relating to attitudes about testing was that I often had to speak at parentteacher association meetings. I attended these meetings and made a brief approximately 15-min
presentation about testing after which I would answer questions. The most common questions
related to intelligence testing. These questions often concerned why their child was excluded from
the gifted education program, why their child was or was not identified as learning disabled, and
what they could do to improve their child’s intelligence. These are questions that I believe educational testing experts need to be prepared to answer, to provide information to parents and often to
help support the school psychologist, who typically had already answered the same questions.
In more recent years, group tests of intelligence are far less commonly used in the schools,
sometimes for legal reasons. Intelligence tests have become primarily the province of school
psychologists. Intelligence tests continue to be given to some 15% of schoolchildren, primarily to
test their need for access to special services, such as special education. Indeed, the use of testing in
making special education determinations is codified in the Education for All Handicapped Children
(1982) regulations. A common definition of learning disability is where a student whose ability
(intelligence) is substantially higher than his/her level of achievement. Such a definition obviously
requires an assessment of general ability, most often assessed via intelligence (McDonough,
Flanagan, Sy, & Alfonso, 2018).
A recent dominant theory of intelligence testing is called the Cattell-Horn-Carroll (CHC) model,
a model that is both explained and, in large measure, confronted in the four articles that follow in
this special issue (Beaujean & Bensen, 2019; Canivez & Youngstrom, 2019; McGill & Dombrowski,
2019; Wasserman, 2019). Earlier versions of these papers were presented as a symposium at the 2017
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American Psychological Association conference in Washington, DC, where I heard the papers and
invited them to submit them as a special issue. The CHC model is something of a merger of theories
that occurred around the turn of the present century and was highly tied to the development of
a specific intelligence test. The theory was called the Cattell-Horn-Carroll theory and was
a combination of two or three theories of intelligence that considered component abilities of
intelligence as more important rather general intelligence per se. The theory holds that general
intelligence should be de-emphasized, if considered at all, and subordinate abilities given more
attention. The two primary abilities to consider were fluid intelligence (gf) and crystallized intelligence (gc). There are clearly reasons why such a model would be important. If one is trying to make
diagnostic decisions, then it is almost always important to have multiple measures of different
constructs to compare so that one can identify cognitive strengths and weaknesses and design
educational programs accordingly. The results of our fields’ most serious attempts to look at
interactions among different factors to improve instruction in this manner (Cronbach & Snow,
1977) found very few ways that assessment of different abilities could be used to place students into
optimal learning situations. Similarly, industrial and organizational psychology has as one of its
major areas the selection and placement of employees. That field has largely moved to use general
intelligence or "g" instead of major subcomponents of intelligence as predictors of work performance
(Schmidt & Hunter, 1981, 1998).
There is a set of highly relevant, current policy issues that relate to testing, and have a long history
with intelligence testing in particular. This issue is a politically loaded one, that of immigration, and
I attempt to address this manner in as non-partisan a fashion as possible. Serious complaints have
arisen about the use of intelligence tests in the early 1900s at Ellis Island and elsewhere (e.g., Gould,
1981; Kamin, 1974; Richardson, 2011). After trying literacy tests to identify people who were not to
be admitted to the United States, intelligence tests were used (Gould, 1981; Kamin, 1974). In fact,
early forms of the Binet tests were used to assess the intelligence of individuals seeking to immigrate
into the US. Kamin (1974) writes, “The results were sure to produce grave concern in the minds of
thoughtful citizens” (p. 16). The results established that as opposed to English, Scandinavian, and
German immigrants who had entered the country earlier, “82% of Jews, 80% of the Hungarians, 79%
of the Italians, and 87% of the Russians were ‘feeble-minded’” (p. 16, as taken from Goddard, 1913).
One reasonable interpretation of these determinations is that if candidates to immigrate into the US
were not fluent in English, their scores on a test administered individually in English were
suppressed. One could perhaps also surmise that the more different one’s language was from
English, the lower the average scores of individuals from those countries might be. Given that
many immigrants come to the US with extremely limited English, if testing is used as part of
immigration practices, certain groups are likely to suffer accordingly. At a time when immigration
issues are being discussed widely in our country, such issues need to be discussed intelligently by
professionals who are well-informed.
I mention the above not at all as an introduction to the articles that follow in this important
special issue, but to motivate readers to consider these articles carefully and also to justify a special
issue that some may consider too far afield from applied measurement in education and the journal
that carries that name. I believe that the issues discussed in this special issue of Applied Measurement
in Education are indeed highly relevant to educational measurement professionals. As a final
justification for this set of papers, consider the relationship between intelligence and achievement.
One anonymous state with which I have worked requires an 11th grade achievement test in English
language arts and mathematics as part of its accountability program. Within that same state, the two
major college admission measures are administered to many students and the data collected statewide. Data analyses suggest that the correlation between these two sets of measures is in the .80-.85
range. One of the admissions tests, the SAT, was originally based on intelligence measures or at least
the construct of intelligence (although it has advanced considerably since that time) (Lawrence,
Rigol, Van Essen, & Jackson, 2003; Lemann, 1999). Clearly, these types of measures are highly
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correlated with one another. That point alone should justify these papers. The articles that follow
may stretch some readers, which I believe to be a beneficial outcome.
I wish to take the editorial license with one final point. I learned from Anne Anastasi never to
refer to intelligence tests as IQ tests. As she frequently pointed out, IQs (intelligence quotients) are
scores and intelligence is a psychological construct. We do not refer to other tests as stanine tests or
T-score tests. We normally refer to tests by what it is that they assess. Please consider using the
terminology of intelligence tests in the future.

1. Conclusion
This brief article is not intended to describe the four excellent articles that follow. Rather, the author
had two goals: to justify devoting a special issue of Applied Measurement in Education on the topic of
intelligence, a topic that some readers may see outside our normal realm. I have attempted to
indicate that it is within our realm or is at least so closely aligned that I believe it merits the attention
of the readership. The second goal is to demonstrate how intelligence testing continues to have
a significant influence in education and thus should be within the knowledge domain of educational
testing professionals.
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No potential conflict of interest was reported by the author.
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ABSTRACT

Charles Spearman and L. L. Thurstone were pioneers in the field of intelligence. They not only developed methods to assess and understand intelligence, but also developed theories about its structure and function.
Methodologically, their approaches were not that distinct, but their theories
of intelligence were philosophically very different – and this difference is
still seen in modern approaches to intellectual assessment. In this article, we
describe their theories of intelligence and then trace how these theories
have influenced the development and use of intelligence instruments,
paying particular attention to score interpretation.

People hold strong, often emotionally laden, opinions about the notion of intelligence (Oakland,
1995).1 Although many agree that intelligence attributes are important (e.g., Gottfredson, 1997),
their measurement is often criticized (e.g., Gould, 1996). Intelligence instruments (colloquially
referred to as “IQ tests”) have proven useful for a variety of applied purposes, but they are not
without limitations. As Carroll and Horn (1981) aptly noted:
Although IQ tests, and ideas about the IQ, have proved to be useful in many applications, we see with hindsight
and from the standpoint of optimal scientific progress that these developments have been something less than
ideal. The truth is that both the science of human abilities and the technology of applying this science are still
on the road, not yet at the end of their journeys. (p. 1018)

In addition to controversy regarding the merit of intelligence and its measurement, contentions
regarding how to interpret scores derived from intelligence instruments have been present since the
publication of the original Binet–Simon scale (Harris & Shakow, 1937). While somewhat reductionist, a longstanding contention involves the clinical meaningfulness of specific scores versus score
profiles. Some ascribe great clinical significance to cognitive profiles because these such the profiles
can be indicative of underlying pathology that cannot be discovered by looking at specific scores
alone. Others believe that these profiles have little-to-no meaning, so interpretation should be
restricted to scores that represent specific attributes the instruments were designed to measure.
The issue of score interpretation came to the forefront in the 1940s due to a trinity of events.
First, the growing popularity of L. L. Thurstone’s arguments for the importance of examining
multiple intelligence aspects instead of one general aspect. Second, the publication of the
Wechsler–Bellevue instrument, which not only purported to measure multiple intelligence attributes,
but allowed for the direct interpretation and comparison of scores ostensibly representing these
attributes. Third, the practice in clinical psychology – heavily influenced by psychoanalytic theory –
that proper interpretation of psychological instruments involved going beyond the available scores to
understand what was “truly” going on with a particular examinee.
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In this article, we discuss these issues and how they have impacted the debates about intelligence
test score interpretation. Moreover, we describe how the polemics of focusing on specific scores
versus score profiles that began in the early part of the twentieth century have been a recurring
theme in psychological assessment that is alive and well today. While some of the particulars in the
arguments have changed, the general ideas have largely remained the same.

1. The Beginning: Spearman and Thurstone
The one-many debate largely started with the work of Louis Leon Thurstone. To understand the
impact of Thurstone’s work, it is important to understand the historical context, namely the work of
Charles Spearman. Although Spearman and Thurstone were never clinicians, their approaches to the
study of intelligence still dominate the different approaches to interpreting intelligence test scores.

1.1. Spearman
Informal study of human intelligence has a long history; descriptive terms such as wise, clever, and
capable have been part of the language for centuries (Spearman, 1937). Modern concepts only came
into our language in the latter part of the nineteenth century as psychologists began to study both the
makeup of intelligence and the optimal way to measure it (e.g., Baldwin, Jastrow, Sanford, Witmer,
& Cattell, 1897). While there were many individuals in the early history who approached the study of
intelligence scientifically, Charles Spearman stands out as one of the most influential (Beaujean, in
press).
Spearman made multiple contributions to the field of intelligence, but his most seminal contribution was to the understanding of g.2 Much has already been written about Spearman and g (e.g.,
Carroll, 1993; Jensen, 1998; Spearman, 1927; Wasserman & Kaufman, in press), so we will only note
two things. First, Spearman never argued that g was the only attribute related to intelligence. He and
many of his students devoted considerable time to studying non-g attributes (Carroll, 1993;
Spearman & Wynn Jones, 1950). Nonetheless, while he agreed that the other attributes existed, he
thought their measurement was relatively poor and that there was insufficient evidence to indicate
that they played as an important role as g in explaining individual differences in human intelligence
(Spearman, 1930b).
To Spearman, a focus on non-general attributes was largely an extension of faculty psychology –
the idea, popularized by phrenology, that the mind was comprised of an independent confederation
of faculties (e.g., intellect, language, attention, memory).3 Although faculty psychology was falling
out of general favor when Spearman started his research, it was still prevalent. For example, it had
a large influence on Alfred Binet’s understanding of how the mind worked (Binet & Henri, 1895;
Nash, 1987). In contrast to the ideas in faculty psychology, Spearman believed the optimal way to
understand the mind was to focus on detecting and explaining the basic laws for understanding its
structure and operations – at least its intellectual operations – as a whole, that is, g.
Second, most of Spearman’s work was devoted to explaining g, not trying to prove its existence
(Smith, 1950). Investigations related to an attribute of “general intelligence” were underway long
before Spearman (Spearman, 1904). By and large, however, early investigators were unsystematic in
their methods; thus, the results were often contradictory. Spearman’s genius was the systematic
nature in which he sought to eliminate the “irrelevancies” introduced by the unsystematic nature of
previous investigations. Having done this, he became satisfied that g existed so turned most of his
attention to understanding what caused it (Spearman, 1930a).
Originally, g stood for “general intelligence.” Spearman (1927) abhorred the word “intelligence,” however, due to its lack of
scientific definition (what he called the monarchic doctrine). Thus, he came to just use the term g to describe this attribute.
Spearman’s (1927) discussion of the oligarchic doctrine – and to some extent, the anarchic doctrine – is in reference to faculty
psychology.

2
3
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Spearman (1927, 1950) defined g as a combination of noëgenesis (i.e., the process by which new
knowledge enters the human mind) with abstractness.4 In other words, the ability to identify relations
among objects, comprehend their implications, and then draw inferences to novel content (Ballard,
1929). As part of his conceptual definition, Spearman specified the rules for its measurement.
g, like all measurements anywhere, is primarily not any concrete thing but only a value or magnitude. Further,
that which this magnitude measures has not been defined by declaring what it is like, but only by pointing out
where it can be found. It consists in just that constituent – whatever it may be – which is common to all the
abilities inter-connected by the tetrad equation. (Spearman, 1927, pp. 75–76)

That is,
the statistical meaning of g has always been defined by the following equation (including the conditions of its
validity): (Spearman, 1941, p. 818).

max ¼ rag  gx þ ras  sax
In the equation, m is the level of person x on measured variable a, sax is the level of person x on the
specific factor of variable a, rag is the correlation between variable a and g (i.e., factor loading), and
ras is the correlation between variable a and the specificity of a.5 The “conditions of its validity” were
the tetrad differences criterion (Thomson, 1927).

1.2. Thurstone
Spearman’s work became influential in Britain almost immediately (e.g., Burt, 1909), but its
influence in America was much slower. Nonetheless, by the mid-1930s most psychological assessment being done was based on the view that intelligence was something unitary, or at least that some
combined aggregate score was clinically useful (Carroll, 1982). This can be seen by the fact that most
tests yielded a single score for each individual, expressed as an “intelligence quotient” (IQ) or
something similar.6
This did not mean Spearman’s work went without criticism. To the contrary, there was plenty of
criticisms. Most of the criticism was of one of two forms: (a) g is not sufficient, or (b) g is little more
than a statistical artifact so should be ignored (Bouchard, 2014; Wolfle, 1940). Both lines of criticism
contain the argument that g cannot fully account for the relations among various intelligence
attributes; thus, a full accounting of these relations required information about multiple intelligence
attributes. The criticisms differed in how to deal with the situation. Among the former camp were
those such as Burt and Vernon who argued that g was important, but insufficient. They developed
a variety of hierarchical models and methods to account for g as well as a variety of group factors/
broad abilities.
Chief among the latter camp was Thurstone (1935, 1938a). Originally the differences were largely
believed to be methodological (e.g., tetrad differences vs. centroid criterion), although it has been
shown that the approaches are actually quite similar (Bartholomew, 1995). The differences in
method, however, were merely outgrowths of fundamentally different philosophies and approaches
to intelligence. In comparison to Spearman, Thurstone’s model of intelligence represented an
entirely different conception of important cognitive processes.
To aid in his analysis, Thurstone developed the idea of a simple structure. Simple structure
stipulates that each common factor (representing a specific attribute) relates primarily to only a few
directly measured abilities, and each ability depends on only a few common factors. Thus, a diverse
group of measured abilities must be represented by multiple common factors. The ideas of simple
4

Spearman (1927) developed three laws of noëgenesis: (a) apprehension of experience, (b) eduction of relations, and (c) eduction
of correlates; which he believed covered the field of cognition.
Spearman believed he corrected his correlations for unreliability, so a variable’s uniqueness was comprised only of its specificity.
6
This was really more of an extension of the monarchic and anarchic doctrines (Spearman, 1927) than a measure of g, but credit
was still given to Spearman.
5
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structure and multiple factors spawned Thurstone’s line of research directed toward constructing
a system of attributes – represented by factors – that describe human intelligence.
Thurstone’s system was based on two basic assumptions (Horn, 1991). First, all the abilities
within the realm of human intelligence need to be sampled via the tasks used in factor analytic
studies. This does not mean an instrument is needed to measure every ability, but it does require that
instruments sample these abilities in one way or another. Second, a common-factors system based on
a simple structure can serve as a paramorphic model of the organization of human intelligence.
Thurstone eventually settled on seven core intelligence attributes (what he called primary mental
abilities [PMA]): verbal comprehension, word fluency, number facility, spatial visualization, associative memory, perceptual speed, and reasoning. Thus, to understand an individuals’ intelligence
requires understanding their levels on these primary abilities.
As part of his research, Thurstone and his wife, Thelma, developed an instrument based on his
theory of PMA: Tests of Primary Mental Abilities. The test went through multiple revisions and
eventually evolved from a research battery to a formal group intelligence test. Somewhat surprisingly, these tests were often criticized for their technical inadequacies (e.g., Anastasi, Berdie, Carroll,
Courtis, & Vernon, 1953). Thus, they never became as popular as other group-administered
intelligence tests. Their importance lies mainly in being the first instrument designed specifically
to follow a theory of intelligence that relied primarily on broad abilities instead of a general ability.
Thurstone (1941) summarized this philosophy when discussing an early version of the instrument.
No one knows how many primary mental abilities there may be. It is hoped that future factorial studies will
reveal many other important primary abilities so that the mental profiles of students may eventually be
adequate for appraising educational end vocational potentialities. In such a program the present studies are
only a starting point in substituting for the description of mental endowment by a single index the description
of mental endowment by a profile of fundamental traits (p. 112)

1.3. Extensions of Thurstone’s Theory
Thurstone’s theory of intelligence was soon supplanted by others. In fact, modern interest in his
theory is largely of a historical nature. Nonetheless, its importance is hard to overstate. First, it not
only provided an empirical criticism of g, but also provided a viable alternative that did not require
g. Second, it spawned other theories that focused on broad abilities instead of a single general ability,
such as the structure of intellect (Guilford, 1967) and Gf-Gc (Brown, 2016; Cattell, 1943; Horn &
Blankson, 2005).7
The exact nature of these theories is somewhat irrelevant for the purposes of this article, but we
note that they have at least three core assumptions. First, there are multiple independent intelligence
attributes (i.e., a combination of any set of k-1 attributes does not fully predict the kth). Second, the
attributes predict different phenomena, stem from different sets of causes, and are affected differently by environmental influences. Third, all the attributes need to be examined to understand
a given person’s intelligence.

2. Instrumentation: Binet and the Wechsler–Bellevue
Alfred Binet spent the better part of a decade developing multiple proposals for assessing intelligence
(Burt, 1914; Spearman, 1931). After Théodore Simon came to study with him, he published the first
major individually administered intelligence instrument designed for clinical purposes (Binet &
7

Although many of the multiple ability models use the same name as those from Thurstone’s model, they do not necessarily
represent the same attribute. For example, Horn (1991) wrote that the Gf-Gc system differs from Thurstone’s in that each Gf-Gc
factor is broader than the similar factor in Thurstone’s system. That is, a Gf-Gc factor is comprised of and represents more
elementary abilities. In a hierarchical system, the Gf-Gc factors are higher order organizations of the lower order primary mental
abilities organizations.
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Simon, 1904).8 This instrument was, in every sense, a compromise. On the one hand, Binet was
immersed in faculty psychology, writing that intelligence “is not a single indivisible function with
a particular essence of its own;” rather, it is “formed by the combination of all the minor functions of
discrimination, observation, and retention, all of which have been proved to be plastic and subject to
increase” (as quoted in Peterson, 1925, p. 275). On the other hand, he and Simon wanted to create an
instrument that could be a useful aid in identifying children with an intellectual disability who
needed special education (Goodenough, 1949).9 In their investigations, they saw the most pragmatic
way of doing this was to require children to respond to items of different types (e.g., comprehension,
invention, reasoning, invention), and use those responses to yield a single score to interpret.
Initially, Binet and Simon (1904) selected 30 tasks and arranged them by difficulty. The tasks
ranged from the movement of the head and eyes following a lit match to providing abstract
definitions (e.g., difference between esteem and affection). Students’ scores were the highest tasks
they could pass, and those scores were compared to the highest task typical students of the same age
could pass.
Subsequently, Binet (1910, 1907) developed additional tasks, but grouped them all by the age at
which they were commonly passed instead of overall difficulty. Students’ scores were then the
highest group of items they could pass, making the scores’ reference age standards (functionally,
they were age-equivalent scores). In either case, the result was a single score reflecting the child’s
overall mental level, which Binet believed represented a composite of multiple faculties (Burt, 1914;
Spearman, 1931). Binet did not interpret this score. Instead, he compared it to students’ chronological age in order to determine the presence of an intellectual disability.
Although deficient from a measurement perspective, the Binet–Simon was clinically useful.
Ironically, while Binet’s test was largely ignored within his homeland, its popularity grew in other
countries (Carson, 2014; Schneider, 1992). This led to multiple translations and revisions, with Lewis
Terman’s (1916) being the most commercially successful. Moreover, the test became the prototype
for many other early intelligence tests (Mackintosh, 2011).
The reliance on a Binet–Simon type of instrument began to change with the development of the
Army Alpha and Beta tests (Yoakum & Yerkes, 1920).10 Like the Binet–Simon, the army instruments
were designed to assess multiple intelligence attributes. Unlike the Binet–Simon, however, the army
instruments used the same material for all examinees irrespective of their overall intelligence level
(i.e., the instruments were comprised of multiple subtests). In addition, the instruments used point
scales (i.e., sum of items answered correctly) to arrive at an enlistee’s intelligence level instead of ageequivalent scores. David Wechsler (1932) – who was a scorer and examiner for the army instruments – came to believe that these point scales were particularly useful for clinical purposes to
determine if someone had “any special abilities or disabilities” (p. 254).
After his time in the army, Wechsler moved to Europe for a few years where he studied with
multiple noted scholars, including Spearman (Boake, 2002). He then returned to the U.S. to
complete a Ph.D. in psychology at Columbia University. Not long thereafter he became the chief
psychologist at Bellevue Psychiatric Hospital in 1932. His new job required him to supervise the
testing of Bellevue patients, which convinced him of the inadequacies of Binet’s test and its
translations/revisions (Wechsler, 1981). Leading psychometricians at that time argued that properly
designed intelligence tests should have a variety of features, such as (a) assessing verbal and “nonverbal” attributes with equal weight placed on both skill sets; (b) assess g as well as more specific
aspects of intelligence (e.g., PMA); and (c) raw scores should be converted to standard scores for
interpretation (Conrad, 1931). The combination of these desiderata coupled with his frustration with
the Binet instruments served as the impetus for Wechsler creating his first intelligence instrument.
8

The date for articles in L’Année Psychologique refers to the previous year (supposedly the time that the actual research took place).
The terms intellectual disability and special education are modern terms, not the terms used by Binet.
There were other intelligence instruments that used multiple subtests before the Army tests, but Weschler largely just adapted
the Army tests for civilian use (Frank, 1983). Thus, we only mention the Army tests.
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The original Wechsler–Bellevue Scale of Intelligence (WB, Wechsler, 1939) consisted of 10
subtests (plus 1 alternate subtest) and provided three aggregate scores: Full-Scale, Verbal, and
Performance. The WB was not particularly novel because its content was largely taken from popular
intelligence instruments at that time, including the army instruments (Boake, 2002; Frank, 1983).
What made it noticeably different from other instruments was the conversion of each subtest’s raw
scores into standard scores using the mean and standard deviation of scores at various age levels.
Wechsler (1939) originally did this so each subtest would be of equal importance when combining
them to create the aggregate scores. In doing so, however, it allowed for the direct comparison of
subtest scores – a feature that others would seize on in their quest to diagnose psychopathology.

3. Score Interpretation: Cognitive and Clinical
Historically, the interpretation of scores from intelligence instruments has taken three approaches.
First, the instruments primarily assess a single attribute, usually thought to be g. Second, the instruments may or may not assess g, but they also capture more primary abilities which are important to
interpret. Third, the instruments assess more than what is represented by their scores (e.g., personality,
psychopathology), but this can only be discerned via examination of the more primary ability scores’
patterns by someone with the correct clinical training.11
Direct Interpretation
The idea that intelligence instruments only capture g – or that g is the most important attribute
influencing these instruments’ scores – comes from Spearman. Spearman did not equate g with any
particular kind of mental operation, however, since he thought it pervaded every kind of cognitive
operations. Instead, Spearman (1927) argued g was some likely some quantity of “general mental
energy,” while the specific factors were “efficiency of specific mental engines.”
In contrast, Thurstone argued that the PMA were of utmost importance, so it was important to
understand the profile of these abilities to understand an individual examinee. Thurstone (1938b) was
somewhat more liberal in interpreting factors as representing attributes. Although Thurstone’s PMA
were abstract, he did name and interpret them psychologically (i.e., they were operationally definable in
terms of behavior). Nonetheless, he does not appear to regard PMA factors as having some type of
independent existence apart from the behavior in which they are expressed (i.e., reification). Moreover,
he was adamant that the interpretation of a factor as representing a psychological attribute – and its
corollary, that a given test measures psychological attributes (represented by factors) – was only
warranted after applying rigorous research designs and multiple investigations. His approach to interpretation can be seen in authors of the theories/models that were derivatives of his (e.g., Cattell, 1978).
Thurstone’s (1938a) writings about factor analysis as a method to isolating “psychological
entities” or “mental faculties” led some to believe that his interpretations were a form of reification
or hypostatization (e.g., Anastasi, 1938). Such interpretations imply that factors reference some
tangible underlying entities or actual processes (Coan, 1964), and are the types of interpretations
inherent in the clinical tradition of interpreting intelligence test scores (Mann, 1971).
3.1. Clinical Interpretation
The ideas behind the initial clinical approach to interpreting intelligence test scores have a relatively
long history in psychiatry and psychology (e.g., Kraepelin, 1917). The fundamental assumption is
that typically-developing individuals have consistent levels of functioning across diverse intelligence
areas. Psychopathology, then, manifests itself – at least partially – through unique patterns of
differential functioning. Thus, identifying psychopathology can be done by finding different score
patterns on intelligence tests (Pfeiffer, Reddy, Kletzel, Schmelzer, & Boyer, 2000).
There is also the “top-down” approach that these instruments assess g, primarily abilities, and other attributes all equally well
(e.g., Kaufman, Raiford, & Coalson, 2016).
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From the clinical perspective, scores on intelligence tests are not just the product of examinees’
intellectual abilities, but other psychological abilities and processes (e.g., personality, motivation;
Schafer, 1946; Wechsler, 1950a). Rather than considering these other influences as an error (i.e.,
construct-irrelevant variance), scores are used to assess examinee levels on these extraneous attributes. These attributes are assessed not by examining particular scores, but score relations.
“Irregularity” in these score relations, then, could be indicative of psychopathology.
The nature of this irregularity has been assessed using different methods and different types of
intelligence test scores (e.g., composite/index, subtest). Originally, the irregularity was assessed in
scores from the same instrument because they are based on the same normative group, but the
search for irregularity has also been applied to scores coming from multiple intelligence instruments
(e.g., Flanagan, Ortiz, & Alfonso, 2013).
Irregularities have been examined using both intra- and inter-individual approaches. The interindividual approach (i.e., configural analysis) looks at the constellation or shape of a particular set of
scores for a pattern that fits a particular diagnosis. The intra-individual deviation approach (i.e.,
ipsative analysis, scatter analysis) examines within-person differences from some reference point.
Typically, this reference point has been the mean of all the scores being examined (i.e., profile
elevation); however, other reference points have also been used (e.g., mean of a subset of scores, one
specific subtest score). The idea behind this is that comparing scores to some common reference
point before directly comparing them to each other is thought to remove (or at least diminish) the
influence of cognitive ability (McDermott, Fantuzzo, & Glutting, 1990). The intra- and interindividual approaches can also be used together, such as when examining patterns of ipsative scores
(i.e., score patterns after ostensibly removing the influence of cognitive ability).12
Clinicians attempted to examine scatter on the Binet’s instrument and its early translations/
revisions, chief among them being John Wallin (1922). He defined scattering as the number of items
passed above the basal age (i.e., the highest age at which an individual correctly answered all the
items). This method of assessing scatter largely failed to demonstrate any clear clinical implications
for scatter (Harris & Shakow, 1937).
The lack of evidence for finding clinical usefulness of cognitive profiles did not diminish
clinicians’ belief in the meaningfulness of score variation. Instead of criticizing the notion that
intelligence tests measure attributes other than intelligence and could be used for assessing a variety
of psychopathologies, clinicians instead criticized the Binet instruments for not being structured to
facilitate clinical interpretation (e.g., Rapaport, Gil, & Schafer 1945). Consequently, when the WB
was published, this re-kindled hope in being able to interpret intelligence tests clinically.13

3.2. Clinical Interpretation of the Wechsler Scales
Initially, Wechsler (1939) was conservative in his interpretational approach. The first edition of the
WB manual contains no discussion of scatter analysis or even of interpreting clinical patterns. When
Wechsler discussed differences between the verbal and performance (i.e., non-verbal) scores, he
argued that the best way to handle the differences was to use some type of average score (i.e., FullScale score).
After the publication of the initial WB, there was a renaissance of work examining the clinical
interpretation of intelligence test scores (Frank, 1983). This renaissance was reflected in the second
edition of the WB manual (Weschler, 1941), which added a brand-new chapter on making diagnostic decisions based on score patterns and differences. These diagnoses were primarily based on
12

Irregularity can also be examined at the item level, but this tends to be done qualitatively (e.g., Bram, 2017) so we do not discuss
it in this article.
The WB was not the only test of cognitive functioning that clinicians used to infer psychopathology, but it was by far the most
popular; this is why we focus on it.
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Wechsler’s clinical experience examining WB profile similarities (e.g., individuals with diagnosis
X tend to have score pattern Y), with a little description of how such patterns were derived.
An alternative to Wechsler’s clinical psychometric approach to making diagnostic decisions was
the clinical psychological approach. From this perspective, performance on an intelligence test
involves various psychological processes, so it is important to decipher the true underlying processes
for each score in order to identify the impairment implied by a given configuration of test scores.
Such an approach stemmed from the assessment zeitgeist then prevalent in clinical psychology.
In their effort to break from psychiatry and become an autonomous, scientifically reputable
profession, clinical psychologists in the early-to-mid-twentieth century focused on their skills to
develop and interpret psychological instruments.
The practice of clinical psychology between the two world wars was essentially about assessment. Initially the
assessment role was limited largely to administration and scoring of tests. In some settings, clinical psychologists would also interpret the test results, turning them into diagnoses and maybe even recommendations for
treatment. However, that was not always acceptable in situations where psychiatrists demanded that such
extrapolations remain solely in their domain. That situation would change somewhat with the introduction of
projective testing… (Benjamin, 2005, p. 13)

Consequently, personality assessment – especially projective assessment – became a major focus for
clinical psychology. Properly trained psychologists no longer had to be relegated to the role of an
applied psychometrician; instead, a psychologist could be a “diagnostician who uses whatever
objective instruments are available but relies heavily upon his experience, upon interview procedures, upon projective techniques” to understand clients holistically (Rosenzweig, 1946, p. 94).
Initially, this approach was dominated by clinicians with a psychodynamic orientation with the
goal of using score differences to understand individuals’ personality development. David Rapaport
and his colleagues at the Menninger Clinic were the early proponents of this type of interpretation
(e.g., Rapaport, Gil, & Schafer, 1945; Schafer, 1946; Schafer & Rapaport, 1944). Their interpretation
scheme primarily focused on the importance of subtest scatter as a diagnostic indicator.
If one deals with differences of [standard] scores, or differences of a [standard] score and any kind of mean of
scores, the operation of subtraction by which such differences are obtained cancels out the intelligence level
which is inherent in the scores and in the means; and the differences thus obtained are directly comparable for
any two individuals… The [standard] scores and their central tendency represent the general position of the
individual’s intelligence relation to the standardization-population of the test, and thus presumably in relation
to the general population… it follows then that the deviation of some of an individual’s subtest scores from his
central tendency of [standard] scores – that is to say, from his general position relative to the total population –
reveals some characteristic of his intellectual functioning and personality organization, whether this characteristic be an impairment or an uneven development of function. (Rapaport et al., 1945, p. 49)

Rapaport and colleagues developed a comprehensive method to examine WB subtest scatter for
diagnosis of different psychopathologies (e.g., schizophrenia, depression, clinical neuroses). It was
grounded in psychodynamic theory, developed using statistical and clinical criteria, and included
explicit instructions for making diagnoses from score profiles. Thus, it became very popular with
clinicians (Jastak, 1949).
Despite the renewed clinical interest in making diagnoses from intelligence tests, research on
intelligence score profiles was largely disappointing. Rabin (1945; Rabin & Guertin, 1951; Guertin,
Frank, & Rabin, 1956) conducted multiple literature reviews on WB profiles, but found little
evidence for their use in making diagnostic decisions:
we have failed to demonstrate the effectiveness of certain quantitative formulas and test score variabilities as an
aid in individual diagnosis. The theoretical contribution of such studies to the general field of psychology has
been meager. It is doubtful that the continued clogging of the periodical literature with testimonials pro and
con, based on scanty and uncontrolled evidence, will be of further benefit (Rabin & Guertin, 1951, p. 241).

Cohen (1952), taking a factor-analytic approach to studying the WB, came to a similar conclusion.
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Much of the test rationales of Wechsler and Rapaport is not supported in the present factor-analytic rationale.
These authors imply a specificity of measurement for each of the subtests which is untenable in the light of the
appreciably high order of subtest intercorrelation. The latter leads to test communalities whose magnitude,
together with the relatively low reliabilities, precludes the possibility of the subtests measuring specific factors to
any significant degree, at least in patient populations (p. 277).

3.3. Further Studies of Clinical Profiles
Despite the lack of empirical support for using WB score profiles for diagnostic decisions, the trend
continued to flourish. Schofield (1952) opined that the rationale for this continued interest was
twofold. First, clinicians wanted instruments with demonstrated validity for measuring intelligence
to also provide valid data about non-intellective attributes (e.g., personality, psychopathology). Second,
clinicians believed it reasonable to infer that responses to intelligence test items are expressive of both
intellective and non-intellective attributes.14
Although interpreting score profiles on the WB was controversial, the WB remained a popular clinical
instrument for assessing intelligence (Burton, 1949; Louttit & Browne, 1947). One of its problems was
that it was designed for too wide a range of ages (i.e., 10–60 years). To remedy this, Wechsler created
separate instruments for children (Wechsler Intelligence Scale for Children [WISC]; Wechsler, 1949) and
adults (Wechsler Adult Intelligence Scale [WAIS]; Wechsler, 1955). Although there were new norming
samples for both instruments, the content and scaling were largely based on that from the WB.
Unsurprisingly then, the tradition of examining score profiles continued with the new instruments.
Empirical investigations of score profiles from these newer Wechsler instruments largely
mimicked those from the WB. For example, Cohen (1957, 1959) completed factor analytic studies
of both instruments. As with the WB, he found that subtests on both the WAIS and WISC had little
unique, reliable variance. Thus, he opined they were neither appropriate for direct interpretation or
for creating score profiles. As another example, Guertin and colleagues (Guertin, Ladd, Frank, Rabin,
& Hiester, 1966, 1971; Guertin, Rabin, Frank, & Ladd, 1962) conducted comprehensive reviews of
the WAIS research, including score profiles. They concluded that, as with the WB, there was not
enough evidence to warrant using score profiles for diagnostic decisions.

4. Extensions of Cognitive Profile Analysis
By the latter part of the mid-twentieth century, psychoanalytic theory and practice fell out of favor
among most U.S. psychologists. This trend was precipitated by the emergence of behaviorally- and
cognitively oriented theories and methods. At the same time, there were a slew of high-profile court
cases questioning the underlying fabric of psychological assessment, especially projective assessment
(Bersoff, 1973). Thus, although projective techniques still remained popular, there was a decline in
their use (e.g., Lubin, Larsen, & Matarazzo, 1984; Lubin, Wallis, & Paine, 1971).
The decline in projective assessment popularity did not translate to a decline in the use of
cognitive profiles. Instead, it proliferated – only now profiles were seen as being more indicative
of cognitive disorders than personality disorders. Not only were profiles seen as diagnostically useful,
they were also seen as useful for developing interventions. Part of this was fueled by new federal
regulations for identification of specific learning disabilities and part was due to a new cognitive
profile approach proffered by Alan Kaufman.
4.1. Specific Learning Disabilities
The cognitive profile zeitgeist had invaded special education by the 1960s. Many were involved in
projects designed to develop techniques “to fractionate global or molar areas of behavior and
14
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functioning for evaluation and educational purposes” (Mann & Phillips, 1967, p. 311). This was the
underpinning of Samuel Kirk’s (1963) understanding of a specific learning disability (SLD) as
stemming from a “cerebral dysfunction.” He believed SLD could be diagnosed and interventions
developed based on “a profile of their abilities and disabilities” (p. 5). This belief in the importance of
inter-individual profiles of cognitive and academic abilities was part of the impetus for his development of the Illinois Test of Psycholinguistic Abilities (ITPA; Kirk, McCarthy, & Kirk, 1961). Kirk
believed that cognitive profiles from the ITPA (along with intelligence instruments) could provide
information to understand what strengths a student had that could be used to overcome their
deficits.
The visual ability may be used as a bridge to understanding the verbal code, just as motor ability may serve
to spark the use of words. We can use the abilities to train the disabilities by organizing a program that will
associate doing with saying, and saying, and seeing with understanding the words. (Kirk & Kirk,
1978, p. 71)

This understanding can be seen in the definition of SLD issued by the National Advisory Committee
on Handicapped Children (NACHC), which Kirk chaired.
Children with special (specific) learning disabilities exhibit a disorder in one or more of the basic
psychological processes involved in understanding or in using spoken and written language. These may
be manifested in disorders of listening, thinking, talking, reading, writing, spelling or arithmetic. (NACHC,
1968, p. 34)

The NACHC definition was the basis for the definition implemented in the Education for All
Handicapped Children Act of 1975 (EHA) as well as subsequent legislation (e.g., Individuals with
Disabilities Education Improvement Act of 2004).
When the EHA was published in the Federal Registrar in 1977 it included a set of operational
criteria to guide efforts to identify SLDs.
(1) The child does not achieve commensurate with his or her age and ability levels in one or
more of the areas [previously] listed …, when provided with learning experiences appropriate for the child’s age and ability levels; and
(2) The team finds that the child has a severe discrepancy between achievement and intellectual
ability in [a specifically listed area of academic achievement] (Assistance to States for
Education of Handicapped Children, 1977, p. 65083)
The criteria are somewhat curious in that they depart from the SLD definition by not providing
criteria for assessing the “basic psychological processes.” In its place is an emphasis on academic
underachievement (i.e., “severe discrepancy”) that came from Bateman (1965). Hammill (1990)
opined that the replacement was probably due to disagreements about how to measure psychological
processes, but many interpreted the situation as SLD identification requiring two key components:
(a) severe discrepancy between intelligence and achievement, and (b) basic psychological process
disorder that was (causally) related to the problematic academic content area (e.g., Reynolds, 1992).
The latter of which needed to be assessed via examining cognitive profiles.
The new legal definition and regulations for SLD prompted a renewed investigation into cognitive
profiles. Not only were the profiles thought to aid in diagnosis/identification of SLD, but also were
needed for prescriptive instruction. The idea behind diagnostic-prescriptive instruction was the
same as that behind aptitude–treatment interactions. Understanding people’s aptitude (i.e., cognitive profile) allows for better individualized interventions. The problem was finding a rigorous
method for assessing cognitive profiles. This vacuum was largely filled through Kaufman’s approach
to cognitive profiles.
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4.2. Kaufman’s Approach to Clinical Profile Analysis
As part of his work on the revised edition of the WISC (WISC-R; Wechsler, 1974), Kaufman (1976,
1979) proffered a new “top-down” approach to interpreting scores from intelligence tests. This
approach emphasized interpreting scores with the best psychometric properties (i.e., Full Scale score,
Verbal score, Performance score), but also focused on a psychometrically oriented interpretation of
cognitive score profiles.
A major purpose of [my approach] was to impose some empirical order on profile interpretation, to make
sensible inferences from the data with full awareness of errors of measurement (Kaufman, 1994, p. 2).

In order to make these “sensible inferences” from score patterns, psychologists needed to become
detectives.
A WISC-R detective strives to use ingenuity, clinical sense, and a thorough grounding in psychological theory
and research to reveal the dynamics of a child’s scaled-score profile. The need for detective work derives from
one basic assumption: that the most valuable information about a child’s mental abilities lies somewhere in
between the global Full Scale IQ and the highly specific subtest scores. (p. 132).

Some have argued Kaufman’s approach was substantially different than Rapaport’s et al.’s because
Kaufman couched his method within psychometrics (Kamphaus, Winsor, Rowe, & Kim, 2012).
Moreover, Kaufman tended to be more conservative – explicitly noting that cognitive profiles are
post hoc and should be used primarily for developing hypotheses – and focused more on profiles
related to “school-related” problems (e.g., intellectual disability, specific learning disability) than
personality-related problems. Nonetheless, the difference between Kaufman’s and Rapaport’s
approaches is more in appearance than substance.
First, Kaufman (1979) spent considerable time and space describing the likely influences on each
subtest (some of which included non-cognitive attributes such as anxiety and conscience development) as well as what the subtests had common with each other. While he argued that cognitive
profiles were more reliable if two or more subtests influenced by the same demands had the same
pattern (i.e., both higher/lower than the mean), he did not eschew interpreting individual subtests if
performance on them was substantially different from other subtests. For example, “When examiners fail to uncover reasonable hypothesized strengths and weaknesses after a flexible and eclectic
analysis of profile fluctuations, they may resort to subtest-specific interpretations” (p. 183).
Second, Kaufman subscribed to the idea that only a properly trained clinician could see beyond
the available test scores to understand what was really going on with an examinee.
If we adhere to the tenets of those who consider subtest analysis as virtually criminal, we are almost forced to
abandon the expertise we possess as clinicians and psychologists that permits us to go beyond the IQs, and that
elevates us above psychometric clerks. (Kaufman, 1979, p. 190)

Thus, Kaufman’s approach to interpreting intelligence instruments is founded on beliefs not
dissimilar from Rapaport and colleagues. Both argued that subtests and aggregate scores not only
represent examinee levels on attributes the instruments were designed to measure, but also could
reveal more subtle attributes or pathologies when examined in conjunction with performances on
other subtests or aggregate scores. The latter, of course, could only be ferreted out by examiners with
the appropriate clinical training to interpret the score profiles.
Kaufman’s (1979, 1994) endorsement of cognitive profile analysis contributed to yet another
resurgence of examining cognitive profiles. The Wechsler tests were very popular (e.g., Kaufman,
Harrison, & Ittenbach, 1990) and the techniques he described had widespread adoption in professional psychology training programs and influenced the work of psychological assessment textbook
authors (e.g., Groth-Marnat, 1984; Sattler, 1982). In fact, the pendulum swung so far that the use of
any scores ostensibly representing g was thought by many to be irrelevant by both psychologists
(National Association of School Psychologists, 1988) and special education teachers (Arter &
Jenkins, 1977). Instead, intelligence tests were viewed as assessing multiple, independent intelligence
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attributes, so their primary use was in enabling clinicians to discern individual profiles of abilities. In
turn, these profiles were believed to contribute to better diagnoses – especially of school-related
psychopathologies – as well as to improvements in the design of interventions to enhance individuals’ functioning (Kehle, Clark, & Jenson, 1993).

4.3. Empirical Findings
Despite the added psychometric sophistication, Kaufman added to conducting cognitive profile
analysis and the renewed emphasis on cognitive profiles in educational settings, the empirical results
were largely disappointing (Watkins, 2003). For example, in a series of meta-analytic type of reviews
Hammill (Hammill & Larsen, 1974; Newcomer & Hammill, 1975) found that Samuel Kirk’s own
approach (i.e., using the ITPA’s “psycholinguistic profiles” to develop differentiated instruction)
lacked empirical support: “there is no support for generalizations which intimate that academic
improvements may be gained by programming for children on the basis of their particular deficits in
psycholinguistic processes” (Newcomer & Hammill, 1975, p. 739). Hammill’s general findings were
replicated by many others across many of instruments (e.g., Cronbach & Snow, 1981; Kavale, 2007;
McDermott, Fantuzzo, Glutting, Watkins, & Baggaley, 1992). The upshot was that a focus on global
ability scores fared much better than a profile focus for individualizing instruction or curriculum
(e.g., Glutting, Youngstrom, Ward, Ward, & Hale, 1997; Watkins & Glutting, 2000).
Given the lack of utility evidence for using cognitive profiles to develop interventions, it is not
surprising that using cognitive profiles largely failed as a method to diagnose school-based psychopathologies. While there may be group differences in score patterns, individual diagnoses could not
reliably be made from them (e.g., Glutting, McDermott, Watkins, Kush, & Konold, 1997; Watkins,
1999, 2003). For example, in their meta-analysis of subtest patterns for identifying SLD, Kavale and
Forness (1984) found, “Regardless of the manner in which WISC subtests were grouped and
regrouped, no recategorization, profile, pattern, or factor cluster emerged as a ‘clinically’ significant
indicator of [SLD]” (p. 150). McDermott et al. (1990) reached a similar conclusion from their review
of the cognitive profiles literature: “there is little to support the belief that many intelligence
constructs are better than one. Until preponderant and convincing evidence shows otherwise, we
are compelled to advise that psychologists just say ‘no’ to subtest analysis” (p. 299). Thus, many
scholars argued that believing cognitive profiles were useful for diagnosis or developing differential
interventions was nothing more than a professional myth (Hirshoren & Kavale, 1976; Macmann &
Barnett, 1997; Watkins, 2000).

5. Integrating Cognitive Profiles and Intelligence Theory
One possible reason for the lack of research systematically supporting the use of cognitive profiles
could be that clinical intelligence instruments were largely developed atheoretically. Although there
were some exceptions (e.g., Woodcock & Johnson, 1989), intelligence theory had minimal influence on
test development and score interpretation prior to the 1990s (Kamphaus et al., 2012). Including an
aggregate Full-Scale type score was a nod to g, but most tests followed the Binet and Wechsler
traditions of not adhering to any specific theory of intelligence – opting instead to focus on clinical
usefulness. Consequently, score interpretation – including cognitive profiles – was largely based on post
hoc and sample-dependent empirical methods (e.g., factor analyses, regression, profile similarity).
The atheoretical approach started to change in the mid-1990s (e.g., Flanagan, McGrew, & Ortiz,
2000; McGrew, 1997). The major shift away from the atheoretical approach started with the
publication of the Cattell-Horn-Carroll (CHC) model of intelligence. McGrew (2005, Woodcock,
McGrew & Mather, 2001) created the CHC model by integrating Gf-Gc with John Carroll’s (1993)
work. Reminiscent of Thurstone, it focuses on broad and narrow abilities while eschewing the
importance of g. Although the CHC model includes a higher-order general attribute somewhat
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akin to g, CHC developers directly encourage clinicians to ignore it if they do not believe it is useful
(Schneider & McGrew, 2012).
Almost immediately after its development, CHC started to have an influence (Alfonso, Flanagan,
& Radwan, 2005; Keith & Reynolds, 2010). Many intelligence instrument authors used CHC (or at
least acknowledged it) in their test development, and clinicians started to use CHC to aid in their
score interpretation.
With the deployment of CHC came a renewed interest in questioning the importance of g and,
instead, focusing on more primary abilities (e.g., Fiorello et al., 2007; Hale, Fiorello, Kavanagh,
Hoeppner, & Gaither, 2001). Moreover, CHC ushered in the popularity of cross-battery assessment
(Flanagan & McGrew, 1997; Flanagan & Ortiz, 2001) as well as the pattern of strengths and
weaknesses approaches to assessing SLD. The tenants of CHC and its impact on the applied
assessment of intelligence are described in more detail in the other articles in this special issue
(Canivez & Youngstrom, 2019; McGill & Dombrowski, 2019).

6. Conclusion
The history of cognitive ability test development and interpretation has been a perpetual dialectic
between the one (i.e., g) and the many (i.e., more primary abilities). While this issue was present with
the Binet instruments, it accelerated in the 1940s after Thurstone published his alternative to Spearman’s
theory, psychoanalytic theory became popular in clinical psychology, and the Wechsler–Bellevue (WB)
was published. This perfect storm of events allowed cognitive profile analysis to proliferate.
Although its popularity would be hard to overstate, cognitive profile analysis has met strong
opposition throughout its existence. This opposition has done little to reduce the popularity of
interpreting clinical profiles, however; instead, it has just led to refinements in the methods and the
populations with whom it is used.
6.1. The Voorhees Phenomenon
Jason Voorhees is a character from the popular Friday the 13th horror franchise who was granted
immortality by screenwriters so that he could re-emerge in sequels ad nauseum. Like this character,
wishful hypotheses regarding cognitive profiles have miraculously survived despite evidence to the
contrary.
The historical, clinical, and philosophical foundations of cognitive profiles have created a resistance
to accepting negative evidence (Kavale, 2007). Clinicians resist such evidence because they are trained
that scores representing primary intellectual attributes are more clinically useful than g. Since most
people should have similar levels on these primary intellectual abilities, deviations from a typical profile
are diagnostically relevant. If the profiles are diagnostically relevant, it then follows that people will
greatly benefit from interventions that are modified to match their individual profiles.
Faust (2007) called the perpetual resistance to accepting negative evidence the position of “never
accept[ing] the null hypothesis in research” (p. 26). Such a position holds that research confirming
a hypothesis can be convincing, but research disconfirming it is not convincing – that is, the null
hypothesis is never accepted. Schneider and Kaufman (2017) provide an example of this position:
We understand that our advocacy of comprehensive cognitive assessments would have more potency if we had
more direct evidence. We and our allies need to acknowledge the imbalance of evidence that exists currently.
To do so is not to admit defeat, … . It is not irrational to believe that comprehensive cognitive assessment is
more beneficial than can be supported by current evidence. (Schneider & Kaufman, 2017, p. 18)

In other words, evidence that Voorhees is alive means he lives; but, evidence that Voorhees is dead
does not mean he does not live.
Much as Voorhees was not laid to rest until additional sequels were no longer profitable, we believe
that interest in cognitive profiles will only fade when they are no longer profitable to those who continue
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to promote their use. Thus, we advise that both researchers and practitioners tentatively accept the null
hypothesis regarding cognitive profiles pending radical changes to measurement instruments that may
reasonably be expected to produce different results. In contrast to historical trends, we hope that
additional interpretative strategies are not promoted by influential personalities and adopted by
practitioners in the absence of sufficient empirical support.
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ABSTRACT

The Cattell-Horn-Carroll (CHC) model presently serves as a blueprint for
both test development and a taxonomy for clinical interpretation of modern tests of cognitive ability. Accordingly, the trend among test publishers
has been toward creating tests that provide users with an ever-increasing
array of scores that comport with CHC. However, an accumulating body of
independent research on modern intelligence tests has questioned many
instruments’ alignment with the CHC model. To shed potential insight on
these discrepancies, we review the developmental history of CHC and its
numerous modifications from 1997 to the present. Next, we identify and
discuss several potential limitations in the CHC literature that may be
responsible for this discrepancy. Finally, we encourage clinicians to consider
the extant evidence currently available for engaging in CHC-inspired assessment applications (e.g., XBA, PSW).

Essentially, all models are wrong, some are useful
Box and Draper (1987, p. 424)

Psychometric theories of intelligence have increasingly played a prominent role in the evolution of
the measurement of intelligence (Beaujean, 2015).1 Over the course of the last century, several
influential psychometric models have been developed by researchers, based largely on the results
furnished by systematic programs of structural research (particularly factor analytic models) on
various datasets of mental tests (Lang, Kersting, & Beauducel, 2016). Due to its ability to shed insight
about the covariation and structuring of variables, factor analysis is particularly well suited for
studying the psychological variables (latent factors) that may account for relations among variables
in cognitive data. The results of these analyses are commonly reported in test technical manuals
because they provide the statistical rational for the scores that are developed for those measures
(Brunner, Nagy, & Wilhelm, 2012; McGill & Dombrowski, 2017).2
A multitude of theories have been cited in the psychometric literature over the last 30 years and
three in particular have had a tremendous influence on modern test development. These include
Horn and Cattell’s Fluid-Crystallized theory (Gf-Gc; 1966), Carroll’s Three-Stratum theory (3S;
1993), and the Cattell-Horn-Carroll model of intelligence (CHC; Schneider & McGrew, 2018).
CHC is presented as a synthesis of Gf-Gc and 3S, and is regarded by many in the assessment
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1
The term intelligence has no technical meaning; we use it out of convenience to denote a class of attributes related to cognitive
functioning, not any particular attribute.
2
Although much of our discussion is focused on the role that factor analysis has played in the development of CHC and other
related psychometric models, we acknowledge that structural fidelity is only one element, albeit an important element, of
psychological theory development (Borsboom, Kievit, Cervone, & Hood, 2009).
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literature (e.g., McGrew, 2009a; Ortiz, 2015; Schneider & Newman, 2015) as the consensus model of
human cognitive abilities.
Despite the pervasive influence of CHC in research and clinical practice, its application to test
construction and clinical assessment has been the subject of criticism (e.g., Frazier & Youngstrom,
2007; Glutting, Watkins, & Youngstrom, 2003) and several scholars have begun to raise additional
questions about the conceptual underpinnings of the model and the utility of its related assessment
procedures (e.g., Beaujean, 2015; Cucina & Howardson, 2017; Dombrowski & Watkins, 2013;
McGill, 2017). These concerns reflect longstanding global disagreements among prominent psychological scholars and have implications for test construction, the clinical assessment of intelligence,
and broader research on the nature of cognitive abilities. To help contextualize these debates, we
outline the origins, evolution, and impact of CHC on clinical assessment. From this, we identify and
discuss several empirical and conceptual limitations within the CHC literature. Overall, the points
highlighted in this article should raise questions and, we hope, promote fruitful discussion among
researchers and practitioners alike regarding the clinical assessment of intelligence and the application of CHC in particular.

1. Factors Influencing the Development and Rise of CHC
According to McGrew (2005), “The CHC theory of intelligence is the tent that houses the two most
prominent psychometric theoretical models of human cognitive abilities” (p. 137) and was the
culmination of a process that began in the early 1990s to develop a consensus taxonomy of cognitive
abilities that, like Mendeleev’s periodic table of elements, could be used to classify all intelligence
tests. Despite its popularity, the exact genesis of CHC has been difficult to discern given conflicting
accounts as to when it was first referenced in the professional literature and the degree to which its
namesakes were invested in its development and dissemination.
To help clarify these matters, we review several factors that appear to have influenced the
development and rise of CHC.
1.1. Gf-Gc Theory
The origins of Gf-Gc theory can be traced to a commentary by Cattell (1943) positing a theoretical
model, derived from Hebb’s theory of intelligence (Brown, 2016), in which intelligence was largely
explained by the interactions between two broad abilities he termed Fluid and Crystallized
Intelligence. Whereas Fluid Intelligence is described as the ability to reason and solve problems
independent of prior knowledge, Crystallized Intelligence is dependent on the storage, retrieval, and
use of knowledge accumulated from environmental experience. Cattell largely neglected the theory
before conducting the first Gf-Gc experimental analysis nearly two decades later. Cattell (1963) factor
analyzed data from a battery of cognitive tasks that were administered to a small sample of schoolaged children and found that each of the tasks loaded primarily on one of the two intelligence
factors. John Horn (1965) made a number of refinements to Gf-Gc theory in his doctoral dissertation
that was chaired by Cattell at the University of Illinois. From a battery of 59 ability and personality
tests, factor analyses revealed the presence of broad ability factors in addition to Fluid Intelligence
(later termed “Fluid Reasoning” [Gf]) and Crystallized Intelligence (later termed “Crystallized
Ability” [Gc]): General Visualization, General Speediness, Facility (F; a forerunner to Long-Term
Retrieval).
For the next 30 years, Horn and colleagues (Horn, 1989; Horn & Cattell, 1966; Horn & Stankov,
1982) engaged in a systematic program of research aimed at identifying and clarifying relationships
among broad abilities. One of the more consequential discoveries in this line of research is evidence
for the differential growth and decline of various abilities over the course of the lifespan (McArdle &
Hofer, 2014). In a substantive review of Gf-Gc theory, Horn and Blankson (2012) suggest that the
accumulated evidence indicates that human abilities can be organized within a higher-order
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structure in which approximately 80 first-order primary mental abilities are explained by
eight second-order abilities. The consensus second-order abilities include: Gc, Gf, Short-Term
Apprehension and Retrieval (SAR), Fluency of Retrieval from Long-Term Storage (TSR),
Processing Speed (Gs), Visual Processing (Gv), Auditory Processing (Ga), and Quantitative
Knowledge (Gq).
Gf-Gc broad abilities are commonly portrayed in test technical manuals and interpretive guidebooks as if they are orthogonal components in the tradition of Thurstone’s (1938) original conceptualization of Primary Mental Abilities, but this is incorrect. Horn and Cattell argued (1982) that
the broad abilities should be modeled as overlapping correlated processes. Horn also maintained
throughout the entirety of his career that g (Spearman, 1904) was likely a statistical artifact and
lacked the requisite properties for measurement invariance. As a result, he never regarded it as
a viable dimension in Gf-Gc theory.
1.1.1. Woodcock-Johnson Psycho-Educational Battery-Revised
The publication of the Woodcock-Johnson Psycho-Educational Battery-Revised (WJ-R; Woodcock
& Johnson, 1989) was a major development for Horn-Cattell theory as it was developed using Gf-Gc
as a theoretical blueprint. Woodcock and Mather (1989) wrote “The battery provides
a comprehensive representation of Horn-Cattell theory adapted to the applied work of psychoeducational diagnosticians” (p. 13). Horn (1991) contributed a chapter reviewing cognitive ability theory
in the WJ-R Technical Manual and the test authors reported that he provided additional advice on
content and technical matters. The organization and content of the WJ-R cognitive subtests is largely
consistent with the descriptions provided by Horn and Blankson (2012) and the battery yields
eight second-order broad ability cluster scores consistent with those Gf-Gc dimensions. At the time
of its publication, the WJ-R was the only commercial ability instrument designed explicitly to align
fully with the Gf-Gc conceptualization of intelligence and it served as a reference instrument for
substantive Gf-Gc and early CHC research throughout the 1990s and early 2000s.
The results of several exploratory and confirmatory factor analyses (CFAs) of the WJ-R are
reported in the Technical Manual (McGrew, Werder, & Woodcock, 1991) and in a supplemental
interpretive handbook (McGrew, 1994). Fit statistics indicate that the Gf-Gc model fits the data
relatively well across the age span and was superior to all of the rival models it was tested against,
including a three-stratum variant with a higher-order general factor. The cognitive subtests aligned
well with their respective factors and the patterns of loadings suggested that the subtests were best
explained by seven first-order broad abilities (Long-Term Retrieval [Glr], Short-Term Memory
[Gsm], Processing Speed, Auditory Processing, Visual Processing, Gc, and Gf). Additional analyses,
incorporating several math subtests from the WJ-R achievement battery, indicated the presence of
a Quantitative Knowledge factor. Later, Woodcock (1998) argued for adding a Reading-Writing
factor (Grw) to the extended Gf-Gc model. This dimension, however, was not identified by Horn or
Cattell in any of their seminal Gf-Gc publications or in a substantive review by Stankov (2000).
1.2. 3S Model
In a watershed moment for the study of individual differences, Carroll (1993) published his magnum
opus Human Cognitive Abilities: A Survey of Factor-Analytic Studies, reporting the results of more
than a decade’s worth of work analyzing 480 cognitive datasets. As described by Carroll, “My
intention has been simply to present what was in my opinion the most accurate, reasonable, and
consistent picture of the total domain of cognitive abilities” (p. viii). For each dataset, Carroll
employed exploratory factor analytic (EFA) procedures: oblique rotation of the principal factor
matrices, followed by application of the Schmid-Leiman procedure (SL; 1957).3 The use of the SL
3

Carroll also used a variety of quantitative criteria to determine the number of factors to extract in EFA, a practice not commonly
employed at the time.
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transformation evinces an important theoretical and methodological distinction between Carroll and
Horn-Cattell. According to Carroll (1993, 1995), all cognitive variables are multidimensional insofar
as they are influenced simultaneously by an array of abilities at higher- and lower-strata, and failing
to model the variables’ variances appropriately can result in interpretive confusion of factor analytic
solutions. According to Carretta and Ree (2001),
When rotation occurs, the variance associated with [g] seems to disappear, but in reality, it has become the
dominant source of variance in the now rotated factors. Thus, these other factors become g plus something else.
However, it is usually the ‘something else’ that determines the label for the factor, while the general component
is not acknowledged (p. 332).

As a variance apportionment procedure, SL helps to make these distinctions clearer (Wolff &
Preising, 2005).
Carroll (1993) organized his results by domain and proposed the 3S model, which differentiates
abilities as a function of their breadth. The most general ability resides at the apex of the model at
Stratum III and is considered to be a general factor conceptually similar to g.4 The next level
(Stratum II) contains eight broad abilities similar to the second-order abilities posited by HornCattell: Gf, Gc, Auditory Processing, Processing Speed, General Memory and Learning (Gy), Broad
Visual Perception, Broad Retrieval Ability (Gr), and Decision Speed (Gt). Finally, at the base of the
model (Stratum I) are approximately 70 narrow abilities that are organized according to their
mapping onto the Stratum II dimensions.

1.3. Cross-Battery Assessment: Reconciling Carroll and Horn-Cattell
An event that is often overlooked in the development of CHC is the birth of cross-battery assessment
in the psychoeducational assessment literature and can be traced to Woodcock’s (1990) call for
clinicians to consider “crossing” batteries to obtain purer measures of relevant Gf-Gc attributes. At
that time, the WJ-R was the only clinical battery available that provided measurements for all known
Gf-Gc abilities. Examiners using other instruments (e.g., Wechsler Scales) who wished to assess all
the Gf-Gc constructs needed to supplement their batteries with measures from other tests. Woodcock
reported the results of several conjoint CFA analyses featuring the WJ-R and other commercial
ability measures and argued that the results provided a roadmap for the development of a crossbattery assessment system based on Horn-Cattell theory that could be applied to all intelligence tests.
At the same time, it was clear that Carroll and Horn both regarded their models as competing
theories (e.g., Carroll, 1996, 2003). Thus, in order for cross-battery assessment (XBA) to flourish,
proponents of these methods would have to endorse one model at the expense of the other or
construct a unified framework reconciling the two approaches.
1.3.1. Integrated Gf-Gc
McGrew (1997) proposed what he described as a synthesized Carroll and Horn-Cattell Gf-Gc
framework, the first in a series of integrated models that would eventually become CHC. Beyond
ascertaining whether a general factor of intelligence was viable, a number of other issues needed to
be resolved in reconciling 3S and Gf-Gc. These included the assignment of several narrow abilities to
broad factors, clarifying the conceptualization of broad memory abilities, adopting a standard
nomenclature to be used across tests, and determining whether it made sense to retain certain
academic factors at Stratum II.
Carroll (1993) did not believe that Quantitative Knowledge was a viable broad ability noting
“‘Mathematical ability,’ therefore, must be regarded as an inexact, unanalyzed, popular concept that
has no scientific meaning unless it is referred to the structure of abilities that compose it. It cannot
Carroll’s (1993) original analysis precluded actually measuring g, but later clarified that he intended for the Stratum III attribute to
be g (Carroll, 1996).
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be expected to constitute a higher-level ability.” (p. 627). Whereas Quantitative Reasoning was
regarded in 3S as a narrow dimension subsumed within Gf, Horn (1989) identified Quantitative
Knowledge as a Stratum II dimension. Similarly, although a conjoint Reading-Writing factor was
posited as a potential broad ability by Woodcock (1998), Carroll located reading and writing
variables as narrow abilities under Gc. To resolve these issues, McGrew (1997) reported the results
of a CFA using the WJ-R normative data. Several models were examined including one which closely
approximated Carroll’s assignment of variables in 3S along with competing models, gradually
implementing the assignment of indicators based on various configurations of Horn-Cattell theory.
The final model, consistent with virtually all aspects of extended Gf-Gc theory, yielded the best fit to
the data.
Next, a standardized taxonomy of broad and narrow abilities was outlined based primarily on the
results of three WJ-R cross-battery CFAs (Flanagan & McGrew, 1998; McGhee, 1993; Woodcock,
1990). This taxonomy was then applied to classify tests from several commercial ability measures to
illustrate potential XBA applications that were described in more detail in a complementary chapter
by Flanagan and McGrew (1997). Following these developments, McGrew and colleagues (McGrew
& Flanagan, 1998) published The Intelligence Test Desk Reference (ITDR) which outlined a formal
system of XBA using an integrated Gf-Gc framework as well as a related handbook for the Wechsler
Intelligence Scales (Flanagan, McGrew, & Ortiz, 2000).
Curiously, despite noting the influence of Carroll, a general factor was not modeled or accounted
for in any of the early fusion model studies or chapters. Accordingly, McGrew (1997) stated, “No
attempt was made to resolve the existence of a g factor, a long standing theoretical debate that does
not bear directly on the purpose of this chapter” (p. 153). Going a step further, McGrew and
Flanagan (1998) suggested that g had no practical value for clinical assessment, yet, stipulated that
“the exclusion of g does not mean that the integrated model does not subscribe to a separate general
human ability or that g does not exist” (p. 14).
1.4. Cattell-Horn-Carroll (CHC) Theory
It is difficult to discern when the integrated Gf-Gc framework officially became CHC. There have
been numerous references to a meeting that took place sometime in 1999 that resulted in an
informal CHC branding. The first references to CHC that can be located in the empirical literature
are a pair of articles that were published in 2000 (Flanagan, 2000; Kranzler, Keith, & Flanagan, 2000).
For example, in an independent CFA of the Cognitive Assessment System by Kranzler et al. (2000)
the authors invoke the term “the Cattell-Horn-Carroll (CHC) Theory of Cognitive Abilities” (p. 144)
with no attributing citation. It has also been sourced by McGrew (2005) to the Wechsler Gf-Gc text
by Flanagan et al. (2000) and in other publications (e.g. Ortiz, 2015) to the WJ-III Technical Manual
(McGrew & Woodcock, 2001). Nevertheless, the publication of the WJ-III (Woodcock, McGrew, &
Mather, 2001) was a pivotal moment in the rise of CHC as the instrument was revised explicitly to
comport with that model. CFA evidence in the technical manual supported a three-stratum model,
with a general factor at the apex, followed by nine broad abilities, and several narrow intermediary
dimensions. A standalone XBA handbook predicated on CHC was also published that same year
(Flanagan & Ortiz, 2001), ushering the CHC era into existence.
Conceptually, CHC is portrayed as a three-stratum model (i.e., 3S) borrowing much of the
terminology and organization of broad and narrow abilities at Stratums I and II proposed by
McGrew (1997). Elaborations and revisions to the model are described in a series of chapters
authored by McGrew (2005) and Schneider and McGrew (2012) that are regarded as citation
classics in the field (556 and 394 citations respectively [Google Scholar on May 18, 2018]). The
majority of these refinements have been focused on modifying the operational definitions of
various abilities, expanding the number of attributes in Stratum I and II, and speculating on
potential reconciliation of CHC with other theories emanating from the cognitive neuroscience
literature.
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2. Impact of CHC on Clinical Assessment
At the time of its publication, the WJ III was the only commercial ability measure designed to align
with the CHC model; although subsequently a number of tests have been revised using CHC as
a blueprint, the WJ-III/WJ-IV remains the only individually administered cognitive test to yield
scores for the Stratum II broad abilities (Gc, Gf, Visual Processing, Auditory Processing, Short-Term
Memory, Long-Term Retrieval, Processing Speed, Quantitative Knowledge, and Reading-Writing)
that are most commonly referenced in the CHC literature. As illustrated in Figure 1, there are now
six comprehensive intelligence tests that have been revised and now yield scores consistent with
CHC. The publication of the Wechsler Intelligence Scale for Children-Fifth Edition (Wechsler, 2014)
is particularly noteworthy as it is the first variant of the vaunted Wechsler Scales to explicitly
incorporate a CHC inspired factor structure.
Although prominent CHC chapters and commentaries (e.g., McGrew, 2005, 2009a; Schneider &
McGrew, 2012) continue to cite large quantities of extended Gf-Gc, 3S, and early integrated Gf-Gc
studies as empirical support for CHC, a theory-specific research program has emerged over the
course of the last 15 years. Like its predecessor, the WJ III and WJ IV have served as the preeminent
reference instrument for the preponderance of this research and the subsequent refinements that
have been made to the taxonomy. For example, Taub and McGrew (2014) conducted a CFA with
participants from the WJ III normative sample and found evidence to support the presence of
a series of intermediary factors consistent with the Cognitive Performance Model (CPM) described
by Woodcock (1998). McGrew and colleagues have also posited a number of possible extensions and
theoretical refinements to the CHC model in a series of white papers reporting the results of
literature reviews and internal validation studies (e.g., McGrew, 2009b; McGrew & Evans, 2004).
Additionally, a series of studies have been conducted examining CHC cognitive-achievement relations over the lifespan (McGrew & Wendling, 2010) and several conjoint CFAs with other instruments have been reported (e.g., Keith & Reynolds, 2010).
Since 2001, references to CHC in the empirical literature have risen dramatically over the course
of 15 years. As illustrated in Figure 2, results from a Web of Science search indicate that as of 2016
there were approximately 400 references per year to CHC in the professional literature, and the slope
of the yield line portends that the number will continue to grow steeply in the coming years. For
example, Pesta’s (2018) bibliometric analysis of the journal Intelligence found that McGrew’s (2009a)
CHC editorial was the most cited article over an eight-year span (2008–2015).

Figure 1. Evolution of major commercial ability measures incorporating Cattell-Horn-Carroll (CHC) inspired factor structures.
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Figure 2. Cattell-Horn-Carroll (CHC) citations from 2000–2016 (Web of Science: July 10, 2017).

A panoply of CHC inspired interpretive systems and products have been developed over the last
twenty years that now are widely disseminated in books, chapters, and workshops devoted to clinical
assessment. These include the most recent iterations of XBA (Flanagan, Ortiz, & Alfonso, 2013), the
Culture-Language Interpretive Matrix (C-LIM; Ortiz, Melo, & Terzulli, 2018), and multiple diagnostic schemes for the identification of specific learning disability based on patterns of performance
on CHC indicators (e.g., Flanagan et al., 2018; Schultz & Stephens, 2015). By any measure CHC has
had a substantial impact on assessment training and practice over a relatively short time span.

3. Potential Limitations Identified in the CHC Assessment Literature
Although CHC has been characterized as “the most comprehensive and empirically supported
psychometric theory of the structure of cognitive and achievement abilities” (McGrew, 2005,
p. 185), Horn and Blankson (2012) presciently noted that, “All scientific theory is wrong. It is the
job of science to improve theory” (p. 73). In spite of this caveat, CHC has been uncritically accepted
in many assessment circles. For example, some of the first independent exploratory investigations of
CHC (i.e., Dombrowski, 2013; Dombrowski & Watkins, 2013) did not come about until a full decade
after the WJ-III was published, and were one of the first times that the veracity of CHC was directly
called into question.
In the following section we identify and describe a series of provisional limitations (see Table 1
for a summary) identified in the CHC literature. Whereas some of these concerns are elements that
are drawn from the evidence-based practice literature (e.g., Lilienfeld, Ammirati, & David, 2012),
others relate to more focal concerns with the quality of the psychometric evidence furnished to
support the use of CHC in clinical practice.
Table 1. List of provisional empirical and conceptual limitations identified in the Cattell-Horn-Carroll (CHC) literature.
(1) Use of various iterations of the Woodcock-Johnson to advance CHC and the inherent circularity between the instrument and
the theory.
(2) Strong inference and the use of factor analysis to build elaborate theories.
(3) Absence of connectivity in the CHC literature.
(4) Clinical utility and cost-benefit associated with CHC clinical applications.
(5) Evidential quality of the CHC literature and the forums in which it is disseminated.
(6) Wherefore art thou Carroll?
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(1) Given the pivotal role that various iterations of the WJ battery have played in the development
and subsequent refinements to CHC as well as its progenitors (e.g., extended/integrated Gf-Gc), there
may be an element of circularity in this line of research wherein the model is used initially to develop
the test and then the test is used as the primary vehicle for further elaborating on the model. For
example, the WJ-R was the focus of a CFA conducted by McGrew (1997) that was instrumental in
resolving the substantive theoretical differences that beget the integrated Gf-Gc taxonomy. In doing
so, virtually all of Carroll’s descriptions in 3S that diverged from Gf-Gc theory were dismissed. Given
the alignment of the WJ-R with extended Horn-Cattell theory, however, use of that instrument for
these purposes can be regarded as a kind of psychometric tautology – akin to using the same data to
build a model and then test its validity. The same argument can be made for the use of the WJ-III
/WJ-IV for CHC research. Although this limitation has been acknowledged by some proponents of
CHC (e.g., Keith & Reynolds, 2010), and efforts have been made to include additional batteries in
recent cross-battery CFAs (e.g., Reynolds, Keith, Flanagan, & Alfonso, 2013), the vast majority of
internal and external CHC validation projects continue to utilize the WJ.
Proposed Remedy: Utilize large scale, publicly available datasets of intelligence tests (e.g., Johnson & Bouchard,
2011) as the focal point for validating and extending CHC in the future.

(2) Factor analysis can be a useful technique for theory building and it is used widely in the CHC
literature. Nonetheless, many of the CFA investigations that are cited as being instrumental in the
development of CHC suffer from substantive methodological limitations, giving rise to concerns
about the empirical foundations of CHC. These include (a) consistent use of small unrepresentative
samples resulting in insufficient power (e.g., McGhee & Lieberman, 1994), (b) retention of models
despite encountering issues with global and local fit (e.g., Flanagan & McGrew, 1998; McGhee, 1993;
Tusing & Ford, 2004; Woodcock, 1990), (c) failing to examine plausible rival models, (d) focusing
only on inter-individual differences (e.g., Gomes, de Arújo, Ferreira, & Golino, 2014) and (e)
imposing post-hoc model adjustments in order to get preferred solutions to work. For example,
McGhee (1993) examined the potential Gf-Gc alignment of 31 tests from different batteries in
a sample of 100 school-aged children. The fit indices (Goodness of fit index [GFI] and the adjusted
GFI) for the retained Gf-Gc model were .68 and .61 respectively.5 These values fall well below
established standards for acceptable model fit (Shevlin & Miles, 1998). Furthermore, the inadequate
sample size to variable ratio (N:p = 3.12) suggest that these results are unlikely to replicate (DiStefano
& Hess, 2005). In a subsequent investigation (McGhee, Buckhalt, & Phillips, 1994), application of
a similar model using many of the same measures produced a Heywood case indicating an
impermissible solution for the data.
To be fair, there have been a number of CFA studies in which a CHC structure has been found to
fit various datasets well6 (see Schneider & McGrew, 2012). Adequate fit indices, alone, cannot
confirm a model as the tenability of a preferred model can only be ascertained when other plausible
rival models have been explored and found wanting (Lewis, 2017). In one of the most substantive
CHC investigations to date, Reynolds et al. (2013) conducted a cross-battery CFA featuring five
different cognitive tests. Multiple CHC measurement models were explored with each configuration
showing good fit to the data, but no rival non-CHC models were explored. Thus, the situation was
designed for researchers to “confirm” a priori preferred models (Ropovik, 2015). Interestingly, it was
noted that future research examining alternative models such as the VPR model would be
5

Identification of this model was only possible after using modification indices to impose a series of post-hoc model tweaks, none
of which were specified a priori. Although this is a common practice in the CHC literature, it has been regarded as equivalent to
hypothesizing after results are known (i.e., HARKing; Cucina & Byle, 2017). According to Meehl (1978), all post-hoc specification
searches automatically become exploratory studies, so are best used for theory generation rather than theory confirmation.
6
We were able to replicate Carroll’s (2003) factor analytic results of the WJ-R supporting an eight-factor structure consistent with
Horn-Cattell theory using EFA procedures for approximating a bifactor structure in R (https://osf.io/vfbyx/). Analyses indicate that
Quantitative Knowledge, Gc, and Gf were found to have interpretive relevance beyond g. Thus, we agree with Carroll (1993),
Carroll (2003) that existing evidence supports the presence of a general intelligence factor and an as yet undetermined number
of broad abilities.
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instructive. The VPR (verbal-perceptual-image rotation) is a more parsimonious model of abilities
based on Vernon’s (1950) original hierarchical model that has been found to fit several large samples
of cognitive data better than the CHC model (Major, Johnson, & Deary, 2012). Although these
findings have been acknowledged in some CHC writings (e.g., McGrew, 2009a), relevant explorations of the VPR model remain noticeably absent in this literature.
Although the results furnished by cross-battery CFAs are frequently invoked to support the validity
of CHC, these results must be reconciled with the accumulating body of independent factor analytic
research calling into question the structural validity and alignment of many modern intelligence tests
with CHC (Canivez & Youngstrom, 2019). Several of these investigations involve the WJ-III and WJ-IV
(e.g., Dombrowski, 2013; Dombrowski, McGill, & Canivez, 2017, 2018; Dombrowski & Watkins, 2013).
For example, in a recent CFA of the WJ-IV, Dombrowski et al. (2018) used EFA to guide their CFA and
found that a four-factor structure – one that was not consistent with CHC – provided the best fit to the
WJ-IV normative data. Of concern, attempts to specify the seven-factor CHC solution posited by the
test publisher resulted in a series of model specification errors indicating that solution is not tenable for
what is regarded as the preeminent reference instrument for the model.
Whether the inability to locate posited CHC dimensions is due to underlying issues with the
model or merely reflects local measurement problems with specific instruments has yet to be
determined. For this to be determined, however, will require a moving beyond using omnibus
taxonomies to classify tests.
If we simply list the tests or traits which have been shown to be saturated with the “factor” or which belong to
the cluster, no construct is employed. As soon as we even summarize the properties of this group of indicators –
we are already making some guesses. Intensional characterization of a domain is hazardous since it selects
(abstracts) properties and implies that new tests sharing those properties will behave as do the known tests in
the cluster (Cronbach & Meehl, 1955, p. 292).

Instead, it will require using a variety of methods looking purposefully to disconfirm the CHC model
(Cattell, 1988).
From a different angle, the replication crisis in scientific psychology has illustrated the need for
reevaluating the evidence-base for widely accepted theories and recommended applications of those
theories. Since its publication, Carroll’s (1993) work has been regarded in the psychometric canon as
almost beyond reproach. Yet, this was not how Carroll (1998) viewed his study; he conceded that his
methods for classifying several thousand token factors was akin to a qualitative meta-analysis and
“inevitably entailed a considerable degree of subjectivity” (p. 8). Further, he acknowledged that future
research would likely reveal “errors of commission and omission” (Carroll, 1997, p. 128) and that the
structure he identified inevitably would become more parsimonious once the importance and relevance
of the various abilities it specified became clear. His prognostication seems to have been correct. Benson,
Beaujean, McGill, and Dombrowski (2018) re-analyzed several datasets from Carroll’s (1993) survey
using CFA procedures and found that Carroll likely extracted too many factors representing Stratum II
abilities; virtually all of the identified broad abilities had no interpretive relevance beyond g.
Proposed Remedy 2.1: Include plausible rival models (e.g., bifactor, VPR) in CHC factor studies (e.g., Reynolds
& Keith, 2017).
Proposed Remedy 2.2: Reexamine seminal CHC datasets to determine whether previously published results
can be replicated.
Proposed Remedy 2.3: Move beyond studying inter-individual variability to see if the same attributes are found
in other types of experiments (e.g., Molenaar & Campbell, 2009).

(3) One of the core features of developed sciences is “connectivity” in which claims build on or
connect with prior research. To a large extent, CHC exhibits many of the characteristics of
a developed science. For example, McGrew (2005) systematically described the theoretical lineage
of CHC within the context of previous research. At the same time, however, an amalgam of loosely
connected constructs and refinements (e.g., correlated residual terms between various broad
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abilities) have also been postulated in CHC models over the course of the last decade and the degree
to which these refinements are incorporated in subsequent research has been inconsistent. Although
Taub and McGrew (2014) found that an alternative CHC structure with intermediary factors best fit
the WJ-III normative data, this model does not appear to have been explicated in any meaningful
way since. Numerous other elements have been added to the taxonomy based on the results of
isolated factor analytic studies using different configurations of variables and some elements seem to
emerge out of thin air. For example, in the most recent iteration of XBA, Flanagan et al. (2013)
discuss the practical value of partitioning Broad Reading-Writing into distinct reading and writing
factors even though this separation has yet to be validated empirically. Horn (1967) argued long ago
against retaining factors solely for their practical value.
Additionally, the way in which CHC indicators are described and aligned in the literature is not
consistent. For example, in the XBA system, several measures of mathematics achievement are
speculated to align with a narrow Quantitative Reasoning (RQ) ability within Gf. Yet, measures
with similar content have been used predominately to identify Quantitative Knowledge in the factor
analytic literature (e.g., Woodcock, 1998). As a result, Carroll’s (1993) reservations about the veracity
of a Quantitative Knowledge factor appear to be apt.
Proposed Remedy: Establish consensus guidelines for the identification of constructs and elaborations to the
CHC taxonomy (e.g., Schneider, Mayer, & Newman, 2016).

(4) The trend among test publishers has been toward creating tests that provide users with an everincreasing array of scores that ostensibly comport with CHC, which increases the time and cost of
assessing intelligence in clinical practice (Frazier & Youngstrom, 2007; Williams & Miciak, 2018).
Empirical evidence for the utility of various CHC clinical applications is less than compelling, however,
and the results of several investigations indicate that use of CHC-derived diagnostic and interpretive
procedures is potentially contraindicated (e.g., Kranzler, Floyd, Benson, Zaboski, & Thibodaux, 2016;
Schneider & McGrew, 2011; Stuebing, Fletcher, Branum-Martin, & Francis, 2012; Styck & Watkins,
2013). Many researchers contend that these results may be due to the paltry interpretive relevance and
incremental validity of many CHC derived indices (e.g., Beaujean & Benson, 2018; Benson, Kranzler, &
Floyd, 2016; Watkins, 2017). Unfortunately, this body of evidence is rarely disclosed in the CHC
literature (Dombrowski et al., 2017).
Proposed Remedy: Disclose all relevant literature in empirical studies, manuscripts, and presentations detailing
CHC clinical applications.

(5) Proponents of the CHC framework make regular contributions to the peer reviewed literature;
still, non-empirical books, chapters, commentaries, internet posts, and workshop proceedings are
increasingly becoming the primary means for disseminating refinements to CHC. In many of these
forums, unpublished data and personal communications are cited to support the empirical and
conceptual underpinnings of the taxonomy. Of particular concern is the role that a series of nonrefereed white papers reporting results of internal validation studies and ad hoc literature reviews,
run by a small cadre of researchers, appears to have played in more recent iterations of the model
(e.g., McGrew, 2009b; McGrew & Evans, 2004). This insularity and evasion of peer review raise
concern about potential allegiance effects (Lilienfeld & Jones, 2008).
Relatedly, various depictions of the circumstances surrounding the seminal 1999 branding meeting raise questions about the potential role that commercial interests may have played in the rise of
CHC. Based on available reports (Kaufman, 2009; McGrew, 2005), it appears that the meeting was
arranged and attended by several commercial test authors and staff members of a prominent test
publisher.
Talk about the tail wagging the dog! What had begun back in the late 1970s and early 1980s as a search for the
best theories on which to build an IQ test had come full circle: Two decades later, the needs of test publishers
and test authors forged the theory that underlies almost all current-day IQ tests (Kaufman, 2009, p. 99,
emphasis added).
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The important role that the Woodcock-Johnson and XBA played in the decade long development of
the CHC taxonomy further buttress this concern.
Proposed Remedy 5.1: Encourage pre-registration of empirical CHC investigations.
Proposed Remedy 5.2: Adopt a “many labs” framework in which investigators with different viewpoints –
hopefully some of which have no financial conflicts of interest – conduct similar investigations simultaneously
and agree to share results in open source venues.
Proposed remedy 5.3: Disclose all information needed for the independent replication of CHC studies
irrespective of the medium published (e.g., peer-reviewed outlets, white papers, internet posts, technical
manuals).

(6) Although Carroll’s name is invoked frequently in CHC writings, it is difficult to locate much, if
any, of his influence in modern CHC incarnations. Virtually all of Carroll’s conceptualizations of
broad and narrow abilities were excised in favor of Horn-Cattell theory when creating the Gf-Gc
integrated model and the relevance of g has been a source of vigorous debate since the birth of CHC.
Numerous depictions of the CHC structure omit a Stratum III general factor and its relevance has
been questioned in seminal CHC writings (e.g., Schneider & McGrew, 2012).7 Many CHC factor
analytic investigations continue to employ correlated factors models (e.g., Jewsbury, Bowden, &
Duff, 2017), which omit a general factor altogether and its effects have been accounted for inconsistently in other CHC investigations.8 Cucina and Howardson (2017) speculated that these vacillations may be an attempt to promote broad ability interpretation at the expense of g, illustrating well
the pervasive influence of Horn-Cattell (Beaujean & Benson, 2019).
Indeed, an important element that is missing in CHC but present in Carroll’s work is the incorporation of the
magnitude of the unique factor loadings. Under the Three Stratum Theory, the magnitude of the nong loadings is low and this is made quite clear. We are unaware of any CHC publications that recognize these
low magnitudes (p. 1013).

Carroll (1993, 1996) regarded the status of g to be the most salient distinction between 3S and HornCattell theory and he argued vigorously for the existence of g in much of his published work. In his
last publication, Carroll (2003) noted that his position on this issue was not reconcilable with Horn’s
views on the matter. As a result, the degree to which he was invested in the development of CHC can
be questioned. Whereas Carroll (2003) acknowledged what he termed “a so-called CHC (CattellHorn-Carroll) theory of cognitive abilities” he further elaborated that he was “not sure what caused
or motivated it” (p. 18). Additionally, there is a published footnote (McGrew, 2005, p.174 [11])
detailing a private conversation in which Carroll noted that the CHC umbrella did not reflect his
agreement with Horn on various aspects of the structure of intelligence, a position that he planned to
make clear in a future publication that was not completed.
It is true that Carroll (1993) noted that Horn-Cattell theory “appears to offer the most wellfounded and reasonable approach to an acceptable theory of the structure of cognitive abilities,” (p.
62), and this quote is featured in many CHC writings. However, the way in which it is invoked is
somewhat misleading. This comment is extracted from a chapter surveying historical foundations of
intelligence theory prior to Carroll’s depiction of his model. A full reading of the passage makes this
and his reservations about Horn-Cattell theory clear since the sentence following the previous quote
is “The major reservation I would make about it is that it appears not to provide for a third-order
g factor to account for correlations among the broad second-order factors.” Further, it is worth
mentioning that Carroll analyzed several Gf-Gc datasets, compared 3S to competing models that
included Gf-Gc, and indicated that he viewed his model as an extension and elaboration of
Spearman’s (1927a, 1927b) in his survey.
7

More recently, Schneider and McGrew (2018) argue that a general factor exists but that it is likely not an ability.
Although authors identify these models as “CHC models”, they are virtually identical to those identified in extended Gf-Gc
research.

8
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I find myself in agreement with much of Spearman’s thinking, as expressed in his various works … Spearman’s
work can be viewed as contributing a glorious and honorable first approximation to the true structure of
cognitive abilities-an approximation that in many ways has stood the test of time, but that contrarily, has over
the years since then been shown to be grossly inadequate. (Carroll, 1996, pp. 1, 5)

Thus, it is clear that 3S was intended to extend Spearman’s work and supplant Gf-Gc theory; the fact
that Carroll continued to promote and reference 3S well into the CHC era is compelling.
Proposed Remedy: Recognize that important aspects of 3S and Gf-Gc theory are potentially irreconcilable and
that the parameters of CHC are more consistent with the latter rather than the former.

4. Conclusion
There are many positives associated with CHC taxonomy. Namely, it has provided practitioners and
researchers with a relatively standard nomenclature for discussing cognitive abilities. Although
advancing CHC is a desideratum of many assessment professionals, the potential limitations
identified in the present review will likely have to be overcome in order for CHC to realize its
potential as a viable theory.
We suggest that the process by which it was conceptualized and developed was more akin to
a clash of divergent theoretical viewpoints (Canivez & Youngstrom, 2019). Carroll and Horn-Cattell
cater to different epistemological traditions challenging their reconciliation (Beaujean & Benson,
2019). To that end, we have proposed several potential remedies that we believe merit consideration,
and, hopefully, will aid in the development of future studies.
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ABSTRACT

The Cattell-Horn-Carroll (CHC) taxonomy of cognitive abilities married John
Horn and Raymond Cattell’s Extended Gf-Gc theory with John Carroll’s
Three-Stratum Theory. While there are some similarities in arrangements
or classifications of tasks (observed variables) within similar broad or narrow
dimensions, other salient theoretical features and statistical methods used
for examining and supporting them are in direct opposition. In this article,
the theoretical disagreements between Carroll and Cattell-Horn and theoretical incongruencies between their models are delineated, which raises
substantive challenges to CHC. Additionally, there are practical and substantial measurement obstacles that further threaten practical application of
CHC. We conclude that the problems are due to some fundamental differences that likely will not change, so call for an annulment of this arranged
but unhappy marriage.

Authors and publishers of most major contemporary tests of intelligence claim alignment with the
Cattell-Horn-Carroll (CHC) model of cognitive abilities in test development, revision, and in score
interpretations (c.f., Elliott, 2007a; 2007b; Kaufman & Kaufman, 2004; McGrew & Woodcock, 2001;
McGrew, LaForte, & Schrank, 2014; Roid, 2003a; 2003b; Schrank, McGrew, & Mather, 2014a; 2014b;
Wechsler, 2014a; 2014b).1 The CHC model quickly became popular without much critical appraisal,
although some pointed out some inherent problems with it – particularly its application in crossbattery assessment (Glutting, Watkins, & Youngstrom, 2003). CHC was first referred to as
a taxonomy for classifying subtests or tasks into broad categories or factors, and often narrow
abilities assignments were based on “logical or expert-consensus” (McGrew, 2014). However, now it
is commonly referred to as a theory, not a taxonomy (McGrew & Woodcock, 2001; Schneider &
McGrew, 2012); although Deary (2001) would disagree and refer to it as a taxonomy. Many
inferences about subtest and composite scores from contemporary intelligence tests might appear
to be in line with a CHC model, but there are considerable psychometric problems involved in
interpreting scores in a CHC framework that are not adequately (or at all) addressed in test technical
or interpretive manuals (e.g., Elliott, 2007b; McGrew et al., 2014; McGrew & Woodcock, 2001;
Wechsler, 2014b).
Most modern intelligence tests follow Wechsler’s design of his Bellevue test. They require samples
of a wide variety of behaviors and produce multiple scores to interpret, with the overarching goal to
aid in clinical decision-making instead of the measurement of psychological attributes. While many
tests contain a score representing average performance across the tasks, the suggested interpretive
practices deemphasize the role of any score representing g (Spearman, 1927, 1931) in favor of broad
CONTACT Gary L. Canivez
glcanivez@eiu.edu
Psychology, Eastern Illinois University, 600 Lincoln Avenue, Charleston, IL
61920, USA
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/hame.
1
We use the term intelligence throughout this article to refer to the class of attributes within the general domain of cognitive
ability, not any particular attribute within that domain.
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or narrow ability scores as well as ipsative comparisons or profile examinations (i.e., strengths/
weaknesses).
For example, McGrew and Flanagan (1998) wrote that score interpretations should focus on
“unique Gf-Gc pattern of abilities of individuals that in turn can be related to important occupational
and achievement outcomes and other human traits,” and purposefully eschewed anything related to
g because it “has little practical relevance to cross-battery assessment and interpretation” (p. 14).
Moreover, “a global composite intelligence test score is at odds with the underlying Gf-Gc crossbattery philosophy” (p. 382) and the focus on cognitive profiles “uncovers the individual skills and
abilities that are more diagnostic of learning and problem-solving processes than a global IQ score”
(p. 383). The McGrew and Flanagan appeal to “prominent psychological assessment spokespersons,”
Kaufman and Lezak, and “beliefs” about the utility of “lower levels (viz., stratum I and II Gf-Gc
abilities)” (p. 382) also denied g from the very beginning.
CHC-based interpretive approaches emphasize broad abilities over a global score (i.e., WJ IV
GIA, WISC-V FSIQ). Appeal to theoretical association of interpretive practices is inadequate. Such
association with CHC is not, ipso facto, evidence for the scores’ validity or, more importantly,
diagnostic and treatment utility. McGill and Dombrowski (2019) described CHC theory as
a combination or marriage of Horn and Cattell’s Extended Gf-Gc theory (E Gf-Gc; Horn &
Blankson, 2005; Horn & Noll, 1997) and Carroll’s Three-Stratum Theory (3S; Carroll, 1993).
There is similarity in arrangement or classification of subtest tasks within similar broad abilities,
but that appears to be the main – and perhaps only – line of congruence; other salient theoretical
features are in direct opposition, and there is discordance in the statistical methods that have been
used to evaluate the models.
Horn and Blankson (2005) famously wrote “the extended theory of fluid and crystallized (Gf and
Gc) cognitive abilities is wrong” because “all scientific theory is wrong” (p. 41). While this is
undoubtedly true, some theories may be more wrong than others. Although there are theoretical
aspects of intelligence that are interesting and important, there are also practical aspects of intellectual assessment with our present tests that may not adequately capture the underlying attributes. It is
one thing to assert that a test follows a model, but it something entirely different to examine if data
conform to strong predictions from the model (Roberts & Pashler, 2000). Also crucial are examinations of the reliability, validity, and diagnostic and treatment utility. To that end, in this article, we
examine the evidence included in major test technical manuals claiming CHC support as well as
independent analyses of standardization sample data challenging the overly optimistic conclusions
offered by the test publishers for what their tests are measuring. In addition, we also include a review
of relevant research challenging the reliability, validity, and utility of CHC-based interpretive
practices.

1. Theoretical Relations of Horn-Cattell and Carroll
Horn denied the existence of g, referring to it as an artifact of positive manifold and factor analysis.
The Horn-Cattell Extended Gf-Gc theory (Horn & Blankson, 2005; Horn & Noll, 1997) included
eight broad ability factors (Gc, Gf, Gsm, Glm, Gs, Gv, Ga, Gq), but did not include a dimension
related to g, despite the substantial covariance among the eight broad factors (see Figure 1). Thus,
Gc
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General Information
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Figure 1. Horn-Cattell extended Gf-Gc theory.
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Figure 2. Higher-order representation of Carroll’s three-stratum theory.

the Horn-Cattell theory is similar in structure and conceptualization to Thurstone’s (1938) Primary
Mental Abilities, although Gf-Gc attributes are broader than Thurstone’s (Horn, 1991).
Carroll (1993), in his re-analyses of hundreds of data sets described a model that included broad
ability factors (Stratum II) similar to Horn-Cattell, but also included the g dimension (Stratum III).
While most representations of Carroll’s theoretical structure present it as a higher-order structure
with a general factor at the apex (Figure 2), this is not what Carroll intended. Instead, Carroll (1996)
noted that his model was largely just an extension of Spearman’s two-factor model, similar to a bifactor structure (Holzinger & Swineford, 1937) where g and the broad abilities have direct and
simultaneous influences on cognitive tasks (see Figure 3) and are at the same level of inference
(Canivez, 2016). So, while both Horn-Cattell and Carroll models have indicators associated with
broad ability dimensions, only Carroll’s includes g.
CHC, as originally conceived by McGrew and Woodcock (2001) and later extended (Schneider &
McGrew, 2012), combined the Horn-Cattell E Gf-Gc model with Carroll’s 3S model in order to
classify and align subtest indicators within broad ability dimensions similar to both models. CHC, as
well as interpretive guidelines for contemporary intelligence tests (c.f., Elliott, 2007b; McGrew et al.,
2014; McGrew & Woodcock, 2001; Wechsler, 2014b), however, seem to only grudgingly acknowledge a general higher-order factor (and as such the influence of this general factor is fully mediated
by the first-order broad abilities), but deemphasize g with most analyses, discussion, and expansive
interpretations of the influences or effects of the broad CHC abilities (see also Cormier, Bulut,
McGrew, & Frison, 2016; Cormier, Bulut, McGrew, & Singh, 2017; Cormier, McGrew, Bulut, &
Funamoto, 2017).

Figure 3. Bifactor representation of Carroll’s three-stratum theory.
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The Horn-Cattell approach (denial of g) differs substantively from that of Carroll (cognitive tests
appear to be primarily, but not solely, influenced by g), which makes for strange bedfellows and
a mighty uncomfortable arranged marriage. The Horn-Cattell Extended Gf-Gc theory appears
unnecessary given Carroll’s Three-Stratum Theory (see Cucina & Howardson, 2017), and Carroll
(2003, p. 18) himself noted in his final publication that McGrew and Woodcock (2001) introduced “a
so-called CHC (Cattell-Horn-Carroll) theory of cognitive abilities that supplemented Horn’s Gf-Gc
theory with essentially a three-stratum theory…” and that “Even though I was to some extent
involved in this change (as an occasional consultant to the authors and publishers), I am still not
quite sure what caused or motivated it.” In regard to g, he wrote:
Horn’s comment suggests that he conveniently forgets a fundamental principle on which factor analysis is based (a
principle of which he is undoubtedly aware) – that the nature of a single factor discovered to account for a table of
inter-correlations does not necessarily relate to special characteristics of the variables involved in the correlation
matrix; relates only to characteristics or underlying measurements (latent variables) that are common to those
variables. I cannot regard Horn’s comment as a sound basis for denying the existence of a factor g, yet he succeeded
in persuading himself and many others to do exactly this for an extended period of years. (p. 19)

Carroll and Horn do not appear to be willing participants in this arranged marriage given their apparent
disagreements and they themselves do not provide written statements or agreement regarding such
union for a CHC. Cattell too, although passing away before development of CHC, would likely have been
opposed to any model that included g (e.g., Cattell, 1987). It is particularly noteworthy that in a podcast
describing CHC theory and forthcoming CHC changes, McGrew (2018a; see also McGrew, 2018b) stated
“..there is no g in these models because… I think g is a statistical artifact, but that’s something for another
time” (31:04–31:12). This is an identical position to that of Horn and antithetical with Carroll, so it is
perplexing why Carroll continues to be included in “so-called CHC” given his position regarding g.
McGill and Dombrowski (2019) noted that before passing away Carroll was planning on further
distancing himself from CHC because of his disagreement about the primacy of g (McGrew, 2005, p.
174 [11]). Based on Carroll’s published comments on CHC and the substantive theoretical differences
between Carroll and Horn-Cattell it appears that it is time to grant an annulment to the arranged
marriage of their rival theories.

2. Problems with Tests Purporting to Assess Broad Attributes
In addition to the fundamental incongruities between the Horn-Cattell E Gf-Gc and Carroll’s 3S,
there are a number of additional psychometric problems and concerns regarding the intelligence
tests supposedly constructed to assess the amalgam of broad attributes in CHC. These problems have
substantial practical implications and limitations for interpretation and comparison of scores
purportedly aligned to broad CHC attributes. These problems are enumerated and expanded upon
to articulate why interpretations based primarily on broad attributes promoted in major intelligence
tests are extremely problematic (regardless of CHC linkages), many of which lack basic psychometric
fitness for confident interpretation. For illustrative purposes, examples from the Woodcock-Johnson
III Tests of Cognitive Abilities (WJ III Cognitive; Woodcock, McGrew, & Mather, 2001), WoodcockJohnson Tests of Cognitive Abilities, Fourth Edition (WJ IV Cognitive; Schrank, McGrew, & Mather,
2014b) and the Wechsler Intelligence Scale for Children-Fifth Edition (WISC-V; Wechsler, 2014a)
are presented because the WJ III and WJ IV were designed to be the reference instruments reflecting
CHC, while the WISC-V (one of the most frequently administered intelligence tests) was designed
with specific intention to measure five of the broad CHC attributes.
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2.1. Test Structure Replication and Broad Factor Identification
2.1.1. WJ III
The WJ III Cognitive (Woodcock et al., 2001) was the first instrument constructed to represent the
CHC model. Assessment of the factor structure of the WJ III Cognitive reported in the manual
(McGrew & Woodcock, 2001) relied exclusively on confirmatory factor analyses (CFA) and claimed
alignment with CHC. Later, Dombrowski conducted a series of independent examinations into the
factor structure of the instrument (Dombrowski, 2013, 2014a, 2014b, 2015; Dombrowski & Watkins,
2013) using the exploratory factor analytic (EFA) methods and was unable to replicate the structure
reported in the WJ III manual. EFA is the preferred approach when there is uncertainty about the
number of factors underlying the indicator variables. If a CFA starts off with the wrong number of
factors, not only can it bias the loadings, but the model fit indices do not provide a clear algorithm
that will recover the correct model.
Dombrowski and Watkins (2013) analyses showed that the subtests and WJ structure did not
fully align with CHC theory. For the full test battery (i.e., including the Cognitive and
Achievement subtests), they were only able to capture six (ages 9–13) or five factors (ages
14–19) – not the nine purported by CHC. Dombrowski’s (2013) examination of the WJ III
Cognitive using EFA found that the WJ III appeared to measure only four factors for ages 9–13
(combined Gf/Gv, Gc, Gs, and Glr) and only three factors for ages 14–19,(Gc, Gs, Gsm) – not the
seven specified by CHC. Similar results were later obtained by Strickland, Watkins, and Caterino
(2015). Thus, there were serious questions about the adequacy of the WJ III to assess the
hypothesized CHC attributes it was designed to measure. Since the WJ III was custom built to
represent CHC, failure to provide strong support for all the CHC attributes also raises questions
about the adequacy of CHC itself.
2.1.2. WJ IV
The WJ IV Cognitive (Schrank et al., 2014b) is the latest version of the cognitive assessment battery
within the Woodcock-Johnson IV (WJ IV; Schrank et al., 2014a), and the WJ IV Technical Manual
(McGrew et al., 2014) indicated that the WJ IV Cognitive was designed to measure a hierarchically
ordered general intellectual ability (i.e., g) and seven lower-order broad ability factors of
Comprehension-Knowledge (Gc), Fluid Reasoning (Gf), Short-Term Working Memory (Gwm),
Cognitive Processing Speed (Gs), Auditory Processing (Ga), Long Term Retrieval (Glr), and VisualProcessing (Gv). Again, the organization combines Carroll’s (1993) emphasis on g with Horn and
Cattell (1966) emphasis on broad abilities, even though neither camp agreed to the union. As noted
by Dombrowski, McGill, and Canivez (2017, 2018a), the factor structure of the WJ IV Cognitive was
not examined separately from the full battery, inflating the number of indicators and also adding
additional constructs. Canivez (2017) and Dombrowski et al. (2017; 2018a, 2018b) articulated
numerous criticisms of psychometric evidence for the WJ IV structure provided in its Technical
Manual (McGrew et al., 2014). The CFA fit statistics presented in the WJ IV Technical Manual were
particularly poor and could not be judged as remotely adequate in support of the hypothesized CHC
model presented for the full battery. For each age group the best fitting initial models and cross–
validation models did not have model fit values that even approached the levels considered adequate
(e.g., Hu & Bentler, 1999). Thus, though the proposed final WJ IV models may have been the best
among the models tested, they clearly were not well-fitting models.
Due to inadequate procedures and results and the lack of separate analyses for the WJ IV
Cognitive instrument, Dombrowski et al. (2017) applied EFA to determine how many viable factors
might emerge from the Cognitive subtests. None of the factor extraction criteria suggested seven
factors – the number of CHC attributes the test was constructed to assess. When seven factors were
forced, multiple factors were insufficiently defined, having only one (or none!) salient loadings,
rendering it unacceptable and failing to support CHC. The most plausible structural models for the
9–13 and 14–19 age groups included g along with four factors representing broad attributes. Had
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McGrew et al. (2014) considered such EFA results, the final WJ IV Cognitive structure and scores
provided to interpret could have been significantly different.
Dombrowski, McGill, and Canivez (2018a) conducted an independent follow-up study of the
structural validity of the WJ IV Cognitive using CFA, filling a gap as the Technical Manual did not
provide separate analyses for the cognitive subtests. In addition to testing the adequacy of the
hypothetical seven CHC Cognitive factor model, Dombrowski et al. also examined Woodcock’s
cognitive processing model (Taub & McGrew, 2014) and the four-factor models suggested by
Dombrowski et al. (2017). Additionally, oblique and rival bifactor representations of all models
were tested, as McGrew et al. also did not consider bifactor structures. In both the 9–13 and 14–19
age groups, the hypothesized seven-factor higher-order CHC-based model promoted in the technical
manual was unacceptable since it produced Heywood cases (i.e., produced negative residual variance
estimates). The oblique seven-factor models (no g) also failed to provide viable results. As with EFA,
CFA results appeared to favor four factors representing broad abilities along with a factor representing g (i.e., bifactor structure). Thus, while the WJ IV provides scoring for seven cognitive factors,
independent assessment does not support such configuration. As with the WJ III, since the WJ IV
was custom built to represent CHC, these results also undermine the claimed support for the CHC
model itself.
2.1.3. WISC-V
The Wechsler scales have historically been atheoretical, although perhaps a better description is that
they have been designed to comport with multiple (even competing) models of intelligence (c.f.,
Littell, 1960). As with its predecessors, the WISC-V was designed to align with a variety of
intelligence models, including CHC. Thus, the authors divided what was formerly called the
Perceptual Reasoning index into separate Visual-Spatial (VS [Gv]) and Fluid Reasoning (FR [Gf])
scores (Wechsler, 2014b). The claim by the publisher to assess five broad abilities and the “support”
provided in the WISC-V Technical and Interpretive Manual (Wechsler, 2014b) was based on
questionable statistical and methodological practices (see Beaujean, 2016; Canivez & Watkins,
2016). The lack of details about procedures and important results from the factor models led to
independent analyses. Canivez, Watkins, and Dombrowski (2016) subjected the 16 WISC-V subtests’
correlations for the total standardization sample to an EFA.2 Results showed that no extraction
criteria recommended extraction of five factors. Forced extraction of five factors produced an
inadequate fifth factor with only one salient subtest pattern coefficient, while simultaneously dividing covariance in Matrix Reasoning such that it did not saliently load on any factor. The four-factor
extraction produced acceptable structure in subtest alignment that was identical to the WISC-IV
(Watkins, 2006): a dominant general factor and four smaller group factors. The attempt to separate
Block Design (BD) and Visual Puzzles (VP) into a VS (Gv) factor and Matrix Reasoning (MR),
Figure Weights (FW), and Picture Concepts (PCon) into a FR (Gf) factor was unsuccessful; BD, VP,
MR, and FW formed a factor resembling the former Perceptual Reasoning factor. Canivez, Watkins,
and Dombrowski (2017) followed up this study with independent CFA and found all the publisher
specified models with five group factors produced serious problems with the results (e.g., Heywood
cases). A bifactor model with g and four group factors was judged best, verifying the results from the
EFA and, again, suggesting that alignment to CHC (viz., separation of VS [Gv] and FR [Gf]) was not
supported. Subsequent independent analyses of WISC-V structure with smaller standardization
sample age groups also failed to support five factors (Canivez, Dombrowski, & Watkins, 2018;
Dombrowski, Canivez, & Watkins, 2018).
Results from the WJ III, WJ IV, and WISC-V all converged on a common result: despite claims by
publishers and authors that the scores represent CHC broad abilities, independent replication of
cognitive test structures has been problematic. The subtests do not always load on their intended
factors and sometimes fail to load on any factor. Further, there are consistently fewer viable factors
2

NCS Pearson declined access to the standardization data for independent analyses.
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identified by independent researchers than what publishers promote and for which they provide
scores (Canivez et al., 2018; Canivez & Watkins, 2016; Canivez et al., 2016; 2017; Dombrowski, 2013,
2014a, 2014b; Dombrowski, 2015; Dombrowski et al., 2018, 2017, 2018a, 2018b; Dombrowski &
Watkins, 2013). Thus, clinicians are very likely providing interpretations of scores and making
inferences about individuals’ performances that are not empirically supported and may well lead to
erroneous clinical decisions. Interpreting extra scores increase the chances of false positive (Type I)
errors (Silverstein, 1993). Interpreting scores with inadequate specification or reliable variance at
best attenuates the power to detect differences (increasing the Type II error rate); perhaps more
problematic, however, is that the numerals provided for scores related to these factors do not actually
represent measurement of any attribute – they are only indicative of some statistical chimera that is
irrevocably tied to a specific intelligence test.
2.2. Unique Broad Factor Contribution
Intelligence tests often provide an omnibus, full-scale score (i.e., WJ IV GIA, WISC-V FSIQ) and
scores representing broad abilities that are composites of subtests that ostensibly represent a given
broad ability. The authors/publishers then represent these scores as being equally interpretable.
Practitioners are frequently unaware that scores representing broad abilities conflate sources of
variance, which substantially complicates their interpretation. Thus, variance in these scores is partly
due to g and partly due to the broad ability. While the proportion of variance due to each source can
be decomposed for a sample of respondents, it cannot be known for a given individual how much of
the obtained score comes from the different attributes (Oh, Glutting, Watkins, Youngstrom, &
McDermott, 2004).
For most intelligence tests, the broad ability scores are not pure measures of the broad ability and
should not be interpreted to reflect only that broad ability. In fact, most such scores contain
substantially more g variance than broad ability variance! Carroll’s (1993) use of second-order
EFA followed by SL transformation was done to better understand the relative contributions of
g and the group factors in measurement of cognitive abilities. The SL procedure “…preserves the
desired interpretation characteristics of the oblique solution, but also discloses the hierarchical
structuring of the variables” (Schmid & Leiman, 1957, p. 53). This is why Carroll (1995) insisted
on SL orthogonalization of higher-order models:
I argue, as many have done, that from the standpoint of analysis and ready interpretation, results should be
shown on the basis of orthogonal factors, rather than oblique, correlated factors. I insist, however, that the
orthogonal factors should be those produced by the Schmid-Leiman (1957) orthogonalization procedure, and
thus include second-stratum and possibly third-stratum factors. (p. 437)

The benefit of SL in EFA (and bifactor models in EFA and CFA) is understanding the relative
contributions of the factors, but an added benefit is in using such orthogonalized factors in
estimating model-based reliability estimates.
2.3. Model-Based Reliabilities
Internal consistency reliability estimates provided in intelligence test manuals are likely inappropriate based on violations of assumptions for their estimation (Raykov, 1997). Omega (ω) coefficients
(McDonald, 1999) have more realistic assumptions, so are more appropriate (Watkins, 2017).
Coefficients omega-hierarchical (ωH) and omega-hierarchical subscale (ωHS) are estimates of reliability for composite scores produced by the particular subtest groupings (Reise, 2012; Rodriguez,
Reise, & Haviland, 2016; Watkins, 2017). The ωH coefficient is reliability for a general score after
removing variability from the group factors. The ωHS coefficient is the reliability estimate for
a specific broad ability score after removing variability from the general and all other group factors
(Brunner, Nagy, & Wilhelm, 2012; Reise, 2012). ωH and ωHS can be estimated from EFA SL results,
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bifactor model estimates, or decomposed variance estimates from CFA higher-order models. ωH and
ωHS coefficients should exceed .50, but .75 might be preferred (Reise, 2012; Reise, Bonifay, &
Haviland, 2013) for confident scale interpretation.
Factor analytic studies of the WJ III, WJ IV, and WISC-V consistently indicate that very large
portions of subtests’ variance are apportioned to g and smaller (sometimes trivial) portions of unique
subtest variance are associated with the factors representing broad abilities (i.e., Carroll’s Stratum II)
(Canivez & Watkins, 2016; Canivez et al., 2016, 2017; Dombrowski, 2013, 2014a, 2014b, 2015;
Dombrowski et al., 2017, 2018a, 2018b; Dombrowski & Watkins, 2013). ωH estimates are typically
> .75, while ωHS estimates are typically far < .50.3 Because the scores representing broad ability
dimensions contain only small portions of variance independent of g, they are not adequately
representing their intended CHC attributes. What makes this particularly remarkable is that these
tests were designed to emphasize broad abilities, yet g accounts for the bulk of the variance. This is
undeniably a threat to the veracity of the tests’ measurement of CHC attributes, and perhaps the
veracity of CHC itself as well.
Clinically, these results indicate that the reliability of the omnibus, full-scale scores on the WJ III,
WJ IV, and WISC-V is satisfactory, but the same cannot be said for scores representing broad
abilities. Most broad ability scores contain much more g variance than group factor variance
indicating generally poor unique reliability of the broad ability scores. This impacts proper interpretation of the tests’ broad ability composite scores due to the conflation of g variance and that
unique to the broad ability factors. This conflation of variance renders such scores difficult to
interpret because they represent a mixture of attributes (i.e., g + broad ability) instead of one
particular attribute (Horn, 1989).
Another consequence of these observations relates to the internal consistency reliability estimates
of scores included in test technical manuals. The internal consistency reliability methods used for
broad ability scores likely violate major assumptions of the methods (Gignac & Watkins, 2013;
Raykov, 1997; Watkins, 2017). As previously discussed, reliability estimates for the omnibus, fullscale scores consist of a large portion of true score variance, so traditional reliability estimates are
similar to the ωH estimates. This means that the confidence intervals used in score interpretation
would also likely be similar. For the broad ability scores, however, the situation is quite different.
Because ωHS estimates are considerably lower than the traditional reliability estimates presented in
test technical manuals, the standard error of measurement based on them would be considerably
higher due to how much less unique true score variance is present. As a result, confidence intervals
for the broad ability scores would be considerably larger when interpreting the unique broad abilities
measurement – likely so large as to render them of little use.

2.4. g Factor Contribution
As illustrated in this article, intelligence tests typically capture large portions of variance due to
g (Carroll’s Stratum III), often the overwhelming majority of common variance. This means Carroll
is likely correct in asserting the importance of accounting for g (Cucina & Howardson, 2017).
Subsequently, the de-emphasis of g in favor of broad ability scores proffered by those promoting
CHC-based score interpretations is likely misguided. This is apparent in manuals and interpretive
guides for the WJ III, WJ IV, WISC-IV, and WISC-V where numerous CHC-based broad ability
scores are the subject of interpretations, either on their own or in comparison with other broad
ability scores (i.e., cognitive profile analysis). Similar de-emphasis of full-scale scores is present in
neuropsychology (Hale & Fiorello, 2004) and cross-battery assessment approaches (Flanagan, Ortiz,
& Alfonso, 2013, 2015). In fact, such a dialectic between emphasizing g versus broad abilities has
been around since the very inception of clinical intelligence tests (Beaujean & Benson, 2019)
3

The WISC-V Processing Speed (PS) score is an exception to this generalization.
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The very notion that CHC-based broad ability scores somehow “inform” understanding about
individuals’ particular cognitive abilities when they provide such little unique information apart
from g seems to run counter to the replicated research in the extant literature. This is likely why
many independent researchers recommend primary, if not exclusive, interpretation of the omnibus,
full-scale scores; and if going beyond and interpreting broad ability scores, doing so with abundance
of caution and awareness that there are risks of illusory correlation and confirmation bias in
decision-making (e.g., Canivez et al., 2017, 2018; Dombrowski et al., 2017, 2018a, 2018b; Watkins,
2009).
2.5. Test Score Interpretation
Intelligence test technical and interpretation manuals (e.g., McGrew et al., 2014; Wechsler, 2014b)
describe interpretation of broad ability scores as reflecting a specific attribute – usually one
represented in a particular factor analysis (i.e., Verbal Comprehension). The absence of complete
information about these scores (e.g., common and unique variance partitions) presents a situation
where clinicians using these tests could interpret the score as though it represents measurement of
only that specific ability. What is not made clear in test manuals is the fact that the broad ability
scores provided are actually a mixture of g and broad ability variance. Thus, it is a fallacy to refer to,
for example, the WISC-V VCI as assessing “verbal comprehension” when the ωHS coefficient for the
score indicates it contains < 25% true score variance uniquely attributed to “verbal comprehension”
(see Canivez et al., 2017). Thus, the majority of true score variance contained in the VCI is not
unique to verbal comprehension ability but to g!
Nowhere in CHC interpretative guides or publishers’ descriptions is the influence of g on broad
ability scores acknowledged, and this substantially complicates what one might “infer” for individual
clients, particularly because we do not know for particular individuals exactly how much of their
performance on the VCI tasks, for example, is due to g and how much is due to verbal comprehension. Replicated research has consistently shown that portions of CHC broad ability variance are
substantially smaller than g contributions; thus, attributions of such CHC-based scores representing
broad abilities are misappropriated. If CHC is correct, one might expect that substantially larger
portions of broad factor scores (Stratum II) ought to be based on that factor and not g. It may be that
our present tests poorly measure anything supplemental to g, so it is difficult to determine exactly
what their unique contributions are (Beaujean & Benson, 2018; Spearman & Wynn Jones, 1950)
2.6. Incremental Validity
Much consideration for the validity of intelligence test scores focuses on internal validity evidence
(e.g., factor analysis). This provides only one necessary, yet not sufficient, condition for test validity
support. Criterion-related validity evidence is important, and often paramount when the criterion
has clinical or policy implications (Lubinski & Dawes, 1992).
In the case of intelligence tests, academic achievement is an important external variable and
intelligence test scores ought to predict achievement well. Intelligence test technical manuals often
include correlational studies of the intelligence test scores and academic test scores. It is common to
see zero-order Pearson correlations between full-scale scores, broad ability scores, and subtest scores
with a variety of scores from academic achievement tests (e.g., McGrew et al., 2014; Wechsler,
2014b). While this may be acceptable for the omnibus, full-scale composite score, it is not acceptable
for broad ability because those scores conflate g variance and unique broad ability variance.
In order to identify unique contributions of broad ability scores to predicting academic
achievement, it is crucial to first partial out the effects of g. Such incremental validity
(Hunsley, 2003; Hunsley & Meyer, 2003) for broad ability scores is generally poor as the broad
ability scores rarely account for meaningful portions of achievement apart from g (Canivez,
2013a; Canivez, Watkins, James, James, & Good, 2014; Glutting, Watkins, Konold, &
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McDermott, 2006; Kranzler, Benson, & Floyd, 2015; McGill, 2015; McGill & Busse, 2015). For
example, the WISC-IV Technical and Interpretive Manual (Wechsler, 2003) Table 5.15 (p. 69)
presents zero-order Pearson correlations between the WISC-IV and WIAT-II from the standardization linking sample (N = 550) and the correlation between the WISC-IV FSIQ and WIAT-II
Reading Composite score is .78, while the correlation between the WISC-IV VCI and WIAT-II
Reading Composite score is .74. This gives the impression that the VCI is every bit as good as the
FSIQ in predicting the Reading Composite score. What Glutting et al. (2006) showed in incremental validity assessment with the WISC-IV and WIAT-II standardization linking sample was
that while the WISC-IV FSIQ and WIAT-II Reading Composite score was .78, the part correlation of VCI with the WIAT-II Reading Composite score was .04, meaning the unique contribution of VCI in accounting for WIAT-II Reading Composite score variance was .002 (.2%)! Thus,
the zero-order correlation of the VCI with WIAT-II Reading Composite was primarily the result
of the large portion of g variance within the VCI and not “verbal comprehension” at all. The
reason for this is apparent given the results of structural validity studies presented earlier. The
broad ability scores in tests such as the WJ III, WJ IV, WISC-IV, and WISC-V conflate g variance
and unique variance due to the broad ability. So, when considering the ability of broad ability
scores to account for academic achievement, usually it is the overwhelming portions of g variance
in those scores that are contributing to the correlation, not the broad ability for which the score
is named. None of the technical manuals of major intelligence tests provides such incremental
validity statistics although this shortcoming has been reported (Canivez, 2010, 2014, 2017).
Some studies explicitly exploring CHC broad abilities relations with academic achievement may
include some incremental validity assessment (e.g., Cormier, Bulut, et al., 2017; Cormier, McGrew,
et al., 2017), while others (Cormier et al., 2016) do not. It is interesting that the Cormier, Bulut, et al.
(2017) and Cormier, McGrew, et al. (2017) studies present one small paragraph reporting only the
increments in R2 provided by the WJ IV CHC cluster scores beyond g rather than presenting the
amounts of mathematics or reading achievement variance accounted for by g and incremental
improvement provided by the CHC broad ability scores. In contrast, several expansive paragraphs
of results and discussion focused on the broad ability scores.

2.7. Ipsative and Pairwise Comparisons
Use of cognitive profile analysis (e.g., normative ipsative or pairwise score comparisons) to examine intracognitive variation within individuals is another frequently used approach proffered by CHC-based
interpretive guides (e.g., Wechsler, 2014b). The history for such practices is long (Canivez, 2013b;
Kamphaus, Winsor, Rowe, & Kim, 2012; McGill, Styck, Palomares, & Hass, 2016). Identifying such profiles
to determine processing strengths and weaknesses (PSWs) among composite or subtest scores ignores the
lack of evidence for reliability, validity, and diagnostic utility of such difference scores.
The resulting strengths and weaknesses obtained from cognitive profile analyses typically have
minimal longitudinal stability – e.g., what is a strength at one time point may not be at a later point
in time or could even be a weakness at a later time point (McDermott, Fantuzzo, Glutting, Watkins,
& Baggaley, 1992; Watkins & Canivez, 2004; Watkins & Smith, 2013). Cronbach and Snow (1977)
indicated that “any long-term recommendations as to a strategy for teaching a student would need to
be based on aptitudes that are likely to remain stable for months, if not years” (p. 161), so for any
patterns, profiles, or characteristics to have any clinical utility, an individual’s strengths and weaknesses must also be stable across time. Such stability in cognitive profiles has yet to be empirically
demonstrated (e.g., Macmann & Barnett, 1997).
Inferences made about individual strengths or weaknesses are also problematic. The broad ability
scores are thought of as estimates of some particular CHC ability, but as we previously discussed,
frequently there is substantially more g variance within these scores than unique variance due to the
broad abilities. This is a major problem for which appealing to CHC cannot overcome.
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2.8. Diagnostic and Treatment Utility
In the assessment and treatment recommendations for specific learning disability (SLD), there
have been methods proposed that are linked to PSWs of CHC attributes. A recent examination of
State eligibility criteria for SLD (Maki, Floyd, & Roberson, 2015) found that 25 states did not
permit PSW methods to be used, 14 specified PSW could be used, and 12 did not indicate
whether or not PSW could be used. Of the 26 states that did not exclude PSW methods, 25 did
not provide guidelines on how they should be used, while two states reportedly discussed use of
CHC or alternative intelligence theories. Zirkel (2017) noted: “Although the special education
literature clearly recognizes PSW as a distinct approach…state laws provide cryptic and unclear
attention to this alternative for SLD identification, and the case law failures to address its
contours and content” (p. 171). As McGill and Busse (2015) pointed out in their review, there
are numerous problems and few examinations of diagnostic accuracy and treatment utility
supporting the use of PSW. Those promoting PSW interpretations have failed to provide
a priori examinations of the reliability and diagnostic utility of such indexes or their classification
methods – something at odds with evidence-based assessment practices (Hunsley & Mash, 2011;
McFall, 1991, 2000). PSW methods’ appeal to CHC is inadequate to support its use. In fact, the
significant problems with CHC itself appear to reflect a poor foundation upon which to build any
interpretive system. Diagnostic accuracy of assessment methods based on patterns or PSWs has
met with disappointing results (Kranzler, Floyd, Benson, Zaboski, & Thibodaux, 2016a, 2016b;
Miciak, Fletcher, Stuebing, Vaughn, & Tolar, 2014; Smith & Watkins, 2004; Watkins, 1999;
Watkins, Kush, & Glutting, 1997). Likewise, PSW also provide poor guidelines for developing
interventions (Burns et al., 2016). Because cognitive profile analyses do not contribute to
diagnostic or treatment or intervention utility and clinicians are particularly susceptible to
illusory correlations and confirmation bias in decision-making (Croskerry, 2003; Galanter &
Patel, 2005; Glutting et al., 2003; Macmann & Barnett, 1997; Watkins, 2009), it is important to
focus assessment activity on instruments and scores likely to have demonstrated utility (Norcross,
Hogan, & Koocher, 2008; Youngstrom, 2013; Youngstrom et al., 2017). It has also been pointed
out that administering additional tests or using longer tests is also not cost effective nor time
effective (Glutting et al., 2003; Williams & Miciak, 2018).

2.9. CHC-Based Applications: XBA and PSW
Cross-battery assessment is an emblematic clinical application of CHC theory. In the days prior
to the WJ III, no test appeared to adequately assess all of the supposedly important Horn-Cattell
or Carroll identified broad abilities. This led to the recommendation that clinicians should
“cross” batteries (Flanagan & McGrew, 1997; McGrew & Flanagan, 1998; Woodcock, 1990) to
include more complete assessments of cognitive abilities beyond those offered in a singular test.
McGrew and Flanagan focused interpretive emphasis on “Gf-Gc pattern of abilities of individuals
that in turn can be related to important occupational and achievement outcomes and other
human traits” but did not include g claiming it “has little practical relevance to cross-battery
assessment and interpretation” (p. 14). The CHC taxonomy offered an organizational framework
where clinicians could combine scores from multiple tests to more comprehensively assess those
broad abilities. One such method presently in use is that of Flanagan, Ortiz, and Alfonso (2013,
2015). Another PSW method utilizing cross-battery methods is that proposed by Dehn and Szasz
(2016), although not directly linked to CHC. Neither have provided sufficient evidence for the
reliability, validity, or utility of their methods. Most of their support comes from stating they are
based on CHC or linked to neuropsychology or “cognitive processes.” Given the lack of empirical
evidence for PSW and XBA promotions, as well as past and recent negative results (e.g., Kranzler
et al., 2016a, 2016b; McDermott et al., 1992; Watkins & Canivez, 2004), such methods should be
discouraged in clinical practice until there is a sufficient evidence base supporting their use.
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3. Conclusion
Standards for Educational and Psychological Testing (American Educational Research Association,
American Psychological Association, & National Council on Measurement in Education, 2014)
require that test interpretation methods demonstrate empirical support and empirically supported
test interpretation practices demand that such evidence be provided a priori. The adequacy of
cognitive ability or intelligence tests in applied practice is primarily based on robust evidence for
reliability, validity, and diagnostic utility of the scores produced. The overwhelming evidence for
modern intelligence tests is that most of the subtests included appear to primarily measure
g (Carroll’s Stratum III) and only small portions of group factors that might be aligned with
Carroll’s Stratum II (or Horn-Cattell broad ability). Cucina and Howardson (2017) argued that
their data supported Carroll and not Cattell-Horn and research reviewed in the present article also
indicate dominance of g in tests that are supposedly reference instruments of CHC theory (WJ III
and WJ IV) as well as the WISC-V. If the broad CHC abilities are to be the principal focus of
interpretation and theoretical importance, they ought to be associated with substantially more
unique variance than what is currently found in intelligence tests. The structural, incremental
validity, reliability, and diagnostic utility problems for broad CHC abilities claimed to be measured
by scores on the intelligence tests are poor and thus provide serious challenges to CHC. This,
combined with McGrew’s (2018a) own statement that he believed that g was a statistical artifact is
consistent with Cattell and Horn’s position, but not congruent with Carroll, and, as such, there
appears to be little reason to include Carroll in CHC.
Those examining or applying intelligence tests in clinical practice who wish to deny the existence
of g (following Horn, Cattell, and most CHC literature) must reconcile the abundance of evidence
showing substantial covariance among the broad factors and the conflation of g and broad factor
variance in broad factor/index scores. In contrast, those accepting the presence of g need only follow
Carroll’s 3S that g as well as a few orthogonal broad Stratum II abilities appear to be supported. This
model does not require Cattell-Horn – something Carroll (2003) himself noted. A judge reviewing
the evidence (i.e., incongruence of Cattell-Horn and Carroll’s models, as well as their unfinished and
longstanding debate, McGrew’s [2018a, Schneider & McGrew, 2012] own comments that he disagrees with Carroll about g) would swiftly grant an annulment of the arranged and unhappy
marriage of Horn and Cattell’s E Gf-Gc (Horn & Blankson, 2005; Horn & Noll, 1997) and
Carroll’s 3S (Carroll, 1993, 2003). The decision would remove Carroll’s “C” from the “CHC”
moniker, and the models would be free to go their separate ways.
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ABSTRACT

Twenty-five years after the introduction of Carroll’s (1993) Three Stratum
(3S) theory of intelligence and McGrew’s (1997) subsequent synthesis of 3S
with the extended Gf-Gc / Horn-Cattell theory, the Cattell-Horn-Carroll
(CHC) theory represents the prevailing framework by which the structure
of human cognitive and intellectual abilities is understood. This commentary reviews, discusses, and supplements the critical examinations of CHC
theory appearing in this special issue of Applied Measurement in Education.
After recounting the historical foundations and structural framework of
CHC, a series of challenges to this theory are compiled including its weak
explanatory capacity, its failure to make testable predictions, its enmeshment with a single measurement instrument (i.e., the Woodcock–Johnson),
the inconsistent independent replication of its factor structure, and most
importantly, its undemonstrated evidential value for identification and
intervention with students with specific learning disorders (SLDs). The
inherent limitations of any psychological theory developed or tested primarily from factor analyses are enumerated. Solutions are proposed to
advance psychological science in areas related to CHC theory.

Twenty-five years have passed since the publication of John B. Carroll’s (1993) survey of factoranalyses, Human Cognitive Abilities. I still recall being overwhelmed by the publication’s size (800+
pages), breadth (more cognitive abilities than I had ever imagined), unusual methodology (hierarchical exploratory factor analyses), and sheer audacity in endeavoring to synthesize existing studies
into a coherent model of the abilities that people use in thinking. I was then working at The
Psychological Corporation (TPC, now Pearson) – home to the industry-leading Wechsler intelligence scales, structured around Full Scale, Verbal, and Performance IQs – and Carroll’s work
represented a paradigm-breaking reconceptualization of intelligence.
Working out of his basement in Chapel Hill, North Carolina, packed from floor to ceiling with books
and journals, Carroll made the eccentric decision to spend his retirement collecting, organizing, and
reanalyzing every archival data set on the structure of cognitive and intellectual abilities that he could
find. After some 10 years, having amassed more than 460 archival data sets, he conducted hierarchical
exploratory factor analyses with the Schmid-Leiman procedure and derived a structure of cognitive
abilities operating at three principal levels or strata: (a) Stratum I, the lowest level, comprised 50 or more
narrow abilities; (b) Stratum II, a higher-order level, consisted of approximately eight independent broad
abilities with more generality; and (c) Stratum III represented the highest order, which consisted of only
the general ability factor, g. Carroll’s book was dense, encyclopedic, and authoritative – unassailable to
most critics. After all, who was going to tell him if he got something wrong?
It was only when I left TPC for employment with Riverside Publishing (now Houghton-MifflinHarcourt; HMH) in 1996 that I met Richard W. Woodcock and Kevin S. McGrew and became immersed
in the extended Gf-Gc (fluid-crystallized)/ Horn-Cattell theory, beginning to appreciate how Carroll’s ThreeStratum (3S) model could be operationalized in cognitive-intellectual tests. Riverside had been the home of
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the first Gf-Gc intelligence test, the Stanford–Binet Intelligence Scale, Fourth Edition (SB IV; R. L. Thorndike,
Hagen, & Sattler, 1986), which was structured hierarchically with Spearman’s g at the apex, four broad ability
factors at a lower level, and individual subtests at the lowest level. After acquiring the Woodcock–Johnson
(WJ-R; Woodcock & Johnson, 1989) from DLM Teaching Resources, Riverside now held a second Gf-Gc
measure. TheWJ-R Tests of Cognitive Ability measured seven broad ability factors from GfGc theory with an eighth broad ability factor possible through two quantitative tests from theWJ-R Tests
of Achievement. When I arrived, planning was underway for new test editions – the WJ III (Woodcock,
McGrew, & Mather, 2001) and the SB5 (Roid, 2003) – and Woodcock was then slated to co-author both
tests, although he later stepped down from the SB5. Consequently, I had the privilege of participating in
meetings in 1999 with John B. Carroll and John L. Horn, both of whom had been paid expert consultants to
the development of the WJ-R. Previously, I had the pleasure of working side-by-side with Woodcock on
some of the first WJ-R Gf-Gc analyses of neurologically impaired samples (e.g., left versus right hemisphere
injury, frontal versus posterior cerebral injury), with findings appearing in a subsequent research report
(Woodcock, 1998).
With Carroll’s (1993) book having had such a profound impact on psychological assessment, at its
silver jubilee I am delighted to offer commentary on some of the first critical examinations of what
has become known as the Cattell-Horn-Carroll (CHC) theory of intelligence. Beaujean and Benson
(2019) take the long historical view, identifying prominent theoretical antecedents that continue to
define tensions in CHC’s applied use. McGill and Dombrowski (2019) explore the proximate origins
of CHC, tests that conform to its structure, and some potential remedies to problems with CHC.
Finally, Canivez and Youngstrom (2019) assemble some challenges to CHC theory, beginning with
critical failures to replicate. I am undertaking this commentary with no conflicts of interest to
disclose, although I was employed in the 1990s as a project director and department director by the
leading intelligence test publishers. Now, as a clinical neuropsychologist in independent practice,
I am a consumer of intelligence tests, exquisitely sensitive to how well they help (or do not help) with
applied clinical and educational decision-making.
I believe that Horn and Carroll would likely have welcomed the questions raised in this special
issue, probably defending their work with vigor. Horn of course knew that “all scientific theory is
wrong” (Horn & Blankson, 2005, p. 41), and Carroll (1998) undertook a critique of his own 1993
book after expressing disappointment over not having received more critical reviews. Horn and
Carroll were each also willing to challenge popular theories and tests. Horn’s research supported the
falsification of Guilford’s structure of intellect (SOI) theory (Horn, 1967, 1970; Horn & Knapp, 1973,
1974); he was less successful in analyses “intended to banish the MMPI … from the domain of
psychological assessments” (Horn, Wanberg, & Appel, 1973, p. 131). Carroll was likewise highly
critical of Guilford’s SOI theory (Carroll, 1968, 1972), Luria-based cognitive processing theory
(Carroll, 1995a), and the five-factor personality model (Carroll, 2002). Both Horn and Carroll
were brave men in terms of their scientific integrity. Beyond his personal activities on behalf of
social justice, Horn, for example, engaged in scholarly debates on the nature of age-related cognitive
decline and the single general factor model of cognitive abilities; in defiance of conventional
thinking, he also advocated for exploratory factor analyses as a more honest psychometric approach
than confirmatory factor analyses (see e.g., McArdle & Hofer, 2014). For his part, Carroll (1995b,
1997) was willing to take scientifically rigorous but politically incorrect positions in his critique of
Gould’s immensely popular The Mismeasure of Man and his defense of Herrnstein and Murray’s
controversial The Bell Curve. This is a long way of saying that Carroll and Horn would likely have
been unperturbed by the challenges in this special issue. This is how science works and how it can be
advanced.

1. Examining the Foundations of CHC
In this issue, Beaujean and Benson undertake the ambitious task of tracing selected British and
American historical foundations for the structure of cognitive abilities. Their focus on the
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contributions of Charles Spearman and Louis L. Thurstone is informative in understanding CHC
theory, as these pioneers set the stage for tensions between psychometric g (which Spearman
advocated) and the group/primary mental ability factors (which Thurstone advocated). In the first
decades of the twentieth century, wrote Thurstone (1952), the debate raged over Spearman’s g and
“the disturbers of g” (p. 314), as group factors and specific factors were disparagingly called.
Thurstone (1946) politely described the many Spearman–Thurstone published exchanges of the
1930s as “a series of lively controversies” (p. 103), but the reality was that Spearman was more than
willing to fiercely defend his theory in print (see Wasserman & Kaufman, 2016, for a list of
Spearman’s high profile debates, some spanning decades).
Spearman’s (1904, 1923, 1927) seminal contribution was discovery of the general ability factor, g,
that measures variance common to all meaningful activity. Through its estimation with composite
IQ scores as well as its purer derivation (i.e., common variance in a psychometric test battery),
Spearman’s g has undergirded virtually every study on the predictive validity of intelligence. As John
B. Carroll commented:
Spearman, after all, laid the groundwork for practically every research endeavor in this domain [of human
abilities] from his time up to the present, and his influence will certainly continue to be felt for a long time into
the future (Carroll, 1996, p. 1).

Now more than a century after its derivation, Spearman’s (1904) g appears to represent nearconsensus thinking in intelligence (e.g., Gottfredson, 1997; Neisser et al., 1996; Reeve & Charles,
2008). Multiple meta-analyses have shown g predicts academic and occupational performance better
than any other psychological variable (e.g., Roth, Becker, Romeyke, Schäfer, & Spinath, 2015;
Schmidt & Hunter, 2004). Prominent scholars have described g as “one of the most replicated
results in psychology” (Deary, 2012, p. 146), as “one of the most central phenomena in all of
behavioral science, with broad explanatory powers” (Jensen, 1998, p. xii), as saturating “almost all
human performance (work competence) dispositions” (Meehl, 1990, p. 124), and as sitting at “the
heart of the prediction of real-life performances that is possible from tests” (R. L. Thorndike, 1994,
p. 150).
In contrast to Spearman’s general ability factor stood the group ability factors (i.e., independent
traits derived from the variance shared by two or more mental tests). While there were pioneers who
actively identified distinct ability factors (see e.g., Kelley, 1928), the leading innovator was Louis
L. Thurstone, who developed the technique of multiple factor analysis and identified the primary
mental abilities (Thurstone, 1938). In search of a “limited number of reference abilities” (Thurstone,
1935, p. 46) to explain individual differences in achievements and accomplishments, Thurstone
(1938) used multiple factor analysis to derive seven primary mental abilities: verbal comprehension,
word fluency, number facility, spatial visualization, associative memory, perceptual speed, and
reasoning. Thurstone’s work is a clear antecedent to the broad ability factors specified in CHC.
With resistance, Spearman came to acknowledge the existence of the group factors, and
Thurstone reluctantly acknowledged the existence of a higher order general ability factor.
Specifically, in The Abilities of Man, Spearman acknowledged four “broad group factors” of logical,
mechanical, psychological, and arithmetical abilities, each having “sufficient breadth and degree to
possess serious practical consequences, educational, industrial, and vocational” (Spearman, 1927,
p. 242). In the posthumous sequel to The Abilities of Man, Spearman even hinted at the hierarchical
organization of abilities not unlike that offered in Carroll’s three-stratum model: “As regards the
statistical results of this method [of factor analyses], these have only been outlined. They have
consisted of (1) a general factor; (2) an unlimited number of narrow-specific factors; and (3) very few
broad group factors” (Spearman & Wynn Jones, 1950, p. 15). Karl J. Holzinger (1945), who worked
with him on the Unitary Traits Committee, wrote that Spearman in his final years was “well aware of
the existence” of group factors (p. 234), conceding that ivory tower conceptualizations had given way
to more practical considerations. In comparison, Thurstone did not identify a higher order general
factor until about 1940 after Spearman (1939) reanalyzed his 1938 monograph on primary mental
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abilities and was able to extract g. By 1948 and again in his 1952 autobiography, Thurstone finally
seemed willing to acknowledge a general factor:
The correlations of the primary factors can be factored, just like the correlations among tests. When this is done
we find several second-order factors. One of these seems to agree very well with Spearman’s general intellective
factor g (Thurstone, 1952, p. 316).

With Spearman’s (1927, 1938) acknowledgment of some group factors and Thurstone’s (1948, 1952;
Thurstone & Thurstone, 1941) extraction of a higher order g factor, there was the possibility of
a rapprochement between the adversarial psychometric factions. In a comprehensive 1943 review of
the state of intelligence testing and theory, Raymond B. Cattell suggested that:
The convergence of Spearman and Thurstone is now complete, barring certain diplomatic formalities.
Spearman finds certain group factors, and Thurstone has a general factor. But Spearman introduces his
group factors to the reader with a cold and perfunctory politeness, while Thurstone’s general factor is only
permitted to enter society as a “second-order factor” after the “primary abilities” have made off with all of the
actual test variance (Cattell, 1943b, pp. 169–170).

Flash forward 75 years, and we find CHC stewards Schneider and McGrew (2018) writing, “We
accept that a general factor exists, but we are skeptical that it is an ability” (p. 89). It is as if the
Spearman-Thurstone debates had never occurred and the landmark studies that defined g as largely
synonymous with fluid reasoning had never been conducted (e.g., Gustafsson, 1984; Spearman, 1927;
Undheim, 1981). In the century since Spearman’s 1904 discovery of g, it has never convincingly been
falsified. Perhaps it is time to welcome some final, focused efforts at falsification of g, before
accepting it and moving our science forward. Isn’t 100+ years enough to resolve a debate that
originates before the birth of Binet and Simon’s first working intelligence test?
In closing this section on historical foundations of CHC, it remains to note that Spearman
described clear antecedents to the enduring concepts of fluid and crystallized intelligence, later
introduced by Cattell, his last doctoral student (completing his PhD in 1929). In his elegant but
mostly forgotten theory of human cognition, Spearman (1923, 1927) distinguished noëgenetic
cognitive processes especially eduction (i.e., reasoning that derives from understanding of the
relation between two or more things), from anoëgenetic processes, especially reproduction (i.e.,
retention, recall, and repetition of previously learned content). When introducing his own CultureFree Intelligence Test, Cattell (1940) was highly critical of tests of acquired knowledge and experience, instead emphasizing the value of g-loaded eductive measures: “ … in general the kinds of test
showing the best ‘G’ saturation are those involving relation and correlate education [sic; he meant
eduction] in a high degree and reproduction in the lowest degree” (Cattell, 1940, p. 168).
This 1940 paper was cited by Cattell as the place where he first put forth the theory of fluid and
crystallized abilities (Cattell & Butcher, 1968, p. 18), but neither of those words appear in the article;
instead eduction and reproduction appear. It may be surprising for some readers to learn that
Spearman’s eduction–reproduction dichotomy was an immediate precursor to Cattell’s fluidcrystallized dichotomy, but Spearman’s work on cognitive abilities is exceptionally rich (e.g., Lovie
& Lovie, 2011). His dogmatism on g overshadows other writings including his acknowledgment of as
many as three additional general factors (inertia/cognitive flexibility, oscillation/performance variability, and will/motivation; e.g., Spearman, 1930).

2. Examining the Structural Framework of CHC
McGill and Dombrowski (2019) trace the more recent origins of the CHC synthesis, which
endeavored to merge the Horn–Cattell extended Gf-Gc theory with Carroll’s 3S theory. The clearest
citations for this synthesis may be found in McGrew’s (1997) “proposed comprehensive Gf-Gc
framework” and his attempt, with Flanagan, to apply it to the leading intelligence measures of the
time (McGrew & Flanagan, 1998). An earlier operationalization of the synthesis, however, may be
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found in Richard W. Woodcock’s (1990) cross-battery factor analyses, a clear antecedent to the
current cross-battery approach.
In its most recent conceptualization by Schneider and McGrew (2018), CHC theory is described
as a comprehensive taxonomy of cognitive abilities embedded in multiple overlapping theories of
cognition. Dimensions of cognitive ability are organized hierarchically, with the bottom of the
hierarchy consisting of specific abilities tied to specific tasks or tests; at a higher level are clusters
of highly correlated specific abilities comprising narrow abilities; at a still higher level are clusters of
correlated narrow abilities comprising broad abilities; and at the apex is Spearman’s general
intelligence factor reflecting the positive correlations between all mental abilities. As many as 20
broad ability clusters are proposed, including a domain-free reasoning factor of fluid reasoning (Gf);
several acquired knowledge capacities including comprehension-knowledge (Gc), domain-specific
knowledge (Gkn), reading and writing (Grw), and quantitative knowledge (Gq); several factors
related to memory including working memory capacity (Gwm), learning efficiency (Gl), and retrieval
fluency (Gr); at least six domain-specific sensory and motor abilities including visual (Gv), auditory
(Ga), olfactory (Go), tactile (Gh), kinesthetic (Gk), and psychomotor ability (Gp); and several speed
factors including reaction/decision time (Gt), processing speed (Gs), and psychomotor speed (Gps).
Schneider and McGrew (2018) stipulate that while the original source contributions of Cattell, Horn,
and Carroll form the structural framework for CHC, Carroll’s (1993) treatise serves as a “default”
reference point.
Some of the final theoretical statements of Horn and Carroll were published posthumously
(Carroll, 2003; Horn & Blankson, 2005; Horn & McArdle, 2007). Their models have already been
described in this special issue, but there is a neglected third theory that should have been integrated.
In his Triadic (three-in-one) theory on the nature and structure of intelligence, Cattell (1971, 1987,
1998) described three taxonomonic classes of ability involved in any cognitively oriented observed
behavior: General capacities or g’s, provincial organizations or p’s, and agencies (primary abilities) or
a’s. General capacities were conceptualized as broad, higher order factors that function as limiting
properties of the brain; Cattell saw them as operating across all cognitive performances. He specified
four general ability factors: fluid ability (gf), crystallized ability (gc), retrieval/fluency efficiency (gm),
and speed (gt). Cattell also identified a group of local provincial factors, some broader and some
narrower, that are involved with basic pattern perception and organization of sensory and motor
information: Auditory ability (pa), visual ability (pv), tactile ability, kinaesthetic ability, olfactory and
gustatory judgment, as well as cerebellar and general motor abilities. Finally, narrow primary mental
abilities were termed agencies and were conceptualized as aids and proficiencies of sorts that are
learned. These classes of abilities were considered to interact with motivational variables in the
production of behavior. Cattell’s work was very rich in its capacity for testable hypotheses and theory
development.
My personal recollection of the 1999 meetings with Horn and Carroll is that the Cattell-HornCarroll (CHC) name for the model was simply an umbrella term to describe commonalities between
extended Gf-Gc theory and the 3S theory, with both Horn and Carroll indicating that Cattell’s name
should appear first out of respect for his groundbreaking contributions. Woodcock, McGrew,
Fredrick A. Schrank, and Gale Roid (author of the SB5) were also present. Concern was expressed
that the name “Gf-Gc theory” mistakenly communicated that only two broad ability factors, fluid and
crystallized abilities, were involved in the theory. Neither Horn nor Carroll were ever asked to
compromise their unique visions, or even to sign onto the CHC name. To the best of my knowledge,
the decision to adopt the name “CHC” was made by the Woodcock–Johnson test authors
(Woodcock and McGrew, but not Mather) and representatives from Riverside Publishing to facilitate
communication, not for any other purpose. That the CHC name has become the most common way
to describe the synthesis between Horn–Cattell and Carroll’s work is a marketing and public
relations success story. As far as I know, neither Horn nor Carroll changed their individual
theoretical positions in any way to accommodate the synthesis. McGill and Dombrowski (2019)
probably got it right when they cited the circular relationship between CHC and the WJ Cog.
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I can share one other vivid memory from the 1999 meetings with Horn and Carroll. Carroll
and I were talking privately about the nature of crystallized intelligence when he said, “It’s not
about how much you have in the tank, but about your ability to get it into the tank.” I wonder
now whether he was referring to the crystallized learning assemblies described by Snow (1980),
or alternatively Jensen’s (1980) explanation as to why vocabulary tests are such good measures of
g – “the acquisition of word meanings is highly dependent on the eduction of meaning from the
contexts in which the words are encountered” (p. 146). After talking with Carroll, I began to
worry that none of us really knew very much about the mental mechanisms and processes
involved with 3S and Horn–Cattell broad abilities. I was floored when I later learned that Carroll
(1974, 1976, 1981) had made serious efforts to characterize cognitive factors in terms of their
constituent cognitive processes, and that he had developed a complete taxonomy of cognitive
processes used in the performance of elementary cognitive tasks before he started his famous
survey of mental abilities. Carroll’s ultimate goal, I believe, was to survey the full range of
cognitive factors with each factor broken down into its constituent elementary cognitive processes. It would be analogous to setting up Linnaeus’s eighteenth-century binomial nomenclature – which introduced the standard hierarchy of class, order, genus, and species – to classify
species based on their DNA!
After 1999, I had a few subsequent contacts with Carroll, at one time endeavoring unsuccessfully
to persuade him to donate his library to Riverside Publishing. I think that it ultimately found a better
home at the University of North Carolina in Chapel Hill. After leaving Riverside, I contacted Carroll
to ask him if he was interested in doing a hierarchical exploratory factor analysis on the WJ III Cog.
He answered that one was already underway, presumably alluding to the Carroll (2003) re-analysis of
the WJ-R that identified 10 broad Stratum II factors, adding Gq and a new Language factor. Carroll
passed away in 2003. Some representative tributes may be found in the November 2003 issue of the
APS Observer (In Appreciation: John B. Carroll, 2003).
In its current incarnation, CHC has some important distinctions from its constituent contributing
theories – Cattell’s Triadic theory, Horn’s extended Gf-Gc theory, and Carroll’s 3S theory – and fairly
or unfairly, CHC seems to benefit from the scientific credibility of its originators. At this point in
time, CHC theory appears most closely aligned with theWoodcock–Johnson IV Tests of Cognitive
Abilities (Schrank, McGrew, & Mather, 2014) and Cross-Battery Assessment (XBA; Flanagan,
Alfonso, Costa, Palma, & Leahy, 2018; Flanagan, Ortiz, & Alfonso, 2013), with WJ IV co-author
McGrew and W. Joel Schneider (e.g., Schneider & McGrew, 2018) serving as joint stewards.

3. Conceptual Challenges to CHC
CHC is sometimes likened to the periodic table of the elements (e.g., Schneider & McGrew, 2012),
formulated by Russian chemist Dmitri Mendeleev in the nineteenth century. Mendeleev found that
arrangement of all known chemical elements by increasing atomic weight yielded a recurring
pattern, or periodicity of properties, within groups of elements. Mendeleev left gaps in the periodic
table in places where he predicted that undiscovered elements would find their place; moreover, he
accurately predicted the properties to be expected for most of the yet-unknown elements. Beyond its
value in offering a heuristic organization of the properties for chemical elements, it was the capacity
for prediction that made the periodic table so remarkable (e.g., Scerri, 2007). CHC’s lack of
predictive capacity makes other taxonomies like Linnaeus’s binomial nomenclature a better point
of comparison.
Still, the comparison of empirically derived mental factors to the periodic table has long been
a favorite of factor analysts, in part because it implies that we may be able to identify and understand
cognitive abilities at their purest and most elemental level. When reminiscing about his work with
Spearman, Holzinger observed, “We talked about ‘pure’ factors like chemical elements, but since the
atom bomb perhaps this foolish idea may also be exploded” (Holzinger, 1945, p. 234). Near the end
of his life, Edward L. Thorndike (1948), one of the most distinguished psychologists of his era,
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ruefully noted that factor analytic investigations had failed to lead to tests of pure abilities, adding
that he did not believe the mind was composed of pure abilities. David Wechsler (1958) expressed
this idea more bluntly: “The author does not believe in pure abilities any more than he believes in
pure intelligence” (p. 118). Wechsler believed that every human behavior was driven by a host of
factors, some cognitive and some non-cognitive. In the abstract to an early technical report in which
he sought to specify the basic cognitive processes involved in cognitive factors, Carroll (1974, p. iv)
wrote, “There are probably no such things as truly ‘pure’ factors.” Perhaps now, we should put the
periodic table analogy for CHC to rest.
As a general rule of thumb, scientific theories may be distinguished by their capacity to: (a)
identify contributing elements within a construct; (b) logically explain relations between elements;
(c) formulate a meaningful, cohesive, and coordinated set of propositions; and (d) explain observations that are anomalous within other theories (e.g., Kuhn, 1970). Theories are necessarily abstract
and must transcend any particular test or set of observations. In short, a theory is the “glue” that
holds the separate elements together, thereby establishing applied, predictive, and scientific relevance
(Hempel, 1965; Quine, 1977). CHC identifies many psychometric factors, but it fails, at this time, to
describe how these elements fit together and operate dynamically. Construction of a dynamic theory
of mental abilities from factor analyses is not unlike trying to understand the functioning of the
human heart from an examination of a skeleton. Eysenck (1993) went further in his cautions about
psychological models derived from factor analyses, likening them to a chimera (“a fabulous beast
made up of parts taken from various animals” [p. 1299]).
Scientific theories generate testable propositions that can verify or disprove the theory. Popper
(1959, 1965) suggested that the ultimate criterion for the scientific status of a theory is its falsifiability, refutability, or testability. The determination of falsifiability is dependent upon the existence of
at least one potential falsifier – an observation or finding that is excluded from, or logically
contradicted by, the theory. Beyond failures to replicate CHC structures with existing samples and
measures (such as those reported in the section below), I am hard-pressed to identify any specific
research finding that could falsify the CHC model because of its lack of meaningful integration and
coherence. Cattell’s (1952) three basic sets of factor analytic designs may offer more imaginative tests
of (dis)confirmation, such as replication across conditions or over time (e.g., longitudinally) and
replications across persons using Q methodologies.
Another limitation to factor analytically derived structures is how easily they can be changed
when subtests marking new factors are added. The continued accumulation of factors in CHC –
from 10 broad abilities in 1997 to 17 in 2018 (McGrew, 1997; Schneider & McGrew, 2018) –
undermines its very foundation. Factor analysis holds that the inclusion of new marker subtests in
structural analyses of existing cognitive test batteries may fundamentally alter the instruments’ factor
structures. When introducing the first cross-battery analyses, Woodcock (1990) explained that
cognitive factors embedded in a test battery may not be detectable or differentiable without
a sufficient number of reasonably unidimensional marker tests, “so that the factor can be identified
clearly” (p. 238). In the history of the Wechsler intelligence scales, for example, the addition of the
Symbol Search subtest in the WISC-III facilitated the identification of a fourth factor, formerly
defined mainly by the Coding subtest and described as a quasi-specific factor (Cohen, 1959), but
now labelled as a processing speed factor (Wechsler, 1991). More recently, the addition of the Visual
Puzzles subtest in the WISC-V supported the reclassification of the Block Design subtest to a new
visual-spatial factor, while the addition of the Figure Weights subtest contributed to the formation of
a new fluid reasoning factor (Wechsler, 2014). If every newly discovered factor holds the potential to
alter (and potentially invalidate) the factor structure of earlier simpler models, and additional factors
continue to be proposed for the CHC model, then the current version of the CHC model must be
considered tenuous and uncertain at best. For example, Schneider and McGrew’s (2018) recent
announcement of the “Glr divorce,” splitting the broad retrieval factor into two separate broad
ability factors (learning efficiency/Gl and retrieval efficiency/Gr) should be demonstrable simply by
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adding good marker subtests for each of the new factors, thereby disproving the old structure. Only
a coherent overarching theory can provide boundaries limiting the proliferation of CHC factors.
Just as the vestigial structures of humans and animals may serve no discernible function, cognitive
abilities derived from factor analyses do not necessarily have any clinical or educational relevance.
Carroll (1993) was careful to specify that his investigation paid little attention to the validity,
importance, or usefulness of ability factors, adding, “Like tests, factors do not intrinsically and for
themselves have validity; they could be said to have validity only with respect to a given use or
criterion” (p. 693). The determination of a cognitive ability’s functional significance is an empirical
one that is probably best accomplished with both typical students and rigorously-identified exceptional students across a wide range of ages, to identify which abilities best discriminate between
groups in making certain predictions at specific phases of development. The unexpected failure of
visuospatial processing to predict reading or math achievement, for example, led McGrew and
Wendling (2010) to declare a “Gv Mystery” (p. 665), but it is probably unreasonable to expect all
broad abilities to reliably predict heterogeneous conditions like specific learning disorder (SLD).

4. Structural Challenges to CHC
In their challenges to CHC theory, Canivez and Youngstrom (2019) discussed several serious
limitations, including problems with the replicability and cross-validation of CHC factor structures
across samples, measures, and methods. There is, of course, some irony in evaluating CHC through
efforts to replicate the factor structure, given the contributions of Cattell, Horn, and Carroll to factor
analytic methodologies and CHC’s foundations in factor analysis. It can be difficult to disentangle
the method from the results, but as Carroll (1980) commented, “Factor analysis, as such, is not
a theory of intelligence; it is a method of analysis” (p. 14).
If CHC is to avoid falsification, its structure must be replicable across multiple methods, tests, and
samples. Gorsuch (1983) recommended, “Factor the data by several different analytic procedures and
hold sacred only those factors that appear across all the procedures used” (p. 330). Thompson (2004)
presented an array of factor replication methods ranging from cross-validation and re-sampling
techniques (internal replicability) to analyses across independent samples (external replicability).
Structural invariance for CHC should ideally be demonstrated across most of the life span, across
demographic groups, and across special population samples (e.g., intellectually disabled, intellectually gifted, specific learning disabled) that are frequently the subject of cognitive-intellectual
assessments. Finally, while confirmatory factor analyses have always held considerable value for
their capacity to test structural fit to a theoretically specified model, recent years have seen the
method used inappropriately. Abuses cited by Canivez and Youngstrom (2019) involve failures to
test plausible alternative models, failures to test accurately represented hierarchical models, and
misuse or misinterpretation of fit statistics. For example, Canivez and Youngstrom argued that the
CFA fit statistics reported in the WJ IV Technical Manual cannot be objectively interpreted as
supporting the hypothesized CHC model. They report the results of multiple independent efforts to
replicate the CHC factor structure.
“By the sword you did your work, and by the sword you die,” declares Clytemnestra as she
murders her husband in Aeschylus’s Agamemnon. The same sentiment may be applied to the critical
role of factor analysis in constructing CHC. When Keith and Kranzler (1999, p. 303) selected the
title, “The absence of structural fidelity precludes construct validity,” as a rejoinder to their report of
a mismatch between factor structure and underlying theory in a cognitive processing measure, they
probably did not anticipate Dombrowski, McGill, and Canivez's (2017, 2018) failure to replicate
CHC structure in the WJ IV via both confirmatory and exploratory factor analyses. In their
confirmatory analyses, Dombrowski, McGill, and Canivez (2018) reported a better fit of the
Wechsler structure (i.e., verbal comprehension, perceptual reasoning, working memory, and processing speed) for the WJ IV Cog than the seven-factor CHC structure. The failure to replicate CHC
structure using hierarchical exploratory factor analysis (Dombrowski et al., 2017) constitutes further
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serious problems for the theory, especially because the WJ IV was explicitly developed to measure
CHC broad abilities. It strains credulity to imagine that Carroll, already a consultant to WoodcockJohnson development, would not have taken the opportunity to do hierarchical analyses on the WJ
III Cog data if so invited. After all, he re-analyzed WJ-R Cog and Ach data to expand his 3S model in
2003.
Evidence of problems with the factor structure of CHC continues with failures to replicate the 3S
structure in some of Carroll’s (1993) datasets, using confirmatory factor analyses. Benson, Beaujean,
McGill, and Dombrowski (2018) reported that reanalysis of selected Carroll data sets indicates that
Carroll likely extracted too many factors representing Stratum II abilities. Carroll (1998) himself
openly acknowledged that his classification and sorting of factors entailed “a considerable degree of
subjectivity” (p. 8), suggesting problems with the absence of demonstrated interrater reliability for
some of his more critical factor sorting decisions (see Brand, 1993 for similar concerns).
Through these factor analyses, CHC has already taken steps toward falsification. This should be
the end of the discussion, if factor analyses alone were enough to build a theory or to tear it down.
But, I do not believe they are. I am reminded of Cattell’s cautions about building theory on factor
analyses:
The only thing that I found disappointing is the building of necessarily rickety theory on the basis of factor
analysis that is published prematurely without being checked. There is no doubt in my mind that we have
a plague of poor factor analyses – that is to say, factor analyses that are not rotated definitely to simple
structure, to a significant simple structure. I can understand this because you get very weary in long factor
analysis. It reminds me of the early attempts to find the North Pole. There were many attempts before people
got there, but they all thought they got there (Cattell, 1998, pp. 305–306).

Historically, the wisest factor analysts have been aware that the technique has nothing to say about
the use of a test or its factors for clinical or educational decision-making. Thurstone viewed factor
analysis as an early stage in mapping out new areas of study, seeing mathematics and statistics as
servants in the development of a practical, quantitative, and rational science of psychology
(Thurstone, 1940; see also Horst, 1955; Wolfle, 1956). In 1940, he wrote of his strong preference
for laboratory experimentation to understand the nature of primary ability factors after their initial
identification (pp. 190, 204). In the same tradition, Carroll (1983) identified a dozen different
questions involving additional forms of validation to move understanding of psychological constructs beyond factor analyses, such as: (a) the nature of the factor in psychological, behavioral, or
cognitive terms; (b) developmental characteristics of the factor; and (c) the extent to which an
individual’s status on the factor is modifiable through training, practice, or other relatively shortterm environmental manipulations.
Unfortunately, many of these questions remain unanswered for the factors identified in the CHC
framework. Factor analysis should not be indicted as an unimportant methodology in test building
and test score validation, but it is important to recognize that it is merely a tool (or set of tools) to be
used in conjunction with other tools.

5. Applied Challenges to CHC
The target articles in this issue all touch upon questions of how CHC findings may be interpreted by
psychologists for applied use in educational and clinical decision-making, as well as for identifying
and differentiating groups of interest. It is now forgotten that the most successful cognitiveintellectual measures of the twentieth century were developed out of early applied and clinical
efforts. Alfred Binet and Théodore Simon (and Victor Henri before him) piloted many different
assessment procedures before they found ones that helped differentiate abnormal children from the
normal (see e.g., Binet & Simon, 1914, pp. 9, 19–35). Wechsler (1939) cherry-picked the most
popular verbal and nonverbal clinical measures of his time, streamlining, standardizing, and
combining his selection of verbal and nonverbal procedures into his Bellevue intelligence scales –
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the test that launched the Wechsler intelligence scales. There was little theory and even less by way of
factor analyses when these instruments started, but they were practical and worked clinically,
perhaps accounting for their longevity (Wasserman & Kaufman, 2016).
Why, then, are we surprised to learn that CHC is weak in terms of its clinical and educational
applications? It was developed with little attention to its applied use, and while we would hope that
careful study of such a comprehensive system of cognitive abilities would fully uncover its diagnostic
and prescriptive potential, this may just be wishful thinking. As Schwartz (2013) attested in the
debate over aligning the Wechsler factor structure more closely with CHC, “Sometimes psychometric strength does not effectively result in clinical utility.” (p. 184).
It is also deeply ironic that advocates of CHC have seemingly turned away from g in favor of
interpreting broad and narrow ability factors, given that g has well-established credibility in facilitating identification of at least two exceptionalities (i.e., intellectual disability and intellectual
giftedness). In conjunction with significant limitations in adaptive behavior and childhood onset,
a diagnosis of intellectual disability requires very low general intellectual ability (Schalock et al.,
2010). Additionally, indices of general ability on cognitive-intelligence tests remain the cornerstone
for identification of intellectually gifted students (McClain & Pfeiffer, 2012; Wasserman, 2013). In
spite of Carroll’s advocacy of g, the shift away from it toward interpretation of broad and narrow
abilities may be found in most current writings of CHC advocates (e.g., McGrew, 1997; Schneider &
McGrew, 2018; Woodcock, 1990).
The value of cognitive assessment for identification and remediation of SLD has undergone a fullbore assault in the last 15 years, with the preliminary outcome being that cognitive assessment is
increasingly being considered unnecessary (and worse, uninformative) for diagnosis and interventions. To date, CHC broad ability factors – at least as operationalized using the intraindividual
pattern of processing strengths and weaknesses (PSW) – have been shown to be ineffective in both
identifying and intervening with students with SLD (for a review, see Beaujean, Benson, McGill, &
Dombrowski, 2018). CHC PSW methods yield low diagnostic sensitivity, meaning that they fail to
reliably detect students with SLD. Similar criticisms have been made for treatment validity. For
example, both Miciak et al. (2015) and Stuebing et al. (2015) found CHC attributes poorly predicted
treatment response or failed to contribute meaningful information to guide academic interventions
beyond what was provided by baseline academic testing. Consequently, claims of diagnostic or
treatment utility for SLD using CHC broad abilities should be considered unsupported by the
available evidence at this time.
The lack of diagnostic and treatment sensitivity for SLD is not necessarily the fault of CHC, since
psychologists have long been (unsuccessfully) seeking optimal ways to apply cognitive-intellectual
profiles to support the process of diagnosing and intervening with academic skills disorders (see e.g.,
Carroll, 2000; Watkins, 2003). It is possible that the problem is not with the identification methods
per se but instead with an overly heterogeneous and contaminated SLD criterion group. While
prevailing wisdom holds that a SLD in reading is primarily caused by deficient core phonological
processing skills (e.g., Vellutino, Fletcher, Snowling, & Scanlon, 2004), can there be any doubt that
reading disabilities take many forms and are multiply determined? No single prediction approach is
likely to be successful until the criterion group is more narrowly defined, reflecting a discrete SLD
type or subtype.
There are many serious methodological limitations associated with the XBA regression-based
estimation of academic skills from broad and narrow cognitive ability factors (e.g., Evans, Floyd,
McGrew, & Leforgee, 2002; McGrew & Wendling, 2010). Beyond the large confidence intervals that
are typically associated with multiple regression predicted scores, there is the question of whether
regression equations derived from typical student samples or SLD student samples should be
preferentially employed. XBA also uses broad ability factors that mix both specific variance and
general ability variance, effectively rendering the sources of XBA’s predictive capacity unclear
(Canivez & Youngstrom, 2019; McGill, 2017). Is predictive capacity attributable to specific ability
factor variance or to general ability factor variance? McGill (2017) demonstrated empirically that it is
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often the amount of g in broad ability factors – not variance specific to that ability factor – that
accounts for the strength of association to academic skills. Various statistical techniques can address
the problem of mixed variances, such as partialling out the effects of g or using bifactor modeling
(e.g., Benson et al., 2018).

6. Deconstructing CHC
Beyond its specialized use in literary analysis, deconstruction refers to the process of critically
examining a work’s constituent elements to expose unquestioned assumptions, flaws, and contradictions. In this section, I offer a critical examination of CHC, summarizing points that have been
made by the authors in this special issue (and already discussed) as well as adding others of my own.
Twenty challenges to CHC, listed as bulleted points for brevity and clarity, are offered:
● Taxonomy, not theory: At this time, CHC remains more of a taxonomy or compendium of

●

●

●

●

●

cognitive abilities than a coherent scientific theory with the capacity to explain dynamic mental
processes;
An overly expansive scope: CHC, as articulated by Schneider and McGrew (2018), may involve
as many as 20 broad ability clusters and many more narrow abilities, extending beyond
cognitive ability factors to include social and emotional factors (Gei, Emotional Intelligence)
and literacy factors (Grw, Reading, and Writing). Its expansiveness is not wholly unexpected,
given Cattell’s contributions to trait-based factors in personality (beginning in Cattell, 1943a)
and Woodcock’s original assessment system characteristics that included not only cognitive
abilities and achievement skills, but also interests and adaptive functioning (Woodcock, 1977).
I would argue, however, that having CHC include cognitive, achievement, and personality/
emotional factors is premature at this time, given that it still lacks coherence in its conceptualization of cognitive-intellectual factors alone;
Lacking in Parsimony: When two or more theories account for the same facts, according to the
principle of parsimony, the one that is briefer, makes fewer assumptions, and references fewer
unobservables is to be preferred (e.g., Epstein, 1984). Guilford’s structure of intellect (SOI)
began with 25 primary mental abilities and had verified over 100 abilities through factor
analysis at the time of his death, out of 180 predicted abilities (Guilford, 1988). Noting its
lack of parsimony, Cronbach and Snow (1977) called SOI “unprofitably elaborate” (p. 159).
With its proliferating factors, CHC appears to ignore parsimony and show the danger of
becoming another SOI;
Lacking in Falsifiability: CHC does not yet yield testable predictions (beyond model fit or
non-fit), meaning that it does not meet Popper’s (1959, 1965) ultimate criterion (i.e., falsifiability, refutability, or testability) for status as a scientific theory. If a failure to replicate is
evidence of falsification, however, then CHC has already been disproven (see next point);
Failures to Replicate: Evidence of problems with the factor structure of CHC begins with
failures to replicate 3S structure in some of Carroll’s (1993) datasets, using confirmatory factor
analyses. Benson et al. (2018) reported that reanalysis of selected Carroll data sets indicates that
Carroll likely extracted too many factors representing Stratum II abilities. Dombrowki, McGill,
and Canivez (2017, 2018) could not replicate CHC structure in the WJ IV Tests of Cognitive
Abilities using either confirmatory or exploratory factor analysis – a finding that constitutes
a considerable problem for the theory because the WJ IV was explicitly developed to measure
CHC abilities;
Enmeshment with WJ: In psychology, theories need to transcend specific measures. This means
that CHC qualities should be demonstrable on the Woodcock–Johnson as well as other instruments tapping the same abilities. CHC’s enmeshment with the Woodcock–Johnson, however,
implies that an effective invalidation of the Woodcock–Johnson structure also invalidates CHC
(e.g., Dombrowski et al., 2017, 2018). Moreover, it suggests that demonstration of the limited
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value of the Woodcock–Johnson for clinical and educational decision-making means that CHC
also has limited applied value (e.g., Kranzler, Floyd, Benson, Zaboski, & Thibodaux, 2016).
CHC needs to stand on its own, independent from the WJ;
Conflicts of interest: The appearance of potential financial conflicts of interest (CoI) between
the Woodcock–Johnson publisher, authors, and paid consultants as leading advocates for CHC
will ultimately not be helpful for the theory’s scientific status. In order to stand as a scientific
theory (rather than a marketing and public relations triumph), CHC needs stewardship from
independent scholars with no CoI;
Role of g: Recapitulating the historical conflict between Spearman and Thurstone, Carroll gave
psychometric g a prominent place in his 3S theory, whereas Horn and Cattell denied it any
place at all. A reading of work by Woodcock, McGrew, Flanagan, and others leads me to
conclude that they de-emphasize g relative to the broad ability factors. Given g’s status as one of
the most researched variable in all of psychology, this decision appears to be misguided.
Moreover, it ignores confirmatory factor analytic investigations that support Carroll’s hierarchical structure of g and broad abilities – but not Cattell-Horn – across major cognitive
batteries including the WJ (Cucina & Howardson, 2016);
Definition of g: In the Woodcock–Johnson IV, the General Intellectual Ability (GIA) cluster
score is derived from a principal component analysis-based, differentially weighted aggregate
of seven tests, one for each broad factor. Unexpectedly, this proxy for g is not best defined
by fluid reasoning (as found by Gustafsson, 1984; Spearman, 1927; Undheim, 1981) but
instead most strongly by crystallized knowledge, phonological processing, and fluid reasoning measures (see the median WJ IV Cog g weights in Appendix D in McGrew, LaForte, &
Schrank, 2014, p. 72). WJ-R analyses alone led Carroll to conclude that g and fluid reasoning were “significantly separate and different” (Carroll, 2003, p. 14), after he specified in
1993 that g was most strongly associated with fluid reasoning and urged just three years
later “more focused experimental work to establish the identify of g and Gf” (Carroll, 1996,
p. 15). This new operational definition of g represents a substantial (and unacknowledged)
change in its historical meaning;
Incremental validity: To what extent do broad ability constructs uniquely explain variability,
independent of g? Canivez and Youngstrom (2019) demonstrated that use of broad ability
composite scores for the purposes of decision-making ignores the problem that much of the
variance in these scores is due to a mixture of attributes (i.e., g plus broad ability) rather than
the broad ability per se. Once the contribution of g is statistically controlled or partitioned, the
unique variance due to broad abilities is substantially reduced – a finding also reported by
McGill (2017);
The purity question: How pure do broad factors need to be, and is it possible that greater factor
unidimensionality (i.e., narrowness) will reduce predictive validity? Similar challenges of
balancing factor content homogeneity and heterogeneity with implications for predictive
validity have been addressed for objective personality scales by Clark and Watson (1995).
With respect to CHC, Carroll (1993, pp. 583, 605, 624, 628) reported and then discarded
a Stratum II broad ability factor, designated as 2H, that he considered to be a combination of
fluid and crystallized abilities, Gf and Gc. For any number of reasons (not the least of which is
that successful performance of everyday living tasks frequently requires a blend of fluid and
crystallized intelligence), Carroll’s decision to discard the ability factor 2H as being too broad
and heterogeneous is arguable;
Conflation of Gf-Gc with nonverbal-verbal measurement: Across contemporary intelligence
and ability tests, Gf and Gc have become conflated with nonverbal and verbal testing methods.
For example, most CHC measures include a matrix reasoning test (Gf and nonverbal) and
a vocabulary test (Gc and verbal). The Stanford–Binet Fifth Edition (SB5; Roid, 2003) is the only
well-known commercial test to include some verbal-fluid subtests and nonverbal-crystallized
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subtests, and its factor structure has not held up to scrutiny (e.g., Canivez, 2008). Is fluid
reasoning inherently nonverbal and crystallized knowledge inherently verbal?;
Muddled memory: The (in)compatibility of CHC with clinical memory assessment practice has
always been difficult, but some recent developments hold promise for a resolution. I am
referring to the “Glr divorce” (Schneider & McGrew, 2018, p. 85), which separates Glr into
learning efficiency (Gl) and retrieval fluency (Gr) factors. Carroll’s (1993) Broad Retrieval
Ability factor (2R) emphasized fluency (which in neuropsychological assessment is not considered a memory process), while Horn’s Fluency of Retrieval from Long-Term Storage factor
(TSR) instead appeared to emphasize long-term memory processes, complementing his ShortTerm Apprehension and Retrieval factor (SAR) (see e.g., Horn & Blankson, 2005). At the very
least, two explicit memory factors are needed to address cognitive memory structures, based on
joint factor analyses of clinical memory batteries with intelligence tests (e.g., Holdnack, Zhou,
Larrabee, Millis, & Salthouse, 2011);
The speed morass: In their most recent appraisal of CHC, Schneider and McGrew (2018)
specify two broad speed factors – decision speed (Gt) and processing speed (Gs) – with the two
more broad factors strongly associated with speed: psychomotor speed (Gps) and retrieval
fluency (Gr). Their distinctions stem in part from testing paradigms rather than cognitive
abilities per se; for example, Gt describes the speed with which a single item can be performed
whereas Gs involves the average speed with which a series of low difficulty items can be
completed in succession. Their discussion and speculations about speed are admittedly tentative. Some of the blame may be assigned to Carroll (1993), who distributed speed everywhere
through his 3S model. He described narrow speed factors (accompanied by level factors) across
four broad ability factors (fluid intelligence, crystallized intelligence, broad visual perception,
and broad retrieval ability), in addition to two explicit broad speed factors (broad cognitive
speediness, processing speed/decision speed). Carroll (1993) cautiously acknowledged that the
extent to which speed of mental processing could be attributed to general intelligence or to
a broad ability speed factor “is not yet clear from the available research” (p. 653). The absence
of a clear conceptualization for mental speed is a grievous loss, as speed tends to be an
exceptionally sensitive clinical index;
Gq disheveled: CHC offers unnecessary ambiguity on mathematical reasoning. Quantitative
knowledge (Gq) is currently conceptualized in CHC as a construct that is not strictly separate
from Gc and that also perhaps contributes to a content facet of Gf (Schneider & McGrew,
2018). This conceptualization is a mess that does not give Gq its due. Carroll (1993) included
quantitative reasoning as a form of Gf, but Horn specified a separate broad ability factor,
Quantitative Knowledge (Gq), that tapped understanding and application of the concepts and
skills of mathematics (Horn & Blankson, 2005). The treatment of this broad ability factor as
a knowledge factor ignores research on mathematically precocious youth who demonstrate
advanced reasoning skills in math before their formal education begins (e.g., Robinson, Abbott,
Berninger, Buss, & Mukhopadhyay, 1997), as well as the existence of individuals who develop
advanced mathematical thinking independent of instruction (see e.g., the remarkable story of
uneducated Indian mathematician Srinivasa Ramanujan). We have all encountered students for
whom math stands out as a relative strength or weakness, due more to a reasoning aptitude
than to acquired knowledge;
No interrater reliability reported for factors: Carroll (1998) acknowledged that interpretation,
classification, and sorting of 3S factors entailed “a considerable degree of subjectivity” (p. 8).
Schneider and McGrew (2018, p. 84) likewise describe reclassification, relocation, and deletion
of CHC factors based on logical grounds, openly acknowledging “the role of subjectivity” (p.
83) in growing CHC. Pending the development of a better system, the use of multiple blind
expert raters to make classification and sorting decisions permits estimates of interrater
reliability to be calculated for the ability sorting process, and a demonstrably reliable process
is probably preferable to an arbitrary expert process;
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● Still no evidence for the reliability of CHC profiles: Since demonstrations of the relative

instability of cognitive subtest profiles (e.g., Borsuk, Watkins, & Canivez, 2006; Canivez &
Watkins, 2001), it has been considered important to base interpretation on more reliable index
or composite scores, with the composite score representing g consistently showing as the most
stable over time. The reliability of CHC broad ability profiles in clinical groups needs to be
examined, since the instability of cognitive subtest profiles was demonstrated mostly before the
ascent of the CHC broad ability factors;
● Still no evidence of CHC validity in the identification of SLD: Although intelligence testing
remains a cornerstone in the detection of intellectual disability and giftedness, research over two
decades has successfully challenged its value in the identification of SLD (Fletcher et al., 2002;
Francis, Fletcher, & Stuebing, 2005; Hoskyn & Swanson, 2000; Stuebing et al., 2002; Vellutino,
Scanlon, & Lyon, 2000). The merits of PSW approaches have also been successfully challenged
(Kranzler et al., 2016; Miciak, Taylor, Stuebing, & Fletcher, 2018). The potential diagnostic and
intervention usefulness of broad and narrow factors with SLD is a raison d’être for CHC;
● Still no linkage to interventions. CHC ability profiles have not been shown to differentially
predict response to academic interventions beyond baseline academic testing (Miciak et al.,
2015; Stuebing et al., 2015). Consequently, CHC’s capacity to support interventions remains
undemonstrated at this time; and
● Still no plausible linkage to the brain. Thorndike (1901) was perhaps the first psychologist to
specify that any theory of intelligence must offer “some sort of brain correlate for ideational life
and reasoning” (p. 61). In spite of any claims to the contrary, CHC’s neuroscience roots remain
surprisingly weak.
Some of these challenges are not unique to CHC. To the best of my knowledge, no major intelligence
test has yet demonstrated reliable diagnostic profiles, effective identification of SLD, valid linkages to
intervention, and meaningful linkages to neural processes. However, my reading of the availablepublished literature from CHC advocates, as well as Woodcock–Johnson authors, finds unsupported
claims that these goals are now within reach.

7. Looking Forward
The contents of this special issue may be understood as a microcosm of science in action – a dominant
theory of human cognitive abilities for 25 years is undergoing scrutiny and close analysis, in some ways
for the first time. Questions are being asked, incongruities and anomalies are being identified, and
replications are being attempted. Contrary to idealistic expectations about how science advances, there
may be no defining moment when CHC is considered fully and consensually confirmed or disconfirmed.
CHC itself will be amended, fixed and patched whenever possible (see Schneider & McGrew, 2018, for
many ways in which CHC has already changed). For better or worse, this seems to be how science works.
In this issue, McGill and Dombrowski (2019) offer several proposed remedies to advance
psychological science in the study of CHC, and these are worth considering especially those that
involve adoption of a “many labs” multi-site research framework (supporting research and training
needs), transparency for all test software and scoring algorithms (needed for independent scientific
evaluation), and full disclosure of CoI (an ethical need).
A requirement to test plausible rival models in technical manual confirmatory factor analyses
certainly is best practice, but that determination needs to be left in the hands of the test authors and
developers, with the expectation that test reviewers and independent scholars will critically evaluate
any test’s technical analysis decisions. I disagree with the authors about top-down rules including
guidelines for changes in CHC and pre-registration of empirical investigations of CHC, since these
are best left to a free marketplace of ideas and researchers. However, I’d like to adapt some of their
ideas to recommend the following:
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● Set up an archival research bank in an electronic data repository (or better yet at the Cummings

Center for the History of Psychology at the University of Akron) where test standardization
and special population data 10 or more years old may be held and permanently archived for use
by future researchers, according to terms negotiated by the professional association and the test
publishers;
● Hold rotating biennial symposia or “council sessions” at major international conferences to
encourage vigorous debate and presentation of new ideas on CHC;
● Establish websites and university-based centers to serve as informational and research resources
for CHC, as independent from CoI as may be possible.
It is good to see that McGill and Dombrowski (2019) are contemplating ways by which CHC may
undergo change, as Schneider and McGrew (2018) have also suggested guidelines for a process to
update and amend CHC in the most transparent and accessible possible way.
I cannot say with confidence whether CHC will survive another 25 years. Certainly, the original work
of Cattell, Horn, and Carroll will continue to be cited widely, but the CHC developers’ proliferation of
factors reminds me of Guilford’s SOI, which is mostly remembered by intelligence scholars and small
enclaves of practitioners still using Mary Meeker’s SOI-Learning Abilities battery (SOI-LA; Meeker,
Meeker, & Roid, 1985). The SOI-LA was based upon the SOI factors most strongly associated with
academic performance, a path future CHC test builders may need to take. I am concerned that CHC, as
a theory, lacks coherence and dynamic interaction in its working parts. I am concerned about CHC’s
disappointing evidence-based value for applied decision-making, and I am coming to believe that the
clinical and educational failures of CHC may coincide with an end to the practice of comprehensive
cognitive assessment. Finally, in my opinion, CHC desperately needs to be disentangled from the
Woodcock–Johnson Battery, lest it be consigned to the same long-term fate as that battery.
The good news is that in our age of rapid technological advancement, CHC has stimulated new,
out-of-the-box thinking about cognitive and intellectual theories in psychological science. My hope
is that some of our “psychometric iconoclasts” – researchers who conduct the same types of critical
statistical analyses on every new edition of every new test – will turn their attention to improving
CHC theory or building better tests and theories of their own. Ultimately, there is much more
satisfaction in creating something new than tearing something down.
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