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Every step of progress the world has made has been
from scaffold to scaffold, and from stake to stake
—Wendell Phillips, 1851

This book is dedicated to those scholars whose work
has provided us with a scaffold on which to build

David Wechsler
For developing a rich clinical instrument that has provided
important insights into the theoretical construct of intelligence
and the cognitive capabilities of individuals

Raymond B. Cattell and John L. Horn
For developing the Gf-Gc theory of intelligence, a theory that
demonstrates that an individual s intelligence is not a single
ability, but rather a mosaic of many distinct cognitive abilities

John B. Carroll
For articulating a comprehensive, empirically supported
cognitive ability taxonomic foundation that can be used to bridge
intelligence test theory and practice

Richard W. Woodcock
For modeling how to bridge the Gf-Gc theory/measurement gap
with Gf-Gc designed test batteries and for first recognizing that
“crossing” different batteries may be necessary to measure a
great breadth of a person’s Gf-Gc cognritive abilities

Samuel Messick
For reminding psychologists that all psychological measures are
not created equal and that all psychological tests must be based
on strong theory-based construct validity evidence

Alan 8. Kaufman
For providing the “intelligent testing” interpretive framework—
a framework that captures the delicate balance between the art
and science of intelligence lest interpretation
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FOREWORD

ALAN S. KAUFMAN

Clinical Professor of Psychology
Yale University School of Medicine

The history of intelligence testing has often been chronicled--—from Galton to Binet to
Wechsler—and that type of historical perspective can be useful for understanding contem-
porary test practices and controversies. Sometimes, however, it is even more prudent to
stand back and ponder the history of the inferpretation of intelligence tests. That history is
less often discussed, but has its own place in making sense out of the vitriolic bile that
seems to follow IQ) tests like a shadow. This book by Flanagan, McGrew, and Ortiz has
stirred my own memory bank regarding the history of 1Q test interpretation—in part
because of their summary of Kamphaus, Petoskey, and Morgan’s (1997) division of the his-
tory of 1Q test interpretation into four waves, and in part because the comprehensive theory-
based approach to Wechsler interpretation that forms the crux of the Flanagan, McGrew,
Ortiz text reflects the crest of the fourth wave, “applying theory to intelligence test inter-
pretation.”

My own work, primarily Intelligent Testing with the WISC-R (Kaufman, 1979), was
credited with forming an aspect of the third wave (psychometric profile analysis), in con-
junction with the pioneering factor-analytic studies published by the recently deceased
Jacob Cohen (i.e., Cohen, 1959), and paving the way for the fourth wave of theoretical
applications. Yet, I know that other people were far more influential than I was in forming
the bridge between the third and fourth waves, and that a serendipitous set of circumstances
tilled the soil for the interpretive method that would be attributed to me. Let me explain.

First, there was the burgecning leaming disabilities movement that began to gain
steam during the decade of the 1960s. At the end of the decade of the 1950s, the old Stan-
ford-Binet was still the king of assessment, with the Wechsler scales merely the pretenders
to the throne. But spokespersons for the learning disabilities movement such as Sam Kirk,
more likely to reside in Departments of Special Education than Educational Psychology,
made it clear that multiscore IQ tests were essential for proper diagnosis and remediation
and that the one-score Binet was as outmoded as the Model T Ford. Waiting in the wings
was the 1949 WISC, until then a bridesmaid, ready to take over the field. In a way, the
Wechsler takeover of the Binet was similar to Binet’s ultimate triumph over Galton’s psy-
chophysical measure of intelligence. Binet had been developing tasks in his laboratory and
gathering data on children’s abilities since the mid-1880s—Galton’s time as reigning King.
When the French government knocked on Binet’s door in the early 1900s to weed out the
slow thinkers from the créme-de-la-créme in Paris’s school system, Binet delivered his
1905 test in record time; he had it ready and watiting, and just needed to dust off a few parts.
Similarly, when the Binet scale was found wanting by the learning disabilities leaders in
the United States more than a half-century later, the three-IQ and multiple-scaled-score
WISC, waiting a decade for its opportunity, stepped to the forefront of the testing scene.

xiii



xiv

FOREWORD

Arm in arm with Cohen’s factor loadings (fine-tuned with “g” loadings and estimates of
subtest specificity), and given renewed life by new interpretive heroes like Alex
Bannatyne, the WISC began its reign.

During the early 1970s, two fortuitous occurrences happened to me. In 1970, I began
working with master clinician and genius David Wechsler, the same year | earned my Ph.D.
under master psychometrician and genius Robert L. Thorndike, at Columbia University. In
my clinical courses on 1Q) interpretation, I was taught the clinical profile analysis that the
second wave featured, as promoted by Rapaport and others, that somehow was only able to
interpret low scotres on Information in terms of the Oedipal conflict, and the inability to
reverse digits in terms of hostility and a weak super-ego. In my psychometric theory
courses, Thorndike’s bent dominated, and the Cohen statistics assumed primacy. The latter
influence was the strongest in my own development, constantly reinforced by my superiors
at The Psychological Corporation—most of whom, I found out, were also trained by Robert
L. Thorndike (although one went back to his father, E. L. Thorndike). Despite Dr. Wech-
sler’s frequent attempts to get his dull-witted student (me) to see things through an astute
clinician’s eye (his), I always fell back on the psychometric approach. When I wrote an arti-
cle on the factor analysis of the WISC-R (Kaufman, 1975), one that continued the work of
Cohen and was to be frequently cited, | was a practicing and devout coward; T didn’t even
have the courage to change the name of Cohen’s Freedom from Distractibility factor, even
though my instincts told me that it measured some cognitive ability or other, and T could
barely spell the damn thing.

All the while that Wechsler was trying to hammer some sense into my head, so was
my wife and colleague, Nadeen, who was also in a doctoral program at Columbia, but one
that didn’t rely on psychologists to interpret IQ tests and whose clinical and diagnostic
coursework barely overlapped with the coursework in Psychology programs. Nadeen was
in the Learning Disabilities and Neuroscience division of the Department of Special Edu-
cation, and she learned IQ tests not by begging her neighbor to volunteer their children for
practice testing, but by testing individuals of all ages in the Learning Disabilities clinic under
the watchful eye of some superb clinicians. She was being taught to focus on intraindividual
differences, to apply theory to the test-score profile, and to integrate behavioral observations
with the profile of scores. Her mentors, Dr. Margaret Jo Shepherd and the late Dr. Jeannctte
Fleischner, were using different words than my mentor, Dr. Wechsler, but their messages
had a similar ring: Focus on the client, not the profile of test scores; understand this profile
in terms of theory and clinical observations of behavior, background information, and rea-
sons for referral; and use the 1Q test to understand the person’s strengths and weaknesses
so that the test results can be used productively. However, 1 listened with half a brain, con-
vinced that the real answers could be found by sticking to psychometric formulas.

Then [ left my ivory tower and took a position in the School Psychology program at
the University of Georgia, taught the 1Q course, and had to grade case reports. Help! I con-
ferred with Nadeen. I called Dr. Wechsler. This time 1 listened with both hemispheres, inte-
grated what they taught me with my own strait-laced psychometric background, and
developed the method that ultimately was seen as transitioning from wave three to wave
four in the Kamphaus and colleagues (1997) scheme of interpretive history.

And now Flanagan, McGrew, and Ortiz have taken my pleas for an integrated
research-based and theoretical approach to IQ test interpretation to a new level, Tn my writ-
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ings, T asked for rescarch results to be applied to profile interpretation. This book, The
Wechsler Intelligence Scales and Gf-Ge Theory: A Contemporary Approach to Interpreta-
tion, is based on an impressive compilation and integration of research investigations.
Every chapter has research at its foundation. I asked for theory to be applicd to profile inter-
pretation. Flanagan, McGrew, and Ortiz have achieved more than anyone else in operation-
alizing my plea into action. They have accomplished their ambitious goal of applying
Carroll’s (1993a) research-based, comprehensive theory to the complex task of interpreting
Wechsler’s intelligence and memory tests, and have done it in a way that translates to a ver-
itable guide for examiners to follow. One of the basic tenets of my approach to IQ test inter-
pretation is to supplement Wechsler's scales with pertinent tasks to round out the
assessment and to follow-up hunches and hypotheses. This psychoeducational approach to
assessment (courtesy of patient, hands-on teaching by Nadeen, and vicarious meatorship
from Dr. Shepherd and Dr. Fleischner) has been implemented to near perfection by Flana-
gan and colleagues via their numerous valuable tables that systematically categorize tasks
from the diversity of other IQ tests that are available to clinicians. The authors of this text
have also systematically applied research concerning the inclusion of basic concepts in the
directions to children, the need to understand item difficulty gradients, and other subtle
aspects of Wechsler’s tasks, in their development of helpful interpretive sheets for each
component subtest.

The 1990s have witnessed two major sophisticated, high-quality psychometric
approaches to intelligence test interpretation: The research conducted by Glutting, McDet-
mott, and their colleagues on profile interpretation and the research by Flanagan, McGrew,
and their colleagues on the cross-battery technique. Both sets of research programs have
been based, either directly or indirectly, on the now controversial approach to profile inter-
pretation espoused by me, Randy Kamphaus, Jack Naglieri, Alex Bannatyne, and others,
and tracing its roots both to Wechsler's clinical use of test scores and Kirk’s psycholinguis-
tic use of test scores. Both groups of researchers have contributed significantly to the test-
Interpretation scene by advancing the application of psychometrics to profile analysis.

Yet Glutting and McDermott have used the results of their research as an obstacle for
clinicians, as purveyors of gloom-and-doom for anyone foolish enough to engage in profile
interpretation. In contrast, Flanagan and McGrew have applied their research findings to
elevate profile interpretation to a higher level, to add theory to psychometrics and thereby
to improve the quality of the psychometric assessment of intelligence.

In a footnote to a reference to a Glutting and McDermott study, Anastast and Urbina
(1997) state: “One problem with several of the negative reviews of Kaufian’s approach is
that they seem to assume that clinicians will use it to make dccisions based solely on the
magnitude of scores and score differences. While it is true that the mechanical application
of profile analysis techniques can be very misleading, this assumption is quite contrary to
what Kaufman recommends, as weil as to the principles of sound assessment practice” (p.
513).

One thing is obvious to me. Flanagan, McGrew, and Ortiz have internalized sound
assessment principles. And they might even understand my method of profile interpretation
better than T do.

A S K.






SR BRI R B S R R B e

PREFACE

JEA BRI R

This book has one overarching goal-—to modernize the interpretation of the Wechsler Intel-
ligence Scales by applying Gf-Ge¢ theory and the cross-battery approach to intellectual
assessment and interpretation. This book represents a focused extension of the Intelligence
Test Desk Reference (ITDR): Gf-Gc Cross-Battery Assessment (McGrew & Flanagan,
1998), in which the cross-battery approach was first introduced. The Gf-Ge cross-battery
approach is a time-efficient method of intellectual assessment that allows practitioners to
measure validly a wider range (or a more in-depth but selective range) of cognitive abilities
than that represented by any one intelligence battery in a manner consistent with contem-
porary psychometric thecry and research. Whereas the ITDR briefly described how to use
the cross-battery approach to supplement the major intelligence batteries (including the
Wechsler scales), this book provides an in-depth treatment of how to use cross-battery prin-
ciples and techniques to augment the Wechsler Intelligence Scales (WPPSI-R, WISC-III,
WAIS-II) in a psychometrically defensible manner and interpret the results of Wechsler-
based cross-battery assessments within the context of current theory and research.

In the process of writing this book and applying the Gf-Gc cross-battery approach to
the Wechsler Intelligence Scales, we have gained a greater appreciation of the foundational
sources of information on which our assessment approach is based. In particular, this book
builds on the seminal work of David Wechsler, Raymond Cattell, John Horn, John Carroll,
Richard Woodcock, Samuel Messick, and Alan Kaufman. Through their extensive
research, ideas, and writings, these scholars have contributed significantly to our develop-
ment of the Wechsler-based Gf-Ge cross-battery approach in several important ways.

First, few psychologists would argue the fact that David Wechsler’s Intelligence
Scales currently dominate the practice of intelligence testing. Although we have been crit-
ical of certain aspects of the Wechsler Scales in our writings, there is little doubt in the
pages that follow that our work has been influenced directly and indirectly by the writings
of David Wechsler.

According to one who knew him well, Wechsler succeeded largely because he was
able to anticipate the needs of practitioners and had the courage to challenge the prevailing
Stanford-Binet monopaly (Kaufman, 1990a). Similarly, it is our hope that the Wechsler Gf-
Ge cross-battery approach presented in this book will meet the emerging needs of assess-
ment professionals who have recognized the gap between intelligence theory and practice.
However, because our ideas and procedures necessitate a change in thinking and practice
with regard to the Wechsler Intelligence Scales, our recommended use and interpretation
of these batteries may be met with resistance by some, this time due to the prevailing Wech-
sler monopoly, which carries with it a limited test-kit focus. Qur approach suggests a shift
in focus from a circumscribed set of measures (as represented by a single intelligence bat-
tery) to a theory-driven method of organizing assessments and making interpretations.
Thus, our Wechsler-based G/-Ge cross-battery approach is not intended to denigrate the
Wechsler Scales, but rather, to modernize these measures thereby extending Wechsler’s
legacy.

xvii
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Second, the seminal theoretical work of Raymond Cattell, John Horn, and John Car-
roll played a prominent role in the development of our assessment approach. Cattell, Homn,
and Carroll’s contributions have, in our judgement, provided a convincing argument that a
hierarchical multiple-ability theory, such as those represented by the Hom-Cattell GFGe
and Carroll Three-Stratum models, best describes the structure of human intelligence. Fur-
thermore, the network of validity evidence (e.g., substantive, structural, and external) that
supports the Gf-Ge structure of intelligence argues strongly for the use of this framework
as a guide to the selection and interpretation of all intelligence batteries.

Third, readers familiar with the /7TDR will recognize the “three pillars of cross-battery
assessment” presented in Chapter 6 of this book. Briefly, the Gf-Ge cross-battery approach
is predicated on three major sources of information: (1) the Gf~Gc theory of intelligence,
(2) cross-battery factor-analysis-based classifications of the individual tests in all major
intelligence batteries at the broad (stratum II) level of the Gf-Gc model, and (3) expert con-
sensus-based classifications of individual tests at the narrow (stratum I) level of the Gf-Ge
model. All three pillars provide evidence from which valid inferences can be drawn from
cross-battery organized test scores. The second and third pillars focus on increasing validity
through the reduction of construct irrelevant variance and construct underrepresentation,
respectively—two ubiquitous sources of invalidity in traditional assessment and interpre-
tation approaches. The three cross-battery pillars (the latter two in particular) are best con-
ceptualized as being part of a larger overarching theory-based construct validity framework
that rests solidly on the work of Samuel Messick. The writings of Messick have allowed us
to more accurately place the Wechsler-based Gf-Gc cross-battery approach within a “hig
picture” construct validity structure.

Fourth, the application of the cross-battery approach to the Wechsler Intelligence
Scales is consistent with the influential writings of Alan Kaufman. Kaufman’s prominent
“intelligent” approach to Wechsler intelligence test interpretation is at the core of our teach-
ing, writing, research, and practice. To be sure, Kaufan's approach to intelligence test
interpretation—an approach that recognizes that “clinical assessment is part art, part sci-
ence” (Kaufman, 1994, p. 27)—permeates much of the Wechsler-based G£-Gc cross-bat-
tery approach presented in this text.

In summary, the process of extending the Gf~Ge cross-battery approach to the inter-
pretation of the Wechsler Intelligence Scales has made us more cognizant of the shoulders
on which we stand—Wechsler, Cattell, Horn, Carroll, Woodcock, Messick, and Kaufman.
We hope our humble efforts to integrate their contributions and extend them to the use and
interpretation of the Wechsler Intelligence Scales do justice to their work.

Organization

This book is organized in three sections. Part I (Linking Contemporary Intelligence Theory
and Practice: An Overview) consists of three chapters. In Chapter 1, the Wechsler Intelli-
gence Scales are placed in historical and contemporary perspective. This chapter is
arranged around Kamphaus’s conceptualization of intelligence test interpretation as repre-
senting four waves, beginning in the fate 1900s through present day. The Wechsler Scales
have been an integral part of each wave of test interpretation. This book is an attempt to
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ground the Wechsler Scales firmly in the fourth, theory-based wave of intelligence test
interpretation. Chapter 2 provides an overview of the current state-of-the-art of intellectual
assessment, and describes the progress that has been made in both psychometric theory
development and intelligence test development. An integrated Cattell-Horn-Carroll Gf-Ge
model is presented and defined in this chapter. Support for the Gf-Ge framework as the
most well validated and researched theoretical model of multiple cognitive abilities within
the psychometric tradition is presented in this chapter. Also, the Wechsler Scales are
described according to the extent to which they operationalize prominent abilities specified
in the Gf-Ge structure of intelligence. In Chapter 3, the extant literature on the validity of
the Wechsler Intelligence Scales is evaluated according to substantive, structural, and
external validation criteria. This chapter shows how Gf-Gc theory can be linked to the
applied measurement of cognitive abilities using the Wechsler Scales. Specifically, we
impose a strong substantive framework to the interpretation of the Wechsler Intelligence
Scales via McGrew and Flanagan’s (1998) G/-Gc cross-battery approach. The end result is
the derivation of more valid inferences from Wechsler test scores. Together, Chapters 1
through 3 of this book provide the foundational knowledge on which our approach to using
and interpreting the Wechsler Intelligence Scales was based.

Part II of this text (Descriptions and Evaluations of the Wechsler Intelligence and
Wechsler-Linked Memory Scales) provides a comprehensive review of the psychometric,
theoretical, and qualitative characteristics of the individual subtests of the WPPSI-R,
WISC-III, WAIS-IIT, WMS-ITI, and CMS. Chapter 4 describes these test characteristics in
detail and relates each characteristic to the test interpretation process. In addition, the psy-
chometric (e.g., reliability, g loading, floors/ceilings), theoretical (e.g., G~ Ge broad and
narrow ability classifications), and qualitative (e.g., individual/situational factors that influ-
ence performance, degree of cultural loading, degree of linguistic demand) characteristics
for each individual test of the Wechsler Scales are presented on summary pages (one page
per test) in an easy-to-read, visual-graphic format at the end of Chapter 4. Chapter 5 pro-
vides a brief description of the importance of supplemental cognitive ability tests in the
assessment and interpretation process. All cognitive ability tests included in this chapter are
described according to the Gf-Ge theoretical model and are used in subsequent chapters to
supplement the Wechsler Intelligence Scales. Finally, like Chapter 4, Chapter 5 provides
test characteristic summary pages for the Wechsler-linked memory batteries (i.e., WMS-III
and CMS).

Part IIT describes the product of grounding cognitive ability assessment and interpre-
tation with the Wechsler Scales in strong theory and research—the Wechsler-based Gf-Ge
cross-battery approach. The foundation, rationale, and application of this approach are pre-
sented in Chapter 6. In this chapter, we argue strongly for a theory- and research-based
approach and highlight the utility of this approach in uncovering intracognitive strengths
and weaknesses particularly as it applies to the identification and diagnosis of learning dis-
abilities. Chapter 7 provides a comprehensive approach to interpreting G£-Gc cross-battery
data using a case example. Finally, Chapter & extends the Wechsler-based Gf-Ge cross-bat-
tery approach to multicultural and multilingual populations. Numerous tables, figures,
flowcharts, and Gf-Ge cross-battery worksheets are provided throughout this book to assist
the reader in the process of infusing this material in their current practice. In addition, the
appendices provide valuable information, such as a Gf-Ge cross-battery interpretive report,
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a “user-friendly” guide to understanding Gf-Gc abilities, a percentile and standard score
conversion table, and information about ability-achievement discrepancy analyses, that is
also intended to assist Wechsler users in the application of the psychometrically and theo-
retically defensible cross-battery approach.

Intended Audience

This book is intended for practitioners, researchers, and scholars who seek to infuse current
theory and research in their use and interpretation of the Wechsler Intelligence Scales. Prac-
titioners, university trainers, students, researchers and other professionals in school, clini-
cal, counseling, and educational psychology as well as neuropsychology, who use the
Wechsler Intelligence and Memory Scales in applied settings would find this book valu-
able. This book would be appropriate for a graduate course in beginning or advanced intel-
ligence testing, measurement, and psychoeducational assessment. This book is also
particularly valuable for those who seek an organized, systematic, and theory-based
method for evaluating cognitive functioning in children, adolescents, and adults, including
those from culturally and linguistically diverse backgrounds.
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The Wechsler Scales
in Perspective

Historical and Contemporary Views

No theory is good unless it permits, not rest, but the greatest work. No theory is
good except on condition that one use it to go on beyond.
—André Gide (1913)

Few things in life achieve preeminent stature without some merit. Substance is, after all,
the fundamental criteria against which we assess greatness in nearly every case. Within the
field of applied psychological assessment, the substantive elements underlying the Wech-
sler Intelligence Scales have served to propel these instruments to positions of dominance
and popularity unrivaled in the history of intellectual assessment. The concepts, methods,
and procedures embodied in the design of the Wechsler Scales have been so influential, that
they have guided the majority of development and research in the ficld over the last half
century. Virtually every reviewer of these scales, including those who voice significant
concerns about the test, acknowledge the monumental impact and position of central
importance that the scales have occupied in scientific endcavors aimed at understanding the
nature of human intelligence and cognitive abilities. For example, despite the critical con-
tent and tone of their review, McDermott, Fantuzzo, and Glutting (1990) assert their “deep
respect for most of the Wechsler heritage™ by stating that “were we to say everything we
might about the Wechsler Scales and their contributions to research and practice, by far our
comments would be quite positive” (p. 291).

Kamphaus (1993) has also observed that praise flows from the pages of the majority
of those who have written about the Wechsler Scales. The titles of many articles in the pro-
fessional literature continue to illustrate the heights to which the Wechsler Scales have been
elevated; for example, “King WISC the third assumes the throne” (Kaufman, 1994b).
Although such praise of the Wechsler Scales has always exceeded their criticisms, they
have not been without their detractors. In fact, critics of the Wechsler Scales offer compcl-
ling arguments that outline onc or more significant deficiencies in these instruments {e.g.,
Braden, 1995; Little, 1992; McGrew, 1994; Shaw, Swerdlik, & Laurent, 1993; Stemberg,
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1993; Witt & Gresham, 1985). Nonetheless, it remains clear that when viewed from a his-
torical perspective, the importance, influence, and contribution of David Wechsler’s instru-
ments to the science of intellectual assessment can neither be disputed nor diminished.
The purpose of this chapter is neither to pay another tribute to the Wechsler Scales
nor present a thesis regarding its failings. Rather, the purpose of this chapter is to provide
factual and historical information regarding the Wechsler Scales and to trace developments
that have occurred in attempts to interpret and derive meaning from the Wechsler scores.

The Wechsler Scales:
History and Approaches to Interpretation

Kamphaus, Petoskey, and Morgan (1997) offered an extended treatment of the historical
precedents and contemporary developments regarding interpretive approaches with the
Wechsler Scales. These authors describe the history of intelligence test interpretation in
terms of four waves: (1) quantification of a general level; (2) clinical profile analysis; (3)
psychometric profile analysis; and (4) application of theory to intelligence test interpreta-
tion. Kamphaus and colleagues” four-wave framework will be used to organize the current
treatment of the development of the Wechsler Scales and, more importantly, the evolution
of approaches to interpreting the Wechsler Scales.

The First Wave: Quantification of General Level

To a large extent, the widespread acceptance of the carly intelligence tests {the Stanford-
Binet, in particular) was grounded in the conclusion that intelligence tests offered an objec-
tive method for creating distinet groups of people differentiated on the basis of their general
intelligence, According to Kamphaus and colleagues (1997), this represented the first wave
of intelligence test interpretation and was driven by practical considerations related to clas-
sification of individuals into separate groups.

During this period, the focus in interpretation for most all individually administered
intelligence tests was on the omnibus IQ. The dominant influence of Spearman’s g theory
of intelligence and the age-based Stanford-Binet Scale, combined with the fact that factor-
analytic and psychometric methods were not available for the identification of multiple
cognitive abilities, contributed to an almost exclusive focus on using a global IQ to classify
individuals, In turn, a number of classification systems were proposed for organizing indi-
viduals according to their global 1Q.

Some of these early classification systems used labels that corresponded to medical
and legal terminology (e.g., idiot, imbecile, and moron). Although the Wechsler Scales did
not contribute to the early classification efforts during most of this interpretive wave,
Wechsler eventually made a significant contribution. He proposed a classification scheme
that rclicd less on evaluative terminology (albeit, it still contained the terms defective and
borderline) and more on meaningful deviations from the mean that reflected the “preva-
lence of certain intelligence levels in the country at that time” (Kamphaus et al., 1997, p.
35). With some refinements, interpretation of intelligence tests in the present day continue
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to be based on this type of classification system, as distinctions are still made between indi-
viduals who are mentally retarded, learning disabled, and gifted, for example.

It appears that Wechsler accepted the prevailing ideas regarding g and the definition
of intelligence as a global entity along the lines already postulated by Terman, Binet, Spear-
man, and others (Reynolds & Kaufman, 1990) when he offered his own definition of intel-
ligence as being “the aggregate or global capacity of the individual to act purposefully, to
think rationally and to deal effectively with his environment.” Wechsler specified that this
definition “avoids singling out any ability, however esteemed (e.g., abstract reasoning), as
crucial or overwhelmingly important” (Wechsler, 1939, p. 3) and implies that any one intel-
ligence subtest is readily interchangeable with another.

The Second Wave: Clinical Profile Analysis

Kamphaus and colleagues (1997) identified the second wave in interpretation as clinical
profile analysis and suggested that the publication of the Wechsler-Bellevue (W-B; Wech-
sler, 1939) was pivotal in spawning the profile approach to interpretation, an approach that
sought to understand individuals beyond identification of their global intellectual ability.
The relationship between the development of the Wechsler Scales and the second wave of
interpretation, as well as subsequent historical and conceptual developments of the Wech-
sler Scales and approaches to interpretation, is summarized in Figure 1.1.

The Wechsler-Bellevue Intelligence Scale, Form I, published in 1939 (a slightly
updated version, Form I, was published in 1946), represented an approach to intellectual
assessment in adults that was differentiated clearly from other instruments available at that
time (¢.g., the Binet scales). The W-B was comprised of 11 separate subtests, including
Information, Comprehension, Arithmetic, Digit Span, Similarities, Vocabulary, Picture
Completion, Picture Arrangement, Block Design, Digit Symbol, and Coding. Perhaps the
most notable feature introduced with the W-B that contributed to an emphasis in interpre-
tation on more than a global 1Q was the grouping of subtests into the now familiar Verbal
and Performance dichotomy, an organizational structure that was based on the notion that
intelligence could be expressed and measured through both verbal and nonverbal modes of
communication. ln attcmpting to clarify his use of and the distinction between the verbal
and nonverbal methods for assessing intelligence, Wechsler asserted that this dichotomy:

[D]oes not imply that these are the only abilities involved in the tests. Nor does it presume
that there are different kinds of intelligence, e.g., verbal, manipulative, etc. It merely
implies that these are diffcrent ways in which intelligence may manifest itself. (Wechsler,
1958, p. 64)

Another important feature pioneered in the W-B revolved around the construction
and organization of subtests. At the time, the Binet Scale was ordered and administered
sequentially according to developmental age, irrespective of the task. In contrast, Wechsler
utilized only 11 subtests, sach scored by points rather than age, and each with a sufficient
range of item difficultics to encompass the entire age range of the scale.

In his writings, Wechsler often shitted between conceptualizing intelligence as a sin-
gular entity (the first wave) and conceptualizing it as a collection of primary mental abili-
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ties, a notion more consistent with the emphasis on profile interpretation during the second
wave. At times he appeared to encourage the practice of individual interpretation of sub-
tests, and suggested that each one represented a relatively distinct and different measure of
intellectual ability (McDermott, Fantuzzo, & Glutting, 1990). To many, this position seems
to represent a theoretical contradiction to his prior meticulous atternpts not to equate gen-
eral intelligence with the sum of separate intellectual abilities. This shift in viewpoint may
have been responsible, in part, for the development of methods for interpreting the con-
structs underlying individual subtests that established the trend toward profile analysis.

Unquestionably, the structure, organization, and innovations found in the original
W-B were impressive, practical, and in many respects, superior to any other instruments
available in 1939. More importantly, the structure and organization of the W-B scale stim-
ulated the pioneering efforts of Rapaport, Gill, and Schafer (1945-46) to invent approaches
to test interpretation that focused on understanding the meaning behind the shape of a per-
son’s profile of subtest scores. According to Kamphaus and colleagues (1997), a new
method of test interpretation developed under the assumption that “patterns of high and low
subtest scores could presumably reveal diagnostic and psychotherapeutic considerations”
(p. 36). Thus, during the second wave of intelligence test interpretation, the W-B (Wech-
sler, 1939) provided the major impetus for developing a variety of procedures for deriving
diagnostic and prescriptive meaning from not only the shape of Wechsler subtest profiles,
but also Verbal and Performance discrepancies and, in some cases, individual item
responses.

In addition to the enormous scope of Rapaport and colleagues’ (1945-46) diagnostic
suggestions, their approach to understanding profile shape triggered a furious rush of inves-
tigations that sought to establish the psychological functions underlying the infinite variety
of profile patterns and the nature of their relationships to cach other. Perhaps as a conse-
quence of the enormous clinical appeal of the approach espoused by Rapaport and col-
leagues, Wechsler (1944) helped relegate general level assessment to the back burner while
increasing the heat on the analysis of profile shape.

The search for meaning in discrepancies and profiles was carried over to interpreta-
tion of the Wechsler Intelligence Scale for Children (WISC; Wechsler, 1949}, a downward
extension of the W-B. The WISC was comprised of the same 11 subtests used in the W-B,
but was modified to assess intellectual functioning in children within the age range of 6 to
16 years. The subtests were grouped into the verbal and performance categories ag before,
with Information, Comprehension, Arithmetic, Digit Span, Similarities, and Vocabulary
making up the verbal subtests, and Picture Completion, Picture Arrangement, Block
Design, Object Assembly, and Coding comprising the performance subtests. The WISC
also provided scaled scores for each subtest and yielded the ubiquitous Wechsler composite
scores: Full Scale 1Q (FSIQ), Verbal IQ (VIQ), and Performance IQ (PIQ).

Although the search for diagnostic meaning in differences between Wechsler scores
represented a more sophisticated approach to intelligence test interpretation, it also created
additional methodological problems. With enough practice, just about any astute clinician
could provide a rational interpretation of an obtained profile to fit the known functional or
dystunctional patterns of any individual. Notwithstanding, simple analysis of profile shape
or scatter did not create diagnostic or treatment utility automatically. Although the next
wave in intelligence test interpretation sought to address such methodological flaws with
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the clinical profile analysis method, this dominant interpretive approach remains in practice
today (Kamphaus ct al., 1997).

The Third Wave: Psychometric Profile Analysis

As presented in Figure 1.1, the original W-B scales were revised and updated into a single
instrument in 1955. The name was aligned with the existing juvenile version {(1.e., WISC)
and became known as the Wechsler Adult Intelligence Scale (WAIS; Wechsler, 1955).
Major changes and revisions included incorporating Forms I and IT of the W-B into a single
scale with a broader range of item difficulties, realigning the target age range to include
ages 16 years and older (which climinated overlap with the WISC, creating a larger and
more representative norm sample) and refining the subtests to improve reliability.

Within this general time petiod, technological developments in the form of comput-
ers and readily accessible statistical software packages to assist in intelligence test interpre-
tation, provided the impetus for what Kamphaus and colleagues (1997) called the third
wave of interpretation—psychometric profile analysis. The work of Cohen (1959), which
was based extensively on the then new WAIS (Wechsler, 1955), sharply criticized the clin-
ical profile analysis tradition that defincd the second wave. For example, Cohen’s factor-
analytic procedures revealed a viable three-factor solution which rivaled the dichotomous
Verbal-Performance model and remained the de facto standard for the Wechsler Scales for
decades. Also, by examining and removing the variance shared between subtests, Cohen
demonstrated that the majority of Wechsler subtests had very poor specificity (i.e., reliable,
specific variance). Thus, the frequent clinical practice of interpreting subtests as rcliable
measures of a presumed construct was not supported. Kamphaus and colleagues (1997)
summarize Cohen’s significant contributions that largely defined the third wave of test
interpretation as threefold: (1) empirical support for the Full Scale TQ based on analysis of
shared variance between subtests; (2) development of the three-factor solution for interpre-
tation of the Wechsler Scales; and (3) revelation of limited subtest specificity questioning
individual subtest interpretation.

The most vigorous and elegant application of psychometric profile analysis to intel-
ligence test interpretation occurred with the revision of the venerable WISC (Wechsler
Intelligence Scale for Children—Revised; Wechsler, 1974). Briefly, as summarized i Fig-
ure 1.1, the WISC-R utilized a larger, more representative norm sample than its predeces-
sor, included more contemporary-looking graphics and updated items, eliminated content
that was differentially familiar to specific groups, and included improved scoring and
administration procedures. Armed with the WISC-R, Kaufman (1979) articulated the
essence of the psychometric profile approach to intelligence test interpretation in his sem-
inal book, Intelligent Testing with the WISC-R (now superceded by Intelligent Testing with
the WISC-III; Kaufman, 1994).

Kaufman emphasized flexibility in interpretation and provided a logical and system-
atic approach that utilized principles grounded in measurement theory. Reflective of the
underlying philosophy of the psychometric profile analysis wave, Kaufman’s approach
required the examincr to have a greater level of psychometric expertise than might ordi-
narily be posscssed by the average clinician. Anastasi (1988) lauded and recognized that
“the basic approach described by Kaufman undoubtedly represents a major contribution to



CHAPTER 1/ The Wechsler Scales in Perspective 7

the clinical use of intelligence tests. Nevertheless, it should be recognized that its imple-
mentation requires a sophisticated clinician who is well informed in several fields of psy-
chology™ (p. 484). In some respects, publication of Kaufman’s work can be viewed as an
indictment against the poorly reasoned and unsubstantiated interpretation of the Wechsler
Scales that had sprung up in the second wave (clinical profile analysis). Kaufinan’s focal
message was the notion that interpretation of Wechsler intelligence test performance must
be conducted with a higher than usual degree of psychometric precision and must be bascd
on credible and dependable evidence, rather than merely the clinical lore which surrounded
carlier interpretive methods. The psychometric profile analysis approach was alsa applied
readily to Wechsler’s downward extension of the WISC (i.e., the Wechsler Preschool and
Primary Scale of Intelligence; WPPSI; Wechsler, 1967).

Despite the enormous body of literaturc that has mounted over the years regarding
profile analysis of the Wechsler Scales, this form of interpretation, even when upgraded
with the rigor of psychometrics, must be regarded as a perilous endeavor, hecause it is
largely without empirical support, and it is not grounded in a well-validated theory of intel-
ligence. With over 75 different profile types discussed in a variety of areas, including neu-
ropsychology, personality, learning disabilities, and juvenile delinquency (McDermott,
Fantuzzo, & Glutting, 1990), there is considerable temptation to believe that such analysis
is reliable. It must be remembered, however, that many studies (e.g., Hale, 1979; Halc &
Landino, 1981; Hale & Saxe, 1983) have demonstrated consistently that “profile and scat-
ter analysis is not defensible” (Glutting, McDermott, Watkins, Kush, & Konold, 1997;
Kavale & Forness, 1984, p. 136). In a mcta-analysis of 119 studies of the WISC-R subtest
data, Mueller, Dennis, and Short (1986} concluded that using profile analysis with the
WISC-R in an attempt to differentiatc various diagnostic groups is clearly not supported.
Recent evaluations regarding the merits of profile analysis have produced similar results
{e.g., Glutting, McDermott, & Konold, 1997; Glutting et al., 1997b; Kamphaus, 1993;
McDermott, Fantuzzo, Glutting, Watkins, & Baggaley, 1992; Watkins & Kush, 1994). The
nature of the controversy surrounding clinical profile analysis, with or without the applica-
tion of psychometric theory, was brought to the forefront by McDermott and colleagues
(1990) in their substantive discussion of'the subject. After extensively reviewing the subtest
analysis literature and investigating the diagnostic utility of Wechsler subtest scatter bascd
on their own sound analyses of nationally representative datasets, McDermott and col-
leagues conciuded, “until preponderant and convincing evidence shows otherwise, we are
compelled to advise that psychologists “just say no’ to subtest analysis” (p. 299).

The Fourth Wave: Application of Theory

The third wave’s less-than-impressive results at improving intelligence test interpretation
set the stage for the fourth and current wave, described by Kamphaus and colleagues (1997)
as application of theory. The need to integrate theory and research in the intelligence test
interpretation process was articulated best by Kaufman (1979). Specifically, Kaufman
commented that problems with intelligence test intcrpretation can be attributed largely to
the lack of a specific theoretical base to guide the practice. He suggested that it was possible
to enhance interpretation significantly by reorganizing subtests into clusters specified by a
particular theory. In essence, the end of the third wave of intelligence test interpretation and
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beginning of the fourth wave was marked by Kaufman'’s pleas for practitioners to ground
their interpretations in theory, as well as his efforts to demonstrate the importance of link-
ing intellectual measurement tools to empirically supported and well-established concep-
tualizations of human cognitive abilities.

1n contrast to the Wechsler Scales’ central role in the development of new approaches
to test interpretation (c.g., clinical and psychometric profile analysis), recent revisions of
the Wechsler trilogy (i.e., WPPSI-R, WISC-ITT, WATS-R/WAIS-IIT) have (unfertunately)
failed to ride the next wave of test interpretation (i.e., the fourth “theoretical” wave). As
scen in Figure 1.1, since the early 1980s the WPPSI and WISC-R have undergone one revi-
sion each (WPPSI-R; WISC-TIT) and the WAIS has undergone two revisions (WAIS-R;
WAIS-IIT). However, neither instrument changed substantially from its predecessor.
Changes to the basic structure, item content, and organization of the WPPSI-R and WISC-
11 were relatively minimal, with the most obvious changes being cosmetic. However, the
WISC-I1I introduced four new composite score indexes, Verbal Comprehension (VC), Per-
ceplual Organization (PO}, Freedom from Distractibility (FD), and Processing Speed (PS),
to supplement the subtest scaled scores and the FSIQ, VIQ, and PIQ. This version of the
WISC also contains onc new subtest, Symbol Search.

In terms of structure, organization, and content, the WAIS-R did not represent a sig-
nificant departure from the WAIS. As summarized in Figure 1.1, the more salient changes
reflected in the WAIS-R included a new norm sample, revised item graphics, more durable
materials, and updated item content. The WAIS-TII, however, reflected more substantive
revisions, including mere careful attention to the factor structure and statistical linkage to
other measures of cognitive functioning and achicvement. Of course, the WAIS-III also
included the more typical changes, such as the use of updated color graphics with improved
item content, and the adoption of the composite indexes first introduced with the WISC-I1L
The WAIS-III, like the WISC-III, yields a VC, PO, and PS index; however, the FD index
was renamed the Working Memory (WM) Index in the WAIS-IIL. This change most likely
reflected the considerable controversy over whether FD was a viable construct, as well as
the increasing recognition of the importance of working memory in understanding (predict-
ing) specific academic skills, Adding a working memory construct to the underlying factor
structure of the WAIS-III led to the development of a working memory test (1.c., Letter-
Number Sequencing) and a slight reorganization of subtests, based on the results of factor
analyses (Wechsler, 1997). The organization of subtests according to the respective under-
lying factor structures of the WPPSI-R, WISC-III, and WAIS-III is presented in Table 1.1.

Although the latest versions of the WISC-III and WAIS-III provide more factor-
based composite scores for interpretation than their predecessors (i.e., VC, PO, FD, PS, and
WM), the fact remains that nearly all current options for interpreting Wechsler test perfor-
mance are not grounded in any contemporary theorctical model of intelligence. This failure
o ground the latest revisions of the Wechsler Scales in a contemporary theoretical model
is at variance with Kaufman’s (1979} admonition for intelligence tests and intelligence test
interpretation to become more theory-based.

The fact that the Wechsler Intelligence Scales lack theoretical substance cannot, in
his absence, be attributed to David Wechsler. Admittedly, David Wechsler was not often
considered a theoretician in his own right and the name “Wechsler” is rarely followed by
the word theory in the professional literature. Discussions of his work invariably refer to



TABLE 1.1 Factor Indexes and Organization of Subtests in the Current Wechsler

Intelligence Scales

TEST

FACTOR

SUBTEST

WPPSI-R

Verbal Comprehension vO)

Information
Similarities
Vocabulary
Comprehension
Arithmetic
Sentences

Perceptual Organization (PO)

Picture Completion
Block Design
Mazes

Animal Pegs
Geometric Designs

WISC-III

Verbal Comprehension (VC)

Information
Similaritics
Vocabulary
Comprehension

Perceptual Organization (PO)

Picture Completion
Picture Arrangement
Block Design

Object Assembly

Freedom from Distractibility
(FD)

Arithmetic
Digit Span

Processing Speed (PS)

Coding
Symbol Search

WAIS-II

Verbal Comprehension (VC)

Information
Similarities
Vocabulary
Comprehension

Perceptual Organization (PO)

Picture Completion
Block Design
Matrix Reasoning

Working Memory (WM)

Arithmetic
Digit Span
Letter-Number Sequencing

Processing Speed (PS)

Digit Symboi-Coding

Symbol Search

R B D R
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Wechsler’s views, or Wechsler’s definition, and not Wechsler's theory. However, il he
were alive today, the possibility exists that the Wechsler Scales would have kept abreast
with the theoretical focus of contemporary intelligence test development and, may have
even led these efforts.

Although Wechsler’s name is still listed as the author of all revisions since his death
in 1981, this most likely reflects contractual obligations. The publisher of the Wechsler
Scales, as well as the members of the work groups organized by the publisher, are more
accurately responsible for the slow, incremental changes in the Wechsler Scales. Historical
continuity and tradition apparently has played a stronger role than theoretical consider-
ations in the revisions of the Wechsler Scales.

In addition to a greater focus on the development and revision of intelligence tests
based on a theoretical framework during the fourth wave, Kamphaus (1993, 1998) extended
the portion of Kaufman’s intelligent testing approach that espouses a method for integrat-
ing theory and hypothesis validation in the test interpretation process. Briefly, Kamphaus
warned against the practice of using results from intelligence tests in isolation, without the
benefit of other supporting data. In addition, he emphasized the need to base interpretations
on research evidence and theory. Central to this approach is the a priori specification of
hypotheses relevant to the referral questions. The development of such hypotheses changes
the nature of the assessment and interpretive process from exploratory to confirmatory.
Typical clinically based profile analyses generally require the clinician to gather a wide
variety of evidence and, subsequently, engage in attempts to make sense of it a posteriori.
Conversely, Kamphaus suggested that a hypothesis should arise from already existing evi-
dence and then be tested specifically (see case study presentation in Chapter 7). A crude
analogy of this distinction may be expressed as the difference between a leisurely fishing
trip and a hunting expedition—catching anything that bites versus setting out for specific
game.

The primary purpose of this book is to provide a method for guiding interpretation of
the Wechsler Scales from an underlying modern theoretical foundation. The theory-based
interpretive approach outlined in the subsequent chapters represents an attempt to move the
Wechsler Scales into the currents of the fourth wave of intelligence test interpretation (i.e.,
application of theory). Figure 1.2 illustrates the various theoretical, empirical, and interpre-
tive components that are combined and integrated to create the basic principles of the pro-
posed assessment and interpretive approach.

The approach described herein is an outgrowth of the publication of the Intelligence
Test Desk Reference (ITDR): Gf-Gc Cross-Battery Assessment (McGrew & Flanagan,
1998), which introduced a comprehensive application of theory-driven assessment and
interpretation known as the cross-battery approach. One of the core components of the
cross-battery approach rests on the adoption and application of an cmpirically supported,
modern theory of intelligence. The two upper boxes on the left side of Figure 1.2 illustrate
the development of an integrated Carroll (1989; 1993a) and Horn-Cattell (Horn, 1985;
1988; 1989; 1991) Gf-Gc theoretical model that is supported with considerable empirical
research that establishes construct validity. The arrows leading from these boxes indicate
their integration as the foundation for the Gf~Gc based classification of intelligence batter-
ies and supplemental tests according to the broad (Stratum 1) and narrow (Stratum T) abil-
ities they measure. In other words, theory specifies the structure and empiricism supports
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it. The two lower boxes on the left side of Figure 1.2 illustrate the integration of knowledge
related to the psychometric, theoretical, and qualitative properties of tests with a rational
and sound approach to assessment and interpretation (e.g., Kaufman’s intelligent testing
approach). The arrows leading from these boxes indicate their integration into a compre-
hensive, systematic, hypothesis-driven approach to cross-battery based assessment and
interpretation, which also rests on the knowledge base of the broad and narrow Gf-Ge clas-
sifications described in the previous text.

Each of these major developmental and structural components are presented and dis-
cussed in detail in the chapters that follow, including the manner in which they may be
applied in the assessment of culturally and linguistically diverse populations (see Chapter
8). As such, the remaining chapters of this book offer a formal Wechsler-based Gf-Ge
cross-battery approach that merges intelligent testing with intelligent interpretation. When
fully integrated, we believe that the resulting cross-battery approach represents a pioneer-
ing effort in line with the fourth wave of intelligence test interpretation.

Conclusion

The contributions to the science of intellectual assessment made by David Wechsler
through his intelligence scales are many and substantial, if not landmark. Although he is
not recognized as an important theoretician in the strictest sense, this neither detracts from
his accomplishments nor diminishes his innovations in applied psychometrics. Wechsler
was a well-known clinician and, as such, he intentionally placed significant importance in
developing tasks that had practical, clinical value, and not merely theoretical value. Thus,
the driving force behind the development of the Wechsler Scales was no doubt based
equally, if not more, on practical considerations rather than theorctical ones. Zachary
(1990) stated, “when David Wechsler published the original Wechsler-Bellevue Scales in
1939, he said relatively little about the theoretical underpinnings of his new instrument;
rather, he followed a pragmatic approach. He selected a set of tasks that were easy to
administer and score” (p. 276). Detterman (1985) also attributed much of the popularity of
the Wechsler family of tests to their “ease of administration fostered by an organization of
subtests that are brief. . . and have long clinical histories™ (p. 1715). For better or worse,
Wechsler’s primary motivation for constructing his tests was to create an efficient, easy-to-
use tool for clinical purposes; operationalizing them on a specific theory of intelligence was
not of paramount importance.

1t can be argued reasonably that the popularity and longevity of the Wechsler Scales
is more strongly attributed to atheoretical featurcs. Wechsler introduced numerous innova-
tions into the arena of applied intelligence testing that had an immediate appeal to assess-
ment professionals and aided in creating the Wechsler Scales as a viable challenger and
alternative to the Binet scales (Reynolds & Kaufman, 1990). Some of the more notable fea-
tures introduced with the various Wechsler Intelligence Scales included: (1) separate norms
for children and adults (with the introduction of the WISC; Wechsler, 1949); (2) the provi-
sion for the calculation of subtest standard scores, which made the test open to profile inter-
pretation; (3) multiple-channel assessment that allowed for a fairer method of determining
performance through verbal and nonverbal means; and {(4) calculation of a new type of stan-

il &
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dard score, the Deviation IQ, which greatly reduced the theoretical and statistical inadequa-
cies of the Ratio IQ (Zimmerman & Woo-Sam, 1985). In addition, there is some evidence
that Wechsler's instruments might have reached their preeminent status precisely because
of his reputation as a clinician (Zimmerman & Woo-Sam, 1985). Iirespective of the true
reasons for the immediate acceptance and lasting popularity of the Wechsler Scales, their
influence on the research and practice of psychology is unparalleled.

In spite of these accomplishments and accolades, under the critical eye of subsequent
advancements in the field, the failurc of the Wechsler Scales to keep abreast of contempo-
rary intetligence research cannot be ignored. As will be described in Chapters 2 and 3, the
extant literature reveals that the Wechsler Scales lack a modern theoretical base, prefer his-
torical continuity over scientific innovation, and are dominated by practical rather than the-
oretical considerations—all of which raise doubts about the validity of inferences drawn
from some of the Wechsler subtest and composite scores. It is clear that meaningful use and
interpretation of the Wechsler Scales require the adoption of an alternative (fourth wave)
approach in which contemporary theory, research, measurement principles, and hypothesis
validation are integrated. Such alternative approaches to measuring intelligence with the
Wechsler Scales are necessary in order to reliably and validly assess a broader and more in-
depth range of abilities than that which can be accomplished through traditional methods.

Previous attempts have been made to adapt the Wechsler Scales in ways that improve
diagnostic precision and interpretive accuracy. However, the research into clinical and psy-
chometric profile analyses is not convincing, and the reliability and validity of such prac-
tices are questionable. We believe that clinical judgment and experience are insufficient
stanchions on which defensible interpretations can be built. In contrast, the application of
theory to intelligence test use and interpretation is be ginning to form a solid empirical base.
The Gf-Ge cross-battery approach offered in this book has considerable promise as an effi-
cient, theoretically and statistically defensihle method for assessing and interpreting the
broad array of cognitive abilities specified in contemporary psychometric theory. The sub-
sequent chapters of this book demonstrate how the principles and procedures of this
approach can be applied to the Wechsler Scales in order to advance the scicnce of measur-
ing multiple cognitive abilities when using these instruments as the core battery in assess-
ment, including the assessment of individuals from diverse cultural and linguistic
backgrounds.



. CHAPTER

Theories and Measures
of Intelligence

A Continuum of Progress within
the Psychometric Tradition

Classification is arguably one of the most central and generic of all our
conceptual exercises...without classification, there could be no advanced
conceptualization, reasoning, language, data analysis, or for that matter,
social science research.

—XK. D. Bailey (1994)

A]though the approaches varied across the four waves of intelligence test interpretation
described in Chapter 1, they all shared a common goal—the classification of individuals
according to their cognitive abilitics. The process of analyzing and classifying human cog-
nitive abilities “has intrigued scientists for centuries” (Kamphaus et al., 1997, p. 33) and is
a manifestation of the longstanding quest, since the beginning of our existence, to under-
stand the world by creating order. Intelligence tests (such as the Wechsler Scales) have
served as the taxonomic or classification tools of researchers and practitioners who have
sought to understand and create order within the domain of human cognitive abilities.

Intelligence Tests as Taxonomic Tools

Systematic attempts to classify various parts of the world date back to the Greeks, notably
Aristotle, who developed an elaborate taxonomic system for classifying the animal king-
dom {Dunn & Everitt, 1982; Lorr, 1983). Today classification is an “activity that is essen-
tial to all scientific work” (Dunn & Everitt, 1982, p. 9). Indeed, a specialized science of
classification of empirical entities known as taxonomy (Bailey, 1994; Prentky, 1994) is
ubiquitous in all fields of study, because it guides our search for information or truth.

14
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For centuries, we have both observed and sought to classify and understand differ-
ences between people. For example, Plato believed in assigning individuals to tasks for
which they were best suited, and Aristotle studied gender and racial differences in mental
charactetistics (Minton & Schneider, 1980). These carly observations and attempts to clas-
sify individuals illustrate one of the few irrefutable laws in psychology—the law of indi-
vidual differences.

Individual differences are evident in the considerable variability that exists across all
human traits such as weight, height, temperament, inteliect, social skills, and facial charac-
teristics. Thurstone (1935) captured the essence of individual difference in cognitive abili-
ties when he stated:

A large class of human activity is that which differentiates accomplishments. Just as it is
convenient to postulate physical forces in describing the movements of physical objects, s0
it is natural to postulate abilities and their absence as primary causes of the successful com-
pletion of a task by some individual and of the failure of other individuals in the same task.
(p. 45)

More recently, Neisser and colleagues (1996) conveyed a similar theme when they stated
that “individuals differ from one another in their ability to understand complex ideas, to
adapt effectively to the environment, to leamn from experience, to engage in various forms
of reasoning, to overcome obstacles by taking thought” (p. 77). Thus, for many years schol-
ars have offered the trait or construct of infelligence to explain and clarify the complex set
of phenomena that account for individual differences in various cognitive capabilities.

Attempts to define the construct of intelligence and to explain and classify individual
differences in intellectual functioning have spanned decades and have been characterized
by significant variability. The differences between theories of intelligence is exemplified
by the various multiple intelligences models that have been offered or revised recently to
explain the structure of intelligence (some of which serve as the theoretical foundation of
current fourth wave attempts to improve test interpretation). These include Carroll’s Three-
Stratum Theory of Cognitive Abilities, Gardner’s Theory of Multiple Intelligences, the
Cattell-Hom Fluid-Crystallized (Gf-Gc) theory, Feurestein’s theory of Structural Cognitive
Modifiability (SCM), the Luria-Das Model of Information Processing, and Sternberg’s Tri-
archic Theory of Intelligence (see Flanagan, Genshaft, & Harrison, 1997, for a comprehen-
sive description of these theories). Each of these theories represents an attempt o
comprehend a class of phenomena and, ultimately, fulfill the chief goal of science—to min-
imize the mental effort needed to understand complex phenomena through classification
(Thurstone, 1935, p. 45). To achieve this goal, each theory of intelligence provides a taxo-
nomic framework for classifying and analyzing the nature of the cognitive characteristics
that account for the variability in observed intellectual performance among and between
individuals.

The remainder of this chapter presents a summary of the state-of-the-art theories of
intelligence and provides the context within which the Wechsler Intelligence Scales are
evaluated according to contemporary Gf-Ge theory, the theory that we believe provides the
best framework for moving the interpretation of the Wechsler Scales into credible theory-
based (fourth wave) interpretation.
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Three General Paradigms for Conceptualizing
and Measuring Intelligence

“There is an unlimited number of ways in which nature can be comprehended” (Thurstone,
1935, p. 47). At a general level, the variability in the theories and measures of intelligence
can be explained by differences in underlying research traditions in psychological measure-
ment. Taylor (1994) suggests that the psychometric, information processing, and cognitive
modifiability theories are the most prominent approaches used to conceptualize the mea-
surement of intelligence. !

The psychometric or structural approach “attempts to measure performance along
dimensions which are purported to constitute the fundamental structure of the psychologi-
cal domain” (Taylor, 1994, p. 185). In the psychometric approach, psychological tests that
yield scores on quantitative scales are used. Correlational and factor analytic methods are
employed typically to analyze these scores and identify ability dimensions that form the
structure of individual differences in cognitive ability (Gustafsson & Undheim, 1996). The
Wechsler Scales and the various approaches to the interpretation of intelligence tests that
characterized all four waves of test interpretation (described in Chapter 1) are all products
of the psychometric approach to measuring intelligence.

Information-processing theories are more recent in origin (largely since the 1960s)
and, in general, have taken a cognitive-rational view of human intellectual functioning
using the computer analogy of humans as information processors. In general, information
processing theories are “limited capacity theories of cognitive competence” (Taylor, 1994,
p. 185) that are concerned with how information is processed efficiently during problem
solving and everyday tasks. Information processing approaches view individuals who can
process information efficiently through one or more “bottlenecks” as being competent or
intclligent. For example, working memory is considered to be a bottleneck because it is a
limited-capacity system that can only hold and process a finite amount of information at
any one time. As a result, if information is not processed efticiently through working mem-
ory, the entire system does not perform at an optimal ievel. Individuals who have developed
skills and strategies for efficient processing of information through working memory can
perform at higher levels and are thus considered to be more inteliigent (Taylor, 1994),

Information processing research typically uses fine-grained computer-administered
chronometric measures of human performance and functioning (e.g., inspection time, aver-
age evoked potentials, nerve conduction velocity, reaction time). Currently, practical adap-
tations of chronometric measures to applied intelligence testing have yet to surface,
However, the recent addition of a test of working memory (viz., Letter-Number Sequenc-
ing} to the WAIS-III (Wechsler, 1997) and the third edition of the Woodcock-Johnson
(WU-II; Woodcock et al., in press), as well as tests of attention, planning, and rapid auto-
matic naming to the WI-ITT and Cognitive Assessment System (CAS: Das & Naglieri,
1997) suggests that information processing concepts are beginning to influence the design
and interpretation of intelligence batteries.

Cognitive modifiability theories are based primarily on Vygotsky’s (1978) view that
cognitive development is a social phenomenon. In particular, they have focused on the
“capacity of humans to adapt to circumstantial demands-—in other words, to learn to func-
tion effectively in their environment” (Taylor, 1994, p. 187). Underlying this conception of
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cognitive development is the belief that intelligence is dynamic, modifiable, and change-
able. Dynamic assessment, which evolved from cognitive modifiability theories, “refers to
approaches to the development of decision-specific information that most characteristi cally
involve interaction between the examiner and the examinee, focus on learner metacognitive
processes and responsiveness to intervention, and follow a pretest-intervene-posttest
administration format (Lidz, 1987; 1991)” (Lidz, 1997, p. 281).

Three general approaches to dynamic assessment have been proposed {Laughon,
1990). In general, dynamic assessment approaches are characterized by an attempt to mea-
sure processes through the integration of teaching into the assessment process. With the
exception of the Kaufman Adolescent and Adult Intelligence Test (KAIT) and the Wood-
cock-Johnson series of intelli gence batteries (Woodcock & Johnson, 1977, 1989: Wood-
cock et al., in press), none of the major individually administered intelligence tests include
actual lcarning tasks, let alone tasks and procedures that are consistent with the dynamic
assessment model. Kaufman’s (1979) criticism of the WISC-R’s failure to include actual
learning tasks, especially of higher-order cognitive abilities, continues to apply to all revi-
sions of the Wechsler trilogy. The reader is referred to Budoff (1968; 1974; 1987), Feuer-
stein (1970; 1972; 1979), and Campione and Brown (1987) for a description of the varying
dynamic assessment procedures. The interested reader is also referred to Feuerstein, Feuer-
stein, and Gross’s (1997) cogent description of perhaps the most well-known of the
dynamic assessment procedures, the Learning Potential Assessment Device.

In summary, the psychometric approach to understanding the structure of intelli-
gence is the oldest and most established of the three approaches, dating back to Galton’s
attempt, in the late 1800s, to measure intelligence with psychophysical measures (Stern-
berg & Kaufman, 1998). It is also the approach that is the most research based and that has
produced the most economically efficient and practical instruments for measuring intelli-
gence (e.g., Wechsler Scales) (Neisser et al., 1996; Taylor, 1994). Psychometric theorics
and measures continue to be the dominant force even during the current theory-based wave
of interest in test interpretation. On the other hand, to date, the newer information process-
ing and cognitive modifiability theories have produced little in the way of practical mea-
surement tools. The reader is referred to Carroll (1993a), Gustafsson and Undheim (1996),
[ttenbach, Esters, and Wainer (1997}, Kamphaus (1993), Sattler (1988), and Thorndike and
Lohman (1990) for historical information on the development of psychometric theories of
intelligence.

Psychometric Theories and Measures of Intelligence:
Where Do the Wechsler Intelligence Scales Fit?

The evolution of research on intelligence measures and psychometric theories chronicles
the many attempts and progressions toward specifying a “complete” taxonomy of human
cogmitive abilities. In lieu of a detailed discussion of this research literature, an adaptation
and extension of Woodcock’s {1994) “continuum of progress in theories of multiple intel-
ligences” is presented. This continuum, shown in the top of Figure 2.1, summarizes the that
was then-this is now progression of psychometric theories of intelligence. In addition to this
continuum, the bottom of Figure 2.1 depicts a parallel continuum of prominent approaches
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to the applied measurcment of intelligence. Through an examination of Figure 2.1, the rela-
tion between the respective theoretical benchmarks and intelligence measures is readily
apparent. It is important to note that the continua presented in Figure 2.1 do not portray lin-
ear timelines; rather, they portray the progress in understanding and measuring the struc-
ture of human intelligence. Note also that the specific theories listed under the theory
continuum are illustrative examples and are not intended to represent a complete list of
theories.

That Was Then: Early or “Incomplete” Taxonomic
Theories and Models of Intelligence

Spearman’s g-Factor Theory

Sir Francis Galton is considered by many to be the father of differential psychology. How-
ever, the birth of the psychometric research tradition, by and large, is considered to have
begun with Spearman’s (1904; 1927) presentation of the general or g-factor theory of intel-
ligence and his development and application of factor analytic methods to general mental
ability measures (Jensen, 1998). In fact, Spearman’s 1904 paper, “General Intelligence
Objectively Determined and Measured,” is “perhaps the single most important paper in the
history of differential psychology and psychometrics™ (Jensen, 1998, p. 21). The funda-
mental premise of Spearman’s theory is that a single g or general intelligence ability
accounts for the performance of individuals on most all types of cognitive tasks. As dis-
cussed in Chapter 1, Spearman’s general factor theory was largely responsible for the focus
on the quantification of a general level of intellectual functioning during the first wave of
intelligence test interpretation.

Although Spearman’s g theory is typically described as a single-factor theory (as dis-
played in Figure 2.1), this characterization is not completely accurate. In addition to the
large g factor, Spearman’s theory also includes smaller specific (s) factors. Spearman even-
tually became interested in specific cognitive ability factors and, together with Karl
Holziner, developed the bi-factor model. According to Carroll (1993a), if Spearman had
lived beyond 1945, he most likely would have converged on a multiple abilities model sim-
ilar to the ones proposed by other rescarchers (e.g., Thurstone’s primary mental abilities,
which is discussed later in this chapter). As shown in Figure 2.1, the most notable applhied
measure of intelligence that reflects the g model was the omnibus Stanford-Binet Intelli-
gence Scale (Terman, 1916; Terman & Merrill, 1937; Terman & Merrill, 1960; Terman &
Merrill, 1972), which provided a single composite intelligence score. The g-based Binet
was the intelligence test that achieved preeminent status during the first wave of intelli-
gence test interpretation.

Dichotomous Theories and Models

The demise of Spearman’s bi-factor model had begun as early as 1909, primarily as a result
of the evidence presented by Sir Cyril Burt in favor of group factors. According to Jensen
(1998), by 1911, Burt’s data had convinced most psychologists that it was more reasonable
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to accept the existence of group factors, in addition to g and s. The evidence for factors
beyond g resulted in a variety of attempts to develop both theories and measurcs of group-
factor abilities. The recognition that a complete understanding of intelligence required the
measurement and interpretation of abilitics beyond g set the stage for the eventual devel-
opment and interpretation of new intelligence tests, or the post-hoc interpretation of exist-
ing intelligence tests (viz., the Binet) in a more differentiated manner {e.g., the clinical and
psychometric profile analyses that characterized the second and third wave of test interpre-
tation, respectively).

One of the more prominent dichotomous models of intelligence was Cattell’s (1941;
1957) original fluid (Gf) and crystallized (Gc) intelligence theory. Cattell, who earned his
doctoral degree under Spearman, suggested that g was not a unitary trait, but rather a com-
posite of two different types of general factors or abilities representing novel problem solv-
ing (Gf) and consolidated knowledge (Gc) (Jensen, 1998).

The dichotomous Gf-Ge theory did not result in any widely used practical assessment
instrument at the time. However, many attempts were made to interpret intefligence batter-
ies according to the dichotomous Gf-Gec model during the second and third waves of test
interpretation. In the case of Wechsler’s tests, differences between the Verbal and Perfor-
mance scales have been suggested to be “indicative of differences in fluid and crystallized
ability rather than in verbal and nonverbal thinking” (Kaufman, 1994, p. 167). As will be
seen in subsequent chapters, only the Verbal/Ge Wechsler interpretation is supported by
contemporary research.

Although the KAIT (Kaufman & Kaufman, 1993) is a relatively new intelligence bat-
tery, its organization around the dichotomous Gf~Ge model has warranted its placement
near the “older” end of the theory continuum in Figure 2.1. As will be presented later in this
scction, John Horn’s program of research had a significant impact on the evolution of Cat-
tell’s model into a multidimensional group-factor theory. This theory has significantly
influenced the development of theory-based intelligence tests, as well as the current fourth
wave theory-based methods for interpreting intelligence test performance (McGrew &
Flanagan, 1998).

Without a doubt, the Wechsler verbal/nonverbal (performance) model of intelligence
is the most widely recognized dichotomous model of cognitive abilities. It is also the model
that has produced the most frequently used intelligence batteries to date (viz., the Wechsler
Intelligence Scales). As discussed in Chapter 1, David Wechsler designed his first scale
based on a combination of clinical, practical, and empirical considerations (Kaufman,
1990a; Zachary, 1990) and did not regard the Verbal-Performance dichotomy as represent-
ing two different types of intelligence. Rather, his intent was to organize the tests to reflect
the two different ways (i.e., two different “languages”) through which intelligence can be
expressed (Kamphaus, 1993; Reynolds & Kamphaus, 1990, Zachary, 1990). Although ver-
bal abilities represent a valid cognitive ability construct (i.e., crystallized intelligence),
there is no such thing as ronverbal abiliry—only abilities that are expressed nonverbally.
While the above information is presented in greater detail in the “theory” section of this
book, it should serve to remind assessment professionals that the various versions of Wech-
slet’s Scales were not (and are not) based on an empirically supported theory of intelli-
gence. The relation between the Wechsler model and contemporary empirically bascd
models of intelligence is discussed later in this chapter.



CHAPTLUR 2/ Theories and Measures of Intelligence 21

Finally, since the early to mid 1980s there has been intercst in developing tests that
have their roots in a neuropsychological model of cognitive processing advanced by Soviet
neuropsychologist, A. R. Luria (Sternberg, 1997). Luria’s work (1966; 1970; 1973; 1980),
plus related experimental and cognitive psychological research (Anokhin, 1969; Broad-
bent, 1958; Das, Kirby & Jarman, 1979; Hunt & Lansman, 1986), has suggested a model
of cognitive processing based on two to four mental operations (Kamphaus, 1990; 1993;
Kamphaus & Reynolds, 1984; Kaufman, 1984; Kaufman & Kaufman, 1983; Naglieri,
1997; Naglieri & Das, 1990).

As reflected in Figure 2.1, the two-factor simultaneous/successive processing model
of intelligence spawned the development of the Kaufman Assessment Battery for Children
(K-ABC; Kaufman & Kaufman, 1983). Simultaneous processing, primarily associated
with the right cerebral hemisphere, is involved in the integration or synthesis of stimuli into
groups when the individual components of the stimuli are interrelated (Kaufman, 1994;
Naglieri, 1997). In contrast, successive processing, typically associated with left-hemi-
sphere functioning, is involved when the individual stimuli are processed in a scrial order
and there is no point in time at which the stimuli are interrelated.

The K-ABC was the first norm-referenced cognitive battery that was designed pri-
marily to operationalize the simultaneous and successive processing dichotomy. When
evaluated in the context of current psychometric research and theory, the K-ABC has been
found to assess only a very limited range of known mental abilities, namely visual process-
ing and short-term memory (Carroll, 1993a; McGrew & Flanagan, 1998; Woodcock,
1990). According to Carroll (1993a), visual processing and short-ferm memory factors
have been included in the cognitive factor analytic research literaturc well before the pub-
lication of the K-ABC; therefore, “there is little if anything that is new in the K-ABC test”
{p. 703).

Attempts have also been made to interpret the Wechsler Scales from the simulta-
neous/successive processing framework (Kaufman, 1994). From this perspective the
Wechsler perceptual organization tests (viz., Picture Completion, Block Design, and
Object Assembly) are interpreted as measures of simultaneous processing, while the Pic-
ture Arrangement, Digit Span (forward) and Coding tests are interpreted as indicators of
successive processing. The reader is referred to Kaufiman (1994) for details regarding the
application of this dichotomous model to the Wechsler Scales.

“Incomplete” Multiple Intelligences Theories and Models

The carliest attempt to identify multiple intelligences—a development that contributed to
the proliferation of attempts to understand a person’s profile of abilitics via clinical and
psychometric analysis—was undoubtedly Thurstone’s factor-analysis-based efforts (o
identify primary mental abilities (PMA; Thurstone, 1938; Thurstone & Thurstone, 1941).
The PMA theory suggested that, rather than being a function of g, performance on psycho-
metric tests of cognitive ability was due to a number of primary mental abilitics or faculties
such as Space, Pereeptual Speed, Number, Verbal Meaning, Word Fluency, Mcmory, and
Inductive Reasoning (Kamphaus, 1993). Thurstone’s PMA model is significant, as most
modem test construction tends to be based on it (Taylor, 1994). Although some of the pri-
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mary mental abilities are reflected in certain Wechsler tests (e.g., Verbal Meaning and the
Vocabulary test; Number and the Arithmetic test), these are post-hoc interpretations; the
original Wechsler Scales and subsequent revisions were not explicitly constructed to oper-
ationalize all or part of the PMA model. Other examples of factor analytically based models
are seen in the works of Burt (1949), French, Eckstrom, and Price (1963), and Vernon
(1961). Given the benefit of hindsight, the generation of multiple intelligences theories
described thus far is now seen as being relatively “incomplete.”

As depicted in Figure 2.1, the simultaneous/successive processing model has recently
evolved into a four-construct Planning, Attention, Simultaneous, and Successive model
(PASS; Das & Naglieri, 1997; Naglieri & Das, 1997) based oi the work of A. R. Luria
(1966). Planning, which has been an important construct in the neuropsychological arena,
is one of a number of activity-rclated executive functions used to identify and organize
steps required to achicve a goal or carry out an intention. It is characterized by forward
thinking, the gencration of alternatives, the weighing and making of choices, and the devel-
opment of a framework or structure that provides direction in the completion of a plan
(Lezak, 1995). According to Naglieri (1997), attention involves those processes that allow
individuals to focus and respond to a particular stimulus while concurrently ignoring com-
peting stimuli.

The Cognitive Assessmeni System (CAS; Das & Naglicri, 1997) is a psychometric
intelligence battery specifically designed to operationalize the PASS modcl. Thus, it is an
example of a recent attempt to move test interpretation into the fourth wave. Based on inde-
pendent research and reviews (Carroll, 1993a; 1995a; Kranzler, Flanagan, & Keith, 1999;
Kranzler & Keith, in press; Kranzler & Weng, 1995}, the CAS is classified as an incomplete
measure of cognitive abilities and its underlying theory. In addition to the above sources,
the reader is referred to McGrew and Flanagan (1998), Das, Naglieri, and Kirby (1994),
Naglieri (1997), and Chapter 5 of this book for additional information regarding the differ-
ing interpretations of the constructs measured by the CAS.

There have been recent attempts to interpret the Wechsler Scales from the perspec-
tive of the PASS model. Naglieri (1997) suggested the following: (1) the Wechsler Perfor-
mange scale is primarily (but not exclusively) a measure of simultaneous processing; (2)
Digit Span (forward only) measures successive processing; and (3) the Verbal scale repre-
sents verbal/achievement abilities that involve a variety of PASS processes. Although
Naglieri believes that planning and attention are not adequately assessed by the Wechsler
Scales, Kaufman (1994) suggested that the Wechsler Scales Processing Speed Index mea-
sures planning ability and that the Arithmetic, Digit Span, and Digit-Symbol/Coding sub-
tests, which fall under the Freedom from Distractibility factor, measure attention. The
reader is referred to Das and colleagues (1994), Kaufman (1994), and Naglieri (1997) for
detailed discussions of hypothesized PASS interpretations of the Wechsler Scales. As will
be demonstrated in Chapter 3, the extant cognitive abilities factor analytic research does not
support either Naglieri’s (1997} or Kaufman’s (1994) interpretations of the Wechsler-
PASS relationship. Rather, this research suggests that the Wechsler subtests are best under-
stood as measures of a narrow range of Gf-Ge abilities.

As presented in Figure 2.1, the majority of currently used intelligence batteries are
classified as incomplete measures of multiple cognitive abilities (viz., CAS, Differential
Abilities Scales [DAS; Elliott, 1990a}, Stanford-Binet Intelligence Scale: Fourth Edition



CHAPTER 2 / Theories and Measures of Intelligence 23

[SB:IV; Thorndike, Hagen, & Sattler, 1986], and the original Woodcock-Johnson Psycho-
Educational Battery [WJ; Woodcock & Johnson, 1977]). Of these three batteries, the DAS
appears to assess the broadest array of cognitive abilities (McGrew, 1997).

As presented in Figure 2.1, the most recent Wechsler Intelligence Scales (i.e., Wech-
sler Intelligence Scale for Children—Third Edition [WISC-III; Wechsler, 1991] and
WAIS-III) represent progress in the evolution of these batteries. However, the WISC-III
and WAIS-III are still classified as “incomplete” since they measure only a subset of the
known broad cognitive abilities (viz., three to five Gf-Gc abilities). However, as will be dis-
cussed in later chapters, when combined with other measures (e.g., the Children’s Mcmory
Scale [CMS; Cohen, 1997]; Wechsler Memory Scale— Third Edition [WMS-11I; Wechsler,
1997]; WI-11I), the Wechsler system of instruments can aid in narrowing the intelligence
theory-practice gap.

This Is Now: Contemporary or “Complete”
Taxonomic Theories and Models of Intelligence

As portrayed in Figure 2.1, psychometric intelligence theories have converged recently on
a more “complete” (in a relative sense, no theory is ever complete) Gf~Gc multiple intelli-
gences taxonomy, reflecting a review of the extant factor analytic research conducted over
the past 50 to 60 years. This taxonomy scrves as the organizational framework for both the
Carroll and Cattell-Horn models (Carroll, 1983; 1989; 1993a; 1997; Gustafsson, 1984;
1988; Horn, 1988; 1991; 1994; Horn & Noll, 1997; Lohman, 1989; Snow, 1986), the two
most prominent psychometric theories of intelligence proposed to date (McGrew & Flana-
gan, 1998; Stemberg & Kaufman, 1998).

As depicted in Figure 2.1, only the Woodcock-Johnson Psycho-Educational Bat-
tery—Revised (WIJ-R; Woodcock & Johnson, 1989) and the Woodcock-Johnson Psycho-
Educational Battery—Third Edition {WJ-11I; Woodcock et al., in press) come close to mea-
suring the broad abilities specified in the more “complete” psychometrically based Gf-Ge
multiple intelligences theories. This is not surprising given that the G£-Ge framework drove
the design of both the WJ-R and WJ-III. Recent joint or cross-battery factor analyses of the
major intelligence batteries with the WJ-R (e.g., Flanagan & McGrew, 1998; McGhee,
1993; McGrew, 1997; Woodcock, 1990} indicated that the majority of these batteries do
not adequately assess the complete range of broad Gf-Ge abilities included in either Horn’s
(1991; 1994) or Carroll’s (1993a; 1997) model of the structure of intelligence. The one pos-
sible exception is the WI-TIT which was designed to measure the greatest practically feasi-
ble range of Gf-Gc abilities. But even the WJ-III may benefit from supplementation via Gf-
Ge cross-battery procedures (McGrew & Flanagan, 1998), particularly when attempting to
assess more thoroughly a person’s specific or narrow cognitive abilities.

Finally, while research continues to focus on identifying major abilities in the multi-
ple intelligences taxonomy (Carroll, 1993a), a number of researchers are attempting to push
the far end of the intelligence theory continuum by proposing models that describe and
explain cognitive performance as a composition of both cognitive and noncognitive vari-
abies within an information processing framework (see Figure 2.1). For example, Wood-
cack (1993; 1997; 1998) has presented a G-Ge Cognitive Performance Model (CPM) and
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an Information Processing Model (IPM). These recent theoretical developments, which are
described later in this chapter, will continue to stimulate efforts in theory-based interpreta-
tion (i.e., the fourth wave) and may eventually contribute to a (yet to be identified) fifth
wave of interpretation.

Gf-Gc Theory?

Gf-Ge theory is the most comprehensive and empirically supported psychometric theory of
intelligence. Therefore, we believe that the Gf~Gc theory should serve as a foundation for
the development and interpretation of intelligence batteries. In order to implement a Gf-Ge-
based approach to assessing and interpreting cognitive functioning with the Wechsler Intcl-
ligence Scales, it is necessary to understand the major components of the theory.

The Evolution of Gf~Gec Theory

Cattell (1941; 1957) first postulated Gf~Ge theory as consisting of two major types of cog-
nitive abilities (i.e., Gf and Gc). Fluid Intelligence (Gf) was thought to include inductive
and deductive reasoning, abilities thought to be influenced by both biological and neuro-
logical factors and incidental learning through interaction with the environment (Taylor,
1994). Tn contrast, Crystallized Tntelligence (Gc) was believed to consist primarily of abil-
ities (especially knowledge) that reflected the influences of acculturation (viz., verbal-con-
ceptual knowledge; Gustafsson, 1994; Taylor, 1994). Thus, the original Gf~Gc theory was
a dichotomous conceptualization of human cognitive ability. Unfortunately (or fortunately,
depending on one’s belief in maintaining the historical integrity of a theory), the Gf-Gc
label has been retained as the acronym for this theory, despite the fact that the theory has
not been conceived of as a dichotomy since the 1960s {Gustafasson &Undheim, 1986; Horn
& Noll, 1997; Woodcock, 1993). As a result, Gf-Ge theory is misunderstood often as being
a two-factor model of the structure of intelligence.

As early as the mid-1960s, Horn (1965) expanded the Gf-Gc model to include four
additional cognitive abilities, including visual perception or processing (Gv), short-term
memory (Short-Term Acquisition and Retrieval—SAR or Gsm), long-term storage and
retrieval (Tertiary Storage and Retrieval —TSR or Glr), and speed of processing (Gs). By
1968, Horn had refined the definition of Gv, Gs, and Glr, and added auditory processing
ability (Gaj. More recently, factors representing a person’s quantitative ability or knowl-
edge (Gg) and facility with reading and writing {Grw} (Horn, 1985; 1988; 1991; Wood-
cock, 1994) were added to the model, resulting in a ten-factor ability structure,

The Hierarchical Structure of Gf~-Gc Theory

In his review of the extant factor-analytic research literature, Carroll {1993a) differentiated
factors or abilitics by three strata that varied according to the “relative varicety and diversity
of variables” {Carroll, 1997, p. 124) included at each level. The various “G ™ abilities are
the most prominent and recognized abilitics in the model. They include Gf, Ge, and so on.
These abilities are classified as broad or stratum 11 abilitics in Carroll’s modcl. The broad
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abilities represent “basic constitutional and longstanding characteristics of individuals that
can govern or influence a great variety of behaviors in a given domain™ and they vary in
their emphasis on process, content, and manner of response (Carroll, 1993a, p. 634). What
is often not immediately clear when discussing G-Ge theory is that the broad abilities sub-
sume a large number of narrow or stratum I abilities (currently approximately 70 have been
identified; Carroll, 1993a; 1997). Narrow abilities “represent greater specializations of
abilities, often in quite specific ways that reflect the effects of experience and learning, or
the adoption of particular strategies of performance” (Carroll, 1993a, p. 634). The hierar-
chical structure of Gf-Gc theory is demonstrated for the domain of visual processing (Gv)
in Figure 2.2.

In the Gf~Ge taxonomy, Gv is classified as a broad stratum IT cognitive ability. The
11 narrow or stratum I visual abilitics that comprise Gv clearly demonstrate the “broad-
ness” or breadth of this factor (see Figure 2.2). Figure 2.2 conveys that 11 different narrow
or specialized visual processing abilities have been identified. The broad and narrow Gv
abilities presented in Figure 2.2, as well as the other Gf-Ge broad and narrow abilities, are
defined later in this chapter. The significant moderate to high intercorrelations displayed by
these narrow abilities suggests the presence of a broader factor or construct that accounts
for this shared visual processing variance. The broad Gv factor is hypothesized to represent
this higher-order explanatory construct and is believed to exert a significant common cffect
(reflected by the direction of the arrows in Figure 2.2) on the narrow abilities. When
extended to the nine other broad cognitive domains, all of which also subsume a number of
narrow abilities, it is clear that the contemporary hierarchical G£Gce theory is extremely
comprehensive.

Even without the benefit of the information presented in subsequent chapters of this
book, after reflecting on Figure 2.2, the experienced Wechsler user should be able to iden-
tify relations between narrow Gv abilities and certain Wechsler nonverbal tests (e.g., the
narrow ability of Spatial Relations and the Block Design tests). The experienced Wechsler

Broad
{Stratum IT) Ability

Seriak Closure Spatial Length Percepiual Perceptual
Percep. Int. Speed Scunning Estimation Tlusions Alternations Imaggry
(PI) (CS) (SS) (LE) (IL) (PN) (IM)

Narrow
(Stratum I) Abilities

FIGURE 2.2 A Visual Processing (G») Example Demonstrating the Hierarchical Structure of Gf-Gc

Theory
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user may also observe that the Wechsler Performance scale only measures a subset of the
entire Gv domain, and that some tests do not seem to fit the empirical taxonomy (e.g., Pic-
ture Arrangement). Such observations should set the stage for assessment professionals to
recognize the breadth of coverage of certain Gf-Gc abilities (or lack thereof) by their favor-
ite intelligence batterics. This will be discussed in detail in subsequent chapters.

The broadest or most general level of ability in the Gf~Ge model is represented by
stratumn III, located at the apex of the Carroll (1993a) hierarchy. This single cognitive abil-
ity which subsumes both broad (stratum 11) and narrow (stratum ) abilities, is interpreted
by Carroll as representing a general factor (i.c., g) that is involved in complex higher-order
cognitive processes (Gustafsson & Undheim, 1996).

Finally, it is important to recognize that the abilities within each level of the hierar-
chical Gf-Ge model typically display non-zero positive intercorrelations (Carroll, 1993a;
Gustafsson & Undheim, 1996). For cxample, similar to the Gv discussion above, the dif-
ferent stratum I (narrow) abilities that define the various Gf~-Ge domains are correlated pos-
itively to varying degrees. These intercorrelations give rise to and allow for the estimation
of the stratum I (broad) ability factors, Likewise, the positive non-zero correlations among
the stratum II (broad) Gf-Ge abilities allows for the estimation of the stratum III (general)
2 factor. The positive factor intercorrelations within each level of the Gf-Gc hierarchy indi-
cates that the different Gf-Cc abilities do not reflect independent (uncorrelated or orthogo-
nal) traits.

The Carroll and Cattell-Horn Gf~-Gc Models

The simplified (i.e., narrow abilities omitted) Cattell-Horn and Carroll Gf-Gc models are
presented together in Figure 2.3. A review of Figure 2.3 reveals a number of notable simi-
larities and differences between the two models. In general, these models are similar in that
they both include some form of fluid (Gf), crystallized (Gc), short-term memory and/or
learning (Gsm or Gy), visual (Gv), auditory (Ga or Gu), retrieval (Glr or Gr), processing
speed (Gs), and decision and/or reaction time speed (CDS or Gt) abilities. Although there
are some differences in broad ability definitions and in the narrow abilities subsumed by
the respective broad GfGc abilities, the major differences between the two models are pri-
marily four-fold (McGrew, 1997).

First, the Carroll and Cattell-Horn models differ in their inchusion of g at stratum TI1.
According to Carroll {1993a; 1997), the general intelligence factor at the apex of his three-
stratum theory is analogous to Spearman’s g. The off-center placement of g (to the left side
of Figure 2.3) in the Carroll model is intended to reflect the strength of the relations
between g and the respective broad Gf-Gce abilities. As represented in the Carroll model
portion of Figure 2.3 (i.e., the top half of the figure), Gf has been reported to have the stron-
gest association with g, followed next by Gc, and continuing on through the remaining abil-
ities to the two broad abilities that are weakest in association with g (i.e., Gs and Gf).2

Carroll (1997) believes that the cvidence for g is overwhelming. Horn disagrees with
Carroll (see Horn, 1991; Horn & Noll, 1997), and instead posits what Jensen (1998) calls
a truncated hierarchical model, a model that does not contain a single g factor at the apex.
Debates about the nature and existence of g have waxed and waned for decades and have
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been some of the liveliest debates in differential psychology (Gustalsson & Undheim,
1996; Jensen, 1997). Much of the debate has been theoretical in nature with definitions of
g ranging from an index of neural cognitive efficiency, general reasoning ability or mental
energy to a mere statistical irregularity (Neisser et al., 1996). Afier being more or less
banned from the scientific scene (Gustafsson & Undheim, 1996), the prominent position of
g in contemporary models of intelligence (e.g., Carroll's Three-Stratum model and
Jensen’s [1998] seminal g factor treatise) has helped it to once again take center stage in
intelligence research and dialogue. Interested readers are directed to the writings of Carroll
(1993a; 1997), Horn (1991), Horn and Noll (1997), and Jensen (1997; 1998) for further dis-

cussion of the g-related issues and research.

Second, in the Cattell-Horn model, quantitative knowledge and quantitative reason-
ing abilities together represeit a distinct broad ability, as depicted by the Gg rectangle in
the bottom half of Figure 2.3. Carroll (1993a), on the other hand, considers quantitative
ability to be “an inexact, unanalyzed popular concept that has no scientific meaning unless
it is referred to the structure of abilities that compose it. It cannot be expected to constitute
a higher-level ability” (p. 627). Therefore, Carroll classifies quantitative reasoning as a nar-
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row ability subsumed by Gf; as indicated by the arrow leading from the Gg rectangle in the
Cattell-Horn model to the Gf rectangle in the Carroll model in Figure 2.3. Furthermore,
Carroll included mathematics achievement and mathematics knowledge factors in a sepa-
rate chapter in his book which described a variety of knowledge and achievement abilities
(e.g., technical and mechanical knowledge; knowledge of behavioral content) that are not
included in his theoretical model.

Third, recent versions of the Cattell-Horn model have included a broad English-lan-
guage reading and writing ability (Grw) that is depicted in the bottom half of Figure 2.3
{(McGrew, 1997, Woodcock, 1993). Carroll, however, considers reading and writing to be
narrow abilities subsumed by Gc, as reflected by the arrow leading from the Grw rectangle
in the Cattell-Horn model to the Ge rectangle in the Carroll model in Figure 2.3.

Finally, the Carroll and Cattell-Horn models differ in their treatment of certain nar-
row memory abilities. Carroll combines both short-term memory and the narrow abitities
of associative, meaningful, and free recall memory (defined later in this chapter) with learn-
ing abilities under his General Memory and Learning factor (Gy). Horn (1991) makes a dis-
tinction between immediate apprehension (e.g., short-term memory span) and storage and
retrieval abilities, while Carroll combines them into a single broad ability (Gy). However,
Ilorn (1988) indicated that it is often difficult to distinguish short-term memory and storage
from retrieval abilities. For example, in some of his writings Hom (1991) referred to asso-
ciative memory as a narrow ability subsumed by short-term memory. However, Horn
(1988) listed the Delayed Recall tests of the WI-R (Woodcock & Johnson, 1989), which
are measures of associative memory (McGrew, 1997), under the long-term storage and
retrieval ability (Glr).

Seeking a Standard Nomenclature: An Integrated
Cattell-Horn-Carroll Gf~Gc Model

Notwithstanding the important differences between the Cattell-Horn and Carroll models, in
order to realize the practical benefits of the calis for more theory-based interpretation
{Kaufman, 1979; Kamphaus et al., 1997), it would be useful if a single Gf-Gc taxonomy is
used to classify the individual tests in intelligence batteries. A first effort to create a single
(f-Ge taxonomy for use in the evaluation and interpretation of intelligence batteries was
the integrated Cattell-Homn-Carroll model (McGrew, 1997). McGrew and Flanagan (1998)
subsequently presented a slightly revised integrated model, which has been further revised
in the current work via two changes (i.e., the splitting of Phonetic Coding into separate
analysis and synthesis abilities under Ga and the inclusion of working memory under Gsm,
see Figure 2.4),

The exclusion of g in Figure 2.4 does not mean that the integrated model used in this
text does not subscribe to a separate general human ability or that g does not exist. Rather,
it was omitted by McGrew (1997) and McGrew and Flanagan (1998) as it was judged to
have little practical relevance to Gf-Ge cross-battery assessment and interpretation. That 1s,
their cross-battery approach was designed to improve psychological and psychoeducational
assessment practice by describing the unique Gf-Ge pattern of abilities of individuals. This
pattern of abilities can then be related to important occupational and achievement outcomes
as well as other human traits (McGrew & Flanagan, 1998).
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Broad and Narrow Gf-Gc Ability Definitions

In this section the definitions of the broad and narrow abilities included in the Gf-Ge model
are presented. These definitions are consistent with those presented in McGrew and Flana-
gan (1998). They were derived from an integration of the writings of Carrell (1993a),
Gustafsson and Undheim (1996), Horn (1991), McGrew (1997), McGrew and colleagues
(1991), and Woodcock (1994). The narrow ability definitions are presented in Table 2.1.

Fluid Intelligence (Gf). Fluid Intelligence refers to mental operations that an individual
may use when faced with a relatively novel task that cannot be performed automatically.
These mental operations may include forming and recognizing concepts, drawing infer-
ences, comprehending implications, problem solving, and extrapolating. Inductive and
deductive reasoning are generally considered to be the hallmark narrow-ability indicators
of (7. What may come as a surprise to experienced Wechsler users is the finding that, with
the exception of the WATS-IIT Matrix Reasoning test, the Wechsler Intelligence Scales do
not measure much in the way of Gf abilities, one of the primary indicators of intelligent
behavior. Definitions of the narrow abilities subsumed by Gf are presented in Table 2.1,

Crystallized Intelligence (Gc).  Crystallized Intelligence refers to the breadth and depth
of a person’s acquired knowledge of a culture and the cffective application of this knowl-
edge. This store of primarily verbal or language-based knowledge represents those abilitics
that have been developed largely through the “investment” of other abilities during educa-
tional and general life experiences (Horn & Noll, 1997). Almost half of the tests in the
Wechsler Scales measure various aspects of Ge.

Schematically, Ge might be represented by the interconnected nodes of a fishing net.
Each node of the net represents an acquired piece of information, and the filaments between
nodes (with many possible filaments leading to and from multiple nodes) represent links
between different bits of stored information. A person high in Ge abilities would have a rich
“fishing net” of information with many meaningfully organized and interconnected nodes.
Ge is one of the abilities mentioned most often by lay persons when asked to describe an
intelligent person (Horn, 1988). The image of a sage captures the essence of Ge.

Ge includes both declarative (static) and procedural (dynamic) knowledge. Declara-
tive knowledge is held in long-term memory (Gfr) and is activated when related informa-
tion is in working memory (Gsm). Declarative knowledge includes factual information,
comprehension, concepts, rules, and relationships, especially when the information is ver-
bal in nature. Declarative knowledge refers to knowledge “that something is the case,
whereas procedural knowledge is knowledge of how to do something™ (Gagne, 1985, p.
48). Procedural knowledge refers to the process of reasoning with previously learned pro-
cedures in order to transform knowledge. For example, a child’s knowledge of his or her
street address would reflect declarative knowledge, while a child’s ability to find his or her
way home from school would require procedural knowledge (Gagne, 1985). The breadth
of Ge is apparent from the number of narrow abilities (i.e., 12) that it subsumes (see
Table 2.1).

Quantitative Knowledge (Gg). Quantitative Knowledge represents an individual’s store
of acquired quantitative declarative and procedural knowledge. The Gy store of acquired
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knowledge represents the ability to use quantitative information and manipulate numeric
symbols. The Wechsler Arithmetic test is an indicator of an aspect of Gg.

It is important to understand the difference between Gg and the Quantitative Reason-
ing (RQ) ability that is subsumed by Gf Gg represents an individual’s store of acquired
mathematical knowledge, while RQ represents the ability to reason inductively and deduc-
tively when solving quantitative problems. &g would be evident when a task requires math-
ematical skills and general mathematical knowledge (e.g., knowing what the square root
symbol means). RQ would be required in order to solve for a missing number in a number
series task (e.g., 24 6 8 ___). Two narrow abilities are listed and detined under Gqg in Table
2.1,

Reading/Writing Ability (Grw).  Reading/Writing Ability is an acquired store of knowl-
edge that includes basic reading and writing skills required for the comprehension of writ-
ten language and the expression of thought via writing. It includes both basic (e.g., reading
decading, spelling) and complex abilities (e.g., reading comprehension and the ability to
write a story). Currently, this ability domain has been neither well defined nor extensively
researched within the Gf-Gc framework. Also, in typical practice, Grw (and Gg) are con-
sidered to be achievement domains and are therefore measured by achievement tests and
not intelligence tests. In Carroll’s {1993a) three-stratum model, eight narrow reading and
writing abilities are subsumed by Gc in addition to other abilities. In the Gf~Gc models pre-
sented by McGrew (1997), McGrew and Flanagan (1998), and the current authors (see Fig-
ure 2.4), these eight narrow abilities define the broad Grw ability. These Grw narrow
abilities are defined in Table 2.1.

Short-Term Memory (Gsm), Short-Term Memory is the ability to apprehend and hold
information in immediate awareness and then use it within a few seconds. Gsm is a limited
capacity system, as most individuals can only retain seven “chunks” of information (plus
or minus two chunks) in this memory system at one time. The ability to remember a tele-
phone number long enough to dial it, or the ability to retain a sequence of spoken directions
long enough to complete a task specified in the directions, are examples of Gsm. Given the
limited amount of information that can be held in short-term memory, information is typi-
cally retained for only a few seconds before it is lost. As most individuals have experienced,
it is difficult to remember an unfamiliar telephone number for more than a few seconds
unless one consciously employs a cognitive lecaring strategy (e.g., continually repeating or
rehearsing the numbers). Once a new task requires an individual to use their Gsm abilities
to storc new information the previous information held in short-term memory is either lost
or must be stored in the acquired stores of knowledge (i.e., Gc, Gg, Grw) through the use
of Gir.

More recently, the related construct of working memory has received considerable
attention in the cognitive psychology literature, resulting in the inclusion of practical tests
of working memory in recent revisions of two intelligence batteries (viz., WAIS-III; WJ-
TIT). Working memory is considered to be the “mechanism responsible for the temporary
storage and processing of information” (Richardson, 1996, p. 23). However, the integration
of working memory into the Gf-Gc framework is hindered by the lack of a universally
accepted definition of the construct (Logie, 1996). Working memory has been referred to

(text continued on page 42)
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PART ONE / Linking Contemporary Intelligence Theory and Practice

as the “mind’s scratchpad” (Jensen, 1998, p. 220} and most models of working memory
postulate a number of subsystems or temporary buffers. The phonelogical or articulatory
loop processes auditory-linguistic information while the visuospatial sketch/scratchpad
(Baddeley, 1986, 1992; Logie, 1996} is the temporary buffer for visually processed infor-
mation. Most working memory models posit a central executive or processor mechanism
that coordinates and manages the activities and subsystems in working memory.

Carroll (1993a) is skeptical of the working memory construct as reflected in his con-
clusion that “although some evidence suppotts such a speculation, one must be cautious in
accepting it because as yet there has not been sufficient work on measuring working mem-
ory, and the validity and generality of the concept have not yet been well established in the
individual differences research” (p. 647). Respecting the judgement of one of the primary
architects of the G/~Ge model (i.e., Carroll), we have chosen not to elevate working mem-
ory to the status of a broad stratum II ability. Instead, we feel that at this time, current
knowledge argues for the classification of working memory as a narrow ability under Gsm.
This makes logical sense given that working memory shares a number of cognitive pro-
cesses with Memory Span (MS) yet also includes additional processes that differentiate the
two abilities. Given that Carroll includes Learning Abilitics under his Gsm factor {which
he calls Gy), it is clear that the Gsm portion of the Gf-Ge framework requircs additional
research to elucidate the relations between the various narrow memory abilities that cur-
rently comprise Gsm.

To allow working memory “membership” in the Gf-Gc taxonomy, we suggest herein
that the Gf-Gc taxonomic code system (e.g., MS = Memory Span; see Table 2.1) be
expanded to include MW for working memory. Given that Carroll questions the validity of
the working memory construct, we propose this MW code primarily for practical use and
ease of communication. Additional research is necessary before a consensus can be reached
about the inclusion (or exclusion} of working memory in the Gf-Gc model of intelligence.
Practitioners need to recognize the somewhat tenuous nature of the Gsm domain when
using the cross-battery assessment approach outlined in subsequent chapiers.

Visual Processing (Gv). Visual Processing (Gv) is the ability to generate, perceive, ana-
lyze, synthesize, store, retrieve, manipulate, transform, and think with visual patterns and
stimuli (Lohman, 1994). These abilities are measured frequently by tasks that require the
perception and manipulation of visual shapes and forms, usually of a figural or geometric
nature (e.g., the Wechsler Block Design and Object Assembly tests). An individual who
can effectively mentally reverse and rotate objects, interpret how objects change as they
move through space, perceive and manipulate spatial configurations, and maintain spatial
orientation would be regarded as having a strength in Gv abilities. The various narrow abil-
ities subsumed by Gy are listed and defined in Table 2.1.

Auditory Processing (Ga). In the broadest sense, auditory abilitics “are cognitive abili-
ties that depend on sound as input and on the functioning of our hearing apparatus™
{Stankov, 1994, p. 157) and reflect “the degree to which the individual can cognitively con-
trol the perception of auditory stimulus inputs” (Gustafsson & Undheim, 1996, p. 192).
Auditory Processing is the ability to perceive, analyze, and synthesize patterns among audi-
tory stimuli, and discriminate subtle nuances in patterns of sound (e.g., complex musical
structure) and speech when presented under distorted conditions. While Ga abilities do not
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require the comprehension of language (Gc), they may be very important in the develop-
ment of language skills. Ga subsumes most of those abilities referred to as phonological
awareness/processing. However, as can be seen from the list of narrow abilities subsumed
by Ga (Table 2.1), this domain is very broad.

A change from McGrew and Flanagan’s (1998) discussion of Ga is the splitting of
Carroll’s Phonetic Coding (PC) narrow ability into separate analysis (PC:A) and synthesis
(PC:S) abilities. Support for two different PC abilities comes primarily from four sources.
First, in a sample of kindergarten students, Yopp (1988) reported cvidence in favor of two
phonemic awareness factors: simple phonemic awareness (requircd one operation to be
performed on sounds) and compound phonemic awareness (required holding sounds in
memory while performing another operation on them). Second, in what appears to be the
most comprehensive Ga factor-analytic study to date, Stankov and Horn (1980) presented
evidence for seven different auditory abilities, two of which had tests of sound blending
(synthesis) and incomplete words (analysis) as factor markers. Third, the WJ-R Sound
Blending and Incomplete Words tests (which are almost identical in format to the tests used
by Stankov and Horn) correlated only moderately (0.37 or 13.7% shared or common vari-
ance) across the kindergarten to adult WI-R norm sample, a correlation that suggests that
these tests are measuring different aspects of PC. Finally, using confirmatory factor-ana-
Iytic methods, Wagner, Torgesen, Laughton, Simmons, and Rashotte (1993) presented a
model of phonological processing that included separate auditory analysis and synthesis
factors.

Although the features of these different auditory factors across respective studies arc
not entirely consistent, there are a number of similarities. For example, Yopp’s (1988) sim-
ple phonemic factor appears to be analogous to Wagner and colleagues’ {1993) synthesis
factor and the factor Stankov and Horn (1980) identified with the aid of sound blending
tasks. Also, Yopp’s (1988) compound phonemic factor bears similarities to Wagner and
colleagues” (1993) analysis factor and the Stankov and Horn (1980) factor, identified in
part by an incomplete words task. At this time, we conclude that Wagner and colleagues’
(1993) analysis/synthesis distinction is probably the most useful. According to Wagner and
colleagues (1993), analysis and synthesis can be defined as “the ability to segment larger
units of speech into smaller units” and “the ability to biend smaller units of speech to form
larger units” (p. 87), respectively. As aresult, in the current model (Figure 2.4) we proposed
that PC be split into separate PC:A and PC:S narrow abilities.

Long-Term Storage and Retrieval (Glr). Long-Term Storage and Retrieval is the ability
to store information in and fluently retrieve new or previously acquired information (e.g.,
concepts, ideas, items, names) from long-term memory. Glr abilities have been prominent
in creativity research wherc they have been referred to as idea production, ideational flu-
ency, or associative fluency. It is important to not confuse Glr with Ge, Gy, and Grw, a per-
son’s stores of acquired knowledge. Ge, Gg, and Grw represent what is stored in long-term
memory, while Glr is the efficiency by which this information is initially stored in and later
retrieved from long-term memory. Using the Ge fishing net analogy discussed earlier in this
chapter (where the nodes and links of the net represent the knowledge that is stored in long-
term memory), Glr is the process by which individuals efficiently add new nodes and links
to their “fishing net” of stored knowledge and then later retrieve information from their net
of knowledge.
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Different processes are involved in Glr and Gsm. Although the word long-term fre-
quently carries with it the connotation of days, weeks, months, and years in the clinical lit-
erature, long-term storage processes can begin within a few minutes or hours of performing
a task. Therefore, the time lapse between the initial task performance and the recall of infor-
mation related to that task is not of critical importance in defining Gir. More important is
the occurrence of an intervening task that engages short-term memory during the interim
before the attemnpted recall of the stored information (e.g., Ge; Woodcock, 1994). In the
present Gf-Gc model, 13 narrow memory and fluency abilities are included under Gir (see
Table 2.1).

Processing Speed (Gs).  Processing Speed or mental quickness is often mentioned when
talking about intelligent behavior (Nettelbeck, 1994). Processing speed is the ability to flu-
ently and automatically perform cognitive tasks, especially when under pressure to main-
tain focused attention and concentration. Attentive speediness encapsulates the essence of
Gs. Gs is measured typically by fixed-interval timed tasks that require little in the way of
complex thinking or mental processing (e.g., the Wechsler Animal Pegs, Symbol Search,
and Digit Symbol/Coding tests).

Recent interest in information proccssing models of cognitive functioning has
resulted in a renewed focus on Gs (Kail, 1991; Lohman, 1989). A central construct in infor-
mation processing models is that of limited processing resources (e.g., the limited capaci-
ties of short-term or working memory). That is, “many cognitive activities require a
person’s deliberate efforts and that people are limited in the amount of effort they can allo-
cate. In the face of limited processing resources, the speed of processing is critical because
it determines in part how rapidly limited resources can be reallocated to other cognitive
tasks” (Kail, 1991, p. 152). Woodcock (1994} likens Gs to a valve in a water pipe. The rate
at which water flows in the pipe (i.e., Gs) increases when the valve is wide open and it
decreases when the valve is partially closed. Three different narrow speed of processing
abilities are subsumed by Gs in the present Gf-Gc model (see Table 2.1).

Decision/Reaction Time or Speed (Gf). In addition to Gs, both Carroll and Horn include
a second broad speed ability in their respective Gf-Ge models. Processing Speed (Decision/
Reaction Time or Speed; Gf), the ability proposed by Carroll, subsumes narrow abilities
that reflect an individual’s quickness in reacting (reaction time)} and making decisions
(decision speed). Correct Decision Speed (CDS), what Horn proposed as the second speed
ability (Gs being the first) is typically measured by recording the time an individual
requires to provide an answer to preblems on a variety of tests (e.g., letter series, classifi-
cations, vocabulary; Horn, 1988; 1991). Because CDS appears to be a much narrower abil-
ity than Gt, it is subsumed by Gt in the Gf~Ge model used in this book.

Gt should not be confused with Gs. Gf abilities reflect the immediacy with which an
individual can react (typically measured in seconds or parts of seconds) to stimuli or a task,
while Gs abilities reflect the ability to work quickly over a longer period of time (typically
measured in intervals of 2 to 3 minutes). Being asked to read a passage (on a self-paced
scrolling video screen) as quickly as possible and, in the process, touch the word the with
a stylus pen each time it appears on the screen, is an example of Gs. The individual’s Gs
score would reflect the number of correct responses (taking into account errors of omission
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and commission). In contrast, Gz may be measured by requiring a person to read the same
text at their normal rate of reading and press the space bar as quickly as possible whenever
a light is flashed on the screen. In this latter paradigm, the individual’s score is based on the
average response latency or the time interval between the onset of the stimulus and the indi-
vidual’s response.

Recent Gf-Gc Theory Developments

Research and development regarding the Gf-Ge theory is not static. Two general lines of
rescarch that are germane to the current work are providing insights into potential future
refinements and extensions of the Gf-Gc theory.

Refining the Structural Taxonomy

Recent research (Roberts & Stankov, 1998; Roberts, Stankov, Pallier, & Dolph, 1997) has
suggested possible modifications to the Gf-Ge model of cognitive abilities. Roberts and
associates (1997) presented evidence that suggests that tactile-kinesthetic (TK) abilities
may represent either a narrow stratum I ability influenced by both Gv and Gf, or a broad
stratum IT ability closcly related to Gv and Gf According to Roberts and associates, the TK
factor consists of a complex set of abilities that are rclated to Gfand may involve tactile,
visual, and working memory processes.

TK measures are not included in any of the major intelligence batteries. However,
instruments such as the Wechsler Scales are often supplemented with a variety of TK tests
(e.g., examinees must identify numbers written on their fingertips; examinees must place
geometrically shaped blocks into a form board while blindfolded). This is a common prac-
tice in neuropsychological assessment. For example, the recently published NEPSY (Kork-
man, Kirk, & Kemp, 1997) includes a test that requires an examinee to identify the finger
or fingers the examiner touches (Finger Discrimination). Further research in the TK domain
is important given the salient role these abilities have played in neuropsychological assess-
ment and aging research (i.e., cognitive decline duc to decrements in sensory processes).

The other major Gf-Gc domain that has been the subject of active exploration
recently is cognitive speed (Gs and G7). Roberts and Stankov (1998), for example, have
presented evidence for a four-level hierarchical structure of cognitive speed in which they
identify speed factors at the narrow (stratum I) and broad (stratum II) levels, and sugpest
the presence of intermediate levels between and below these strata. Roberts and Stankov
identified a single broad speed ability (Gt--Cognitive Speed) and five narrow speed abil-
ities (viz., Clerical/Perccptual Speed, Induction Speed, Visual/Auditory [Perceptual] Test-
Taking Speed, General Decision Speed, and Movement Time). In addition, these research-
ers posited a Psychometric Speed ability “in limbo” between the narrow and broad stratum
speed abilities. Finally, below the five narrow (stratum I) abilities exists the possibility of
three more specific decision speed and movement time abilities, respectively. Currently,
the Wechsler Intelligence Scales and other intelligence batteries only include tests that tap
the Clerical/Perceptual (Gs) portion of the Roberts and Stankov modcl (e.g., WISC-III
Coding).
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The addition of a TK ability and a more complex and specific cognitive speed hicr-
archy to the Gf-Gc model has primarily theoretical implications at this time. Additional
research is needed to determine the replicability of these findings in additional samples of
varying ages and, more importantly, to determine their practical implications for psycho-
logical assessment.

Gf-Gc¢ and Information Processing Theory:
Pushing the Edge of the Theory Envelope

As mentioned earlier in this chapter (sec Figure 2.1 and related discussion), a number of
researchers have proposed theoretical models that describe and explain cognitive perfor-
mance as a composition of both cognitive and noncognitive variables within an information
processing framework. Most prominent within the context of Gf-Ge theory are Wood-
cock’s (1993; 1997; 1998) Gf-Ge Cognitive Performance Model (CPM) and Information
Processing Model (IPM). According to Woodcock (1998, p. 143) these models are not
intended to extend Gf-Gc theory, but rather, to “nudge current theory further into clinical
and research practice.” The basis of the CPM model is that a person’s cognitive perfor-
mance is a complex interaction of many different components that can be differentiated by
function. The most recent revision of the CPM is presented schematically in Figure 2.5.

Briefly, Acquired Knowledge, represented by the Ge, Gy, and Grw abilities, includes
knowledge stores of factual (declarative) and automatized cognitive processes and proce-
dures (procedural knowledge) within a domain. For example, being able to identify ¥ as
the statistical summation symbol is a typc of Gg declarative knowledge. Knowing how to
do the summation process is a form of Gg pracedural knowledge. With the exception of the
Digit Span test, the entire Wechsler Verbal scale is comprised of acquired knowledge indi-
cators (viz., Ge and Gg).

Thinking Abilities (viz., Gv, Ga, Glr, Gf) are involved in the cognitive processing of
information that is placed in shori-term memory (Gsm) but cannot be processed automati-
cally. These abilities are often what many professionals think of when talking about intel-
ligence, because they are involved in new learning or performing tasks that an individual
cannot complete or solve automatically. All of the Wechsler performance tests {(except
Symbol Search, Animal Pegs, and Digit-Symbol/Coding) are measures of Gv thinking abil-
ities.

Cognitive Efficiency includes abilities that influence the speed (Gs) ot automaticity
of cognitive functioning through the cfficient allocation of mental resources within the lim-
ited capacity short-term and working memory systems (Gsm). Using the G¢ example
described above, two individuals who have the same overall level and pattern of thinking
abilities and stores of acquired Gg knowledge may vary in the speed and accuracy by which
they can mentally sum a series of five numbers, due to differences in overall speed of cog-
nitive processing, automaticity of mathematical facts, and ability to hold information in
working memory via the use of cognitive strategies. The various Wechsler processing
speed tests (i.e., Symbol Search, Animal Pegs, Digit Symbol/Coding) are considered mea-
sures of one aspect of cognitive efficiency (i.e., Gs) while the short-term and working mem-
ory tests (i.e., Digit Span, Sentences, Letter-Number Sequencing) are classified as Gsm.
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FIGURE 2.5 A Schematic Representation of Woodcock’s Cognitive Performance Model

Facilitators-Inhibitors are internal (e.g., health, attention and concentration, cogni-
tive style, emotional state) and external (e.g., distracting stimuli) variables that can “modify
cognitive performance for better or for worse, often overriding the effects of strengths and
weaknesses in the previously described cognitive abilities” (Woodcock, 1998, p- 146). For
example, two individuals with similar overall levels and patterns of thinking abilities and
cognitive efficiency may differ in their ability to sum the previously discussed five num-
bers, due to differences in concentration, intrinsic motivation, or state of health at the time
of performance. The collective participation of these four functional cognitive and noncog-
nitive components aids in explaining intraindividual and interindividual variation in the
performance of complex cognitive activities.

Woodcock (1993; 1998) extended the CPM into a more complex Gf-Ge Information
Processing Mode! (IPM) that integrates Gf-Ge abilities and other aspects of cognition
within an information processing framework. Woodcock’s grounding of the CPM and IPM
in the Cattell-Horn Gf-Gc theory is consistent with Taylor’s (1994) conclusion that a “pos-
itive feature of the Cattell model is that it is amenable to dynamic, learning, or developmen-
tal interpretations” (p. 185). The IPM is admittedly complex and cannot be described in
sufficient detail in this book. The interested reader is referred to Woodcock (1997, 1998)
for a discussion of the model and a description of a practical Gf-G¢ Diagnostic Worksheet
that could be applied to the Wechsler Scales when they are supplemented via the Wechsler-
based Gf-Ge cross-battery approach described in Part 11T of this book.
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Another notable effort along these lines is Snow’s (1989) attempt to use new forms
of psychometric theory to measure information processing constructs such as declarative
knowledge acquisition, proceduralization, and automatization (Anderson, 1985). Snow’s
work was not specifically designed to extend Gf-Ge theory, but it shares the same general
goal of integrating cognitive and noncognitive constructs to better understand cognitive
performance.

Briefly, Snow suggested that cognitive constructs need to be combined with affective
and conative (i.e., noncognitive) constructs to fully measure an individual’s aptitudes for
learning (Snow, Corno, & Jackson, 1996). According to Snow (1989), learners approach
tasks with previously developed conceptual structures and procedural skills (i.e., initial
states) that subsume Gf-Ge-type cognitive constructs (e.g., Ge, Gv, Gsm). In addition, con-
ative personal characteristics in the broad domains of learning strategies, self-regulatory
functions, and motivational orientation are viewed as interacting with the cognitive con-
structs during cognitive performance. The important common feature of Woodcock and
Snow’s attempts to explain cognitive performance is that both dynamic models include
cognitive and noncegnitive constructs.

Although the Wechsler Intelligence Scales (and for that matter all major intelligence
batteries) do not directly measure noncognitive constructs, David Wechsler was at the fore-
front in highlighting the important link between cognitive and noncognitive factors when
trying to explain real-world intclligent behavior. Throughout his career, Wechsler was
interested in how a variety of nonintellectual factors (e.g., persistence, curiosity, and moti-
vation) influenced the expression of intelligent behavior (Zachary, 1990). In 1943 Wech-
sler stated:

When our scales measure the nonintellective as well as intellectual factors in intelligence,
they will more nearly measurc what in actual life corresponds to intelligent behavior.
{(Wechsler, 1944, p. 103)

Even Spearman, who is almost exclusively associated with intelligence and cogni-
tion, recognized the importance of nonintellectual factors. In his seminal book “The Abil-
ities of Man,” Spearman (1927) stated that: “the process of cognition cannot possibly be
treated apart from those of conation and affection, seeing that all these are but inseparable
aspects in the instincts and behavior of a single individual, who himself, as the very name
implies, is essentially indivisible” (p. 2). The work of Woodcock and Snow suggcsts that
current theory and research are catching up with the pioneering ideas of David Wechsler
and Charles Spearman.

Gardner, Sternberg, and Guilford’s Theories:
Relevance to Contemporary
Psychometric Theories

In addition to the increased interest in the psychometric Gf~Ge theory of intelligence, there
has been considerable attention (particularly in the popular press) in Gardner’s theory of
Multiple Intelligences (Chen & Gardner, 1997; Gardner, 1983; 1993; 1994) and Stern-
berg’s Triarchic theory of intelligence (Sternberg, 1994; 1997). Guilford’s Structure-of-
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Intellect model, although now more of historical interest, also continues to receive promi-
nent treatment in most books or book chapters on intelligence. Given the movement toward
theory-based intelligence test interpretation, the utility of these three theories for practical
test development and interpretation warrant comment. These three theories are briefly
described here with a particular emphasis on their relationship to contemporary Gf~Ge
theory.

Gardner’s Theory of Multiple Intelligences

The description of Gf~Ge theory as a multiple intelligences theory often causes confusion
when individuals try to reconcile this model with Gardner’s multiple intelligences (MI) the-
ory (Chen & Gardner, 1997; Gardner, 1983; 1993; 1994). Although Gardner’'s MI theory
has yet to serve as the foundation for an individually administered norm-referenced battery
of tests, the concepts have received considerable attention in the popular press.

Gardner (1983) originally proposed seven intelligences which included (together
with a brict example); (1) linguistic—used in reading or writing of poetry; (2) logical-math-
ematical—used by scientists or mathematicians to solve problems; (3) spatial—used by
architects to visualize and draw building plans; (4) musical—used by musicians to com-
pose songs; (5) bodily-kinesthetic—used by athletes or dancers when performing or com-
peting; (6) interpersonal—used by therapists to understand and interact with clients; and (7)
intrapersonal—used by individuals to gain insight about themselves. Recently, Gardner
(1998) has added an eighth intelligence dealing with the ability to discern patterns in nature
(i.e., the naturalist) (Meyer, 1997). He also suggested the possibility of two additional types
of intelligence (viz., spirifual and existential), although the evidence he presented for the
latter two is preliminary in nature. The terms Gardner uses to label his eight intelligences
are dramatically different from the terminology of Gf-Gic theory. What are the differences
and similarities between the Gf-G¢ and Gardner multiple intelligences theories?

Stemberg (1997) suggested that Gardner’s theory (and his own triarchic theory of
intelligence) differs from traditional psychometric theories in that it specifies a “system of
interacting abilities rather than just speeifying a set of abilities™ (p. 1134). McGrew (1993,
1995) suggested that the fundamental differences between the two theories is that Gf~Ge
theory is concerned with describing the basic domains or building blocks of intelligent
hehavior in the cognitive domain, while Gardner’s theory focuses on how these different
domains or building blocks are combined, along with other personal competencies (e.g.,
motor and social skills), in patterns representing different forms of aptitude or expertise
(i.e., adult end-states valued by a culture) (Chen & Gardner, 1997).

Using Greenspan’s model of personal competence (Greenspan & Driscoll, 1997), a
model that includes the broad domains of physical and emotional competence and concep-
tual, practical, and social intelligence as an overarching framewark, McGrew (1994) sug-
gested that Gardner’s seven intelligences represent unique combinations or patterns of
human cognitive abilities that, together with other personal competencies, help to explain,
understand, or predict aptitude, expertise, or talent. For example, Gardner’s logical-math-
ematical intelligence reflects a sensitivity to and capacity for processing logical and/or
numerical patterns and the ability to manage long sequences or chains of reasoning. Scien-
tists and mathematicians would most likely be high on logical-mathematical intelligence.
An individual who has high logical-mathematical intelligence may have high fluid intelli-
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gence, quantitative knowledge and reasoning, and visual-spatial abilities, abilities that are
central in contemporary Gf-Ge theory. It is the specific combination of Gf-Gc strengths that
a person exhibits that defines him or her as being high in logical-mathematical intelligence.
Furthermore, individuals who are high in Gardner’s bodily-kinesthetic intelligence, for
example, may have specific Gf-Ge strengths (e.g., visual-spatial), plus strengths in other
personal competence domains such as physical competence that help to explain their over-
all level of bodily-kinesthetic performance.

Thus, according to McGrew (1994), Gardner’s theory is not an attempt to isolate the
basic domains or elements of intelligence {a function performed by Gf-Gce theory), rather,
it describes different patterns of expertise or aptitude based on specific combinations of Gf-
Ge abilities and other personal competencies. In this regard, Gardner’s different intelli-
gences are conceptually similar to Snow’s (1989; 1991; 1992) aptitude complexes which
define aptitudes in the broadest sense (i.e., including both cognitive and conative struc-
tures).

Although Gardner’s MI theory has considerable appeal, there has been no empirical
evaluation of the validity of the theory as a whole (Sternberg & Kaufman, 1998), and the
available empirical evaluations have been found wanting. In a review of Gardner’s (1983)
Frames of Mind, the book that first outlined his MI theory, Lubinski and Benbow (1995)
concluded that there is “little empirical support for or against the unique features of Gard-
ner’s ideas. Before MI theory can be taken seriously by the scientific community and pol-
icy makers, Gardner’s (1983) bold theoretical skeleton is in need of empirical flcsh”
(p. 937). According to Carroll (1993a), Gardner “discounts multifactorial thcories of
intelligence . . . because, he claims, they fail to account for the full diversity of abilities that
can be observed. Generally, Gardner has neglected the evidence on the basis of which the
present three-stratum theory has been constructed” (p. 641). Furthermore, in a review and
comparison of structural Gf-Ge theory, Gardner’s multiple intelligences theory, and Stern-
berg’s Triarchic theory (Sternberg, 1985), Messick (1992) characterized Gardner’s (as
well as Sternberg’s) theory as appealing sclectively to factor-analytic research while ignor-
ing or downplaying research that challenged his model.

It seems clear that the descriptions of Gardner’s seven multiple intelligences “do not
derive from any consistent set of empirical data and can be tied to data only in piecemeal
fashion, thereby being constantly threatened by the perverse human tendency to highlight
results that are consonant with the theory’s logic over findings that are dissonant™ (Messick,
1992; p. 368). Bouchard (1984), Gustafsson and Undheim (1996), Scarr (1985), and Snow
(1985) also questioned the empirical support for Gardner’s theory, Despite the lack of a
strong program of validity research, Gardner’s theory has produced many school-based
educational interventions. According to Sternberg and Kaufman (1998), evidence to sup-
port these interventions is also limited.

Sternberg’s Triarchic Theory

The Triarchic theory of intelligence (Sternberg, 1994; 1997) is an attempt to describe the
processes that underlie intelligent thought by understanding the way in which intelligence
relates to the internal and external world and experiences of individuals (Messick, 1992).
Sternberg suggested that three major elements or components influence intelligent thought.
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First, three sets of processing components or mental processes (i.e., knowledge acquisition,
performance, metacomponents) allow individuals to solve problems {Sternberg, 1994,
1997). Knowledge acquisition components allow individuals to learn new information,
while performance and metacomponents are involved in working with problems to produce
solutions and cxecuting and monitoring the problem-solving processes, respectively
(Eggen & Kauchak, 1997). Second, experiential components are involved in relating new
experiences and knowledge to old experiences and knowledge and recognizing and creat-
ing new patterns of information. Third, contexiual components are concerned with adapta-
tion—that is, explaining how a person’s intclligence allows him or her to select new
environments or adapt or modify existing environments (Eggen & Kauchak, 1997; Travers,
Elliott, & Kratochwill, 1993).

According to Messick (1992), Stemberg’s focus on culturally relevant conceptions
of intelligence in relation to individual experiences results in a “focus on five critical
aspects of intclligence—problem solving, verbal ability, social and practical competence,
coping with novelty, and the automatization of performance” (p. 376). A consideration of
these concepts suggests that the Triarchic theory includes parts of the G£Gc model, namely
Gf. Gc, Glr, and Gs, respectively (Messick, 1992).

More recently, Stermberg (1996) proposed a theory of successful intelligence which
“involves an individual’s discerning his or her pattern of strengths and weaknesscs, and the
figuring out ways to capitalize upon the strengths and at the same time to compensate for
weaknesses” (Sternberg & Kaufinan, 1998, p. 494). Much like Gardner’s theory of multiple
intclligences, Sternberg’s successful intelligence is comprised of abilities drawn from a
broader array of personal competencics than those typically associated with traditional
notions of intelligence. These include analytical, creative, and practical abilities. As is the
case with much of Sternberg’s theoretical concepts, analytical abilities are broadly delined
(e.g., identifying a problem, defining the nature of the problem, devising a strategy to solve
the problem, and monitoring the solution process). Analytical abilitics more than likely
include some that are Gf-Ge abilities and others that are yet to be determined. In contrast,
creative and practical abilitics are best thought of as including abilitics from orher compe-
tence domains (e.g., practical intelligence in Greenspan’s model of personal competence).

To date, little validity evidence exists in support of Stermberg’s theory of successful
wtelligence, due, in part, to its recency. However, Stemberg’s Triarchic theory, like Gard-
ner’s MI theory, has not fared well when evaluated against established standards of valid-
ity. Messick (1992) indicated that “several aspects of Sternberg’s theory are simply
nonfactual . .. the theory is construct dense. . .. In the process, he [Sternberg] forgoes rela-
tions of strict deductibility and tends to rely on metaphorical descriptions. .. but they are
not conducive to the derivation of empirical consequences instrumental to theory testing”
(p. 379). Messick’s less than positive treatment of Sternberg’s Triarchic theory is echoed
in Cronbach’s (1986) response to same of Sternberg’s claims:

We don’t have much theory, and [ don’t favor using the word loosely for almost any abstrac-
tion or point of view. ... [ would reserve the word fheory for substantial, articulated, some-
what validated constructions. Rather than an emperor with no clothes, we have theory being
used as an imperial cloak that has no emperor inside. (p. 23)
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Guilford’s Structure-of-Intellect Model

Anyone who has read any psychology book that covers the topic of intelligence has prob-
ably seen the “Rubik’s cube” of intelligence theories. As a result of an ambitious and
fargely factor analytically based program of research, J. P. Guilford and associates pro-
posed a three-dimensional Structure-of-Intellect (SOI) model (which has been presented
typically as a three-dimensional cube) where all cognitive abilities were classified in
terms of operations (cognitive, memory, divergent and convergent production, evalua-
tion), contents (visual, auditory, symbolic, semantic, behavioral), and products (units,
classes, relations, systems, transformations, implications). Based on the SOI model,
understanding intelligence would require the classification and measurement of well over
100 discrete abilities. The SOI model probably represents the most detailed and compre-
hensive attempt to develop a precise and systematic taxonomy of cognitive abilities.

Although SOT interpretations of the Wechsler Intclligence Scales have been offered
(Mecker, 1969; 1975), they no longer are used with much frequency duc to both practical
constraints (i.e., too time consuming and eclectic; Kaufman, 1994), and morc importantly,
a lack of supporting empirical evidence {Carroll, 1993a; Cronbach & Snow, 1977; Gustafs-
son & Undheim, 1996; Messick, 1992; Vernon, 1961). Carroll (1993a) rendered a particu-
larly harsh judgement when he concluded that the SOI model “is fundamentally defective”
(p. 59) and should be “marked down as a somewhat eccentric aberration in the history of
intelligence models; that so much attention has been paid to it is disturbing, to the extent
that textbooks and other treatments of it have given the impression that the model is valid
and widely accepted, when clearly it is not™ (p. 60).

Gardner, Sternberg, and Guilford: Concluding Comments

Currently, Gardner’s MI, Sternberg’s Triarchic, and Guilford’s SOI models of intelli-
gence are not likely to have significant impact on intelligence test interpretation. The 501
model had its day in the court of intelligence research and thcory and was judged to be
lacking in the wvalidity evidence necessary for sound intelligence test interpretation.
Although Gardner’s and Sternberg’s theories are receiving much attention in the popular
press, they have been found to be data-poor. They both attend selectively to or ignore fea-
tures of the extensive Gf-Ge research literature. Hence, if Sternberg (and Gardner) “had
treated factorial theories and research on human abilities in more depth, their empirical
and scholarly efforts might have systematically built upon (or undcreut) these structural
formulations and advanced the science of intellect in cumulative rather than idiosyncratic
fashion” (Messick, 1992, p. 382). Although the MI and Triarchic theories may appear to
be judged too harshly here and by others we cite, this does not diminish the possibility
that these theories may eventually help broaden our understanding and measurement of
intelligence. The MI and Triarchic theories are different from traditional psychometric
theories of intelligence and, therefore, may require the development of different measure-
ment approaches if they are to have a signficant influence on the practice of measuring
intelligence,
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Moving the Wechslers from Then to Now:
Narrowing the Theory-Practice Gap

As depicted in Figure 2.1, there currently exists a significant theory-practice gap in the field
of intellectual assessment. This is particularly true in the case of the WPPSI-R, K-ABC, and
KAIT batteries which measure only two to three broad Gf-Ge abilities adequately (McGrew
& Flanagan, 1998). The K-ABC primarily measures Gv and Gsm, and to a much lesser
extent, Gf, while the KAIT primarily measurcs Gf, Ge, and Glr, and to a much lesser extent
Gvand Gsm. And while the CAS, DAS, SB:1V, and W (1997) batteries do not provide suf-
ficient coverage to narrow the theory-practice gap, their comprehensive measurement of
four to five Gf~Ge abilities is nonetheless an improvement over the above mentioned bat-
teries (McGrew & Flanagan, 1998),

Although the most recent versions of two Wechsler Scales (1.e., WAIS-III and WISC-
II1) measure a greater breadth of Gf-Ge abilities than their predecessors, a significant the-
ory-practice gap remains. The WPPSI-R provides for adequate coverage of Gc and Gv, and
partial measurement of Gs, Gg, and Gsm. The WISC-IIT and WAIS-III represent improve-
ments over the WPPSI-R as both provide for good coverage of G in addition to Ge and Gv.
Like the WPPSI-R, the WISC-III allows for only partial measurement of Gg and Gsm.
However, the WAIS-III includes a single Gf test (viz., Matrix Reasoning) and expanded
coverage of Gsm. These recent developments, although much welcomed and necessary,
reflect slow incremental progress. As such, even when the WISC-IIT and WAIS-III are
combined with the two memory batteries to which they are statistically linked (i.e., Chil-
dren’s Memory Scale and Wechsler Memory Scale—Third Edition, respectively), the end
result does not represent an effective narrowing of the theory-practice gap. This is not unex-
pected given that the third generation of the Wechsler Scales have not been influenced
overtly by contemporary G/~Gce theory and research.

In defense of the Wechsler Scales, the serious attention that has focused on develop-
ing tests that are firmly grounded in empirically supported theories of intelligence is a rel-
atively recent trend in the history of intelligence test development (Kamphaus, 1998;
Sternberg & Kaufman, 1998). In terms of a single battery, currently the WI-III comes clos-
cst to narrowing the gap between practice and contemporary Gf-Gce theory. As stated ear-
lier, however, most major intelligence batteries need to be supplemented with other
measures in order to narrow the Gf~Ge theory-practice gap.

Conclusion

There is little doubt that the Wechsler Intelligence Scale verbal/nonverbal (performance)
model has exerted, and continues to exert, a significant influence on the measurement, clas-
sification, and interpretation of intellectual behavior. Because of the historical dominance
of the Wechsler Scales in psychological assessment, it is understandable that many assess-
ment professionals have internalized the belief that a verbal/nonverbal taxonomy is one of
the best models for understanding intelligence test performance. However, the Wechsler
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verbal/nonverbal model is not based on an empirically derived theory of intetligence.
Therefore, it should come as no surprise that comprehensive reviews of the extant cognitive
abilities factor analysis research reveal a convergence on a hierarchical Gf-Gc model of
intelligence and not a dichotomous verbal/nonverbal model. From the perspective of Gf~Ge
theory, the Wechsler-based verbal/nonverbal model measures only a small portion of the
10 empirically supported broad Gf-Gc abilities. Carroll (1993a; 1993b) concluded that the
Wechsler Verbal scale is an approximate measure of crystallized intelligence (Gc) and the
Performance scale is an approximate measure of both broad visual perception (Gv) and,
somewhat less validly, fluid intelligence (Gf). Recent cross-battery factor analysis studies
of the Wechsler Scales and other intelligence batteries {see Chapter 3) support Carroll’s
(1993b) Gf-Gc analysis of the Wechsler Scales. However, the Wechsler Performance scale
is now being viewed as a measure of predominantly Gv, and not (5f;, abilities (Elliott, 1994,
Kaufman & Kaufman, 1993; McGrew & Flanagan, 1996; 1998; Woocdcock, 1990). Carroll
(1993a) provided a succinct judgement regarding the Wechsler Scales when he concluded
that “presently available knowledge and technology would permit the development of tests
and scales that would be much more adequate for their purpose than the Wechsler Scales”
(p. 702).

We believe that the less than positive results from the second and third waves of intel-
ligence test interpretation of the Wechsler Scales (i.e., clinical and psychometric profile
analysis) were largely due to the use of either clinical, empirical, or theoretical taxonomics
that were based on little or no sound empirical evidence. We believe that Gf~-Ge theory is
currently the best and most advanced taxonomy from which to understand human cognitive
abilities and from which to improve the practice of theory-based intelligence test interpre-
tation. Gf-Ge theory has provided a useful framework from which to analyze and interpret
intelligence tests (e.g., the Intelligence Test Desk Reference (ITDR): Gf-Gc Cross-Battery
Assessment [McGrew & Flanagan, 1998] is organized around the Gf-Gc taxonomy;
Prentky, 1994). Furthermore, the (f~(Gie framework has provided a standard set of names
or terms for the components of the entity (i.e., a standard nomenclature), an important fea-
ture of good taxonomies. Such an established nomenclature increases the effective commu-
nication among researchers and practitioners so that a “knowledge base can be
accumulated” (Reynolds & Lakin, 1987).

Based on our review, the Wechsler verbal/nonverbal modcl (as well as a number of
other theoretical models of intelligence) cannot be considered a good taxonomic system
from which to erganize thinking regarding intelligence tests. The Wechsler verbal/nonver-
bal model does not represent a theoretically ov empivically supported model of the siruc-
ture of intelligence. Unfortunately, a by-product of the Wechsler Scales’ success is that
many assessment professionals have grounded their practices in a largely atheoretical tax-
onomy of human cognitive abilities, a practice that was found to be seriously wanting in
the second and third waves of intelligence test interpretation and a practice that constrains
interpretation from benefiting from the now recognized need for theory-based interpreta-
tion. The staying power of this venerable (and out-of-date) taxonomy is at variance with
viable taxonomies that are flexible and evolving. The premature hardening of the taxo-
nomic categories can result in a deformation of the scientific process by “hermetically seal-
ing of the boundarics of knowledge” (Prentky, 1994, p. 507).
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We recognize that other theories of intelligence, including many of those reviewed
briefly in this chapter, have either made important contributions to the intelli gence knowl-
edge base or posses new and/or unique features that will make new contributions and per-
haps illaminate the limitations of the Gf-Ge theory. Contemporary Gf~Ge theory was
presented as the most researched, empirically supported, and comprehensive descriptive
hierarchical psychometric framework from which to organize thinking about intelligence
test interpretation. According to Gustafsson and Undheim (1996), “the empirical evidence
in favor of a hierarchical arrangement of abilities is overwhelming” (p. 204). An integrated
Cattell-Horn-Carroll Gf*Ge model was presented here as the taxonomic framework around
which the practice of intelligence testing and interpretation should be organized. The
remainder of this book is devoted to describing how the interpretation of the Wechsler
Intelligence Scales can be moved into the current emphasis on more theory-based intelli-
gence test interpretation. In particular, we seek to modernize the Wechsler Scales by wrap-
ping them in the Gf~Ge theory and taxonomy of human intelligence.

ENDNOTES

I.

Piaget’s theory of cognitive dcvelopment is not
included in this discussion since his work focuses
primarily on universal cognitive changes and not
on individual differences in cognitive development
(Niesser ct al., 1996).

. It is important to not confuse low corrclations with

g as meaning thosc abilities that are furthest to the
right in Carroll’s model are not important. For
example, Kamphaus (1997) has stated that the
Wechsler Coding test is not important since 1t rep-
resents an ability (Gis) which is to the far right in

Carroll’s model. Abilities (and thus tests)} may be
low in g but may cotrelate signiticantly with other
criteria. For example, a review of the literature has
shown the Gs abilities are important for reading,
math, and writing during the elementary school
years (see Chapter 3). Claims that certain abilities
are not important because of lower internal validity
(Le., not a strong measure of g) fail to recognize
that internal and external validity are different
forms of validity and that both are important for
different reasons.
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Validity is an integrated evaluative judgment of the degree to which empirical

evidence and theovetical rationales support the adequacy und appropriateness

of inferences and actions based on test scores or other modes of assessment.
—Messick (1989, p. 13)

In Chapter 2 it was concluded that most individually administered intelligence batteries,
including the Wechsler Scales, fall short in the valid measurement of the full range of
known (f-Gc abilities. This conclusion is grounded in the notion that the ability to draw
valid inferences about theoretical constructs from observable measures (e.g., tests) is a
function of the extent to which the underlying program of validity research attends to both
the theoretical and empirical domains of the focal constructs (Bensen, 1998; Bensen &
Hagtver, 1996). The purpose of this chapter is to describe the characteristics of strong pro-
grams of test validation research, explain why parts of the Wechsler Intelligence Scales (as
organized and typically interpreted) are judged not to be based on a strong validation
research program, and finally, to demonstrate how the application of the Gf-Ge theory can
strengthen the validity of the inferences drawn from Wechsler test scores.

Strong Theory: A Necessary Prerequisite for
Strong Construct Validity

Similar to the calls for theory-based intelligence test interpretation in Chapter 1, leading
scholars in the area of test validity (Cronbach, 1971; Cronbach & Mechl, 1955; Loevinger,
1957; Messick, 1989; Nunnally, 1978} stress the prominent role theory should play in the
construction, validation, and interpretation of psychological tests (Bensen, 1998). There-
fore, it is essential that the underlying theory of any psychological test be based on a solid
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foundation of evidence. In Chapter 2, Gf~Ge theory was described as the most comprehen-
sive and empirically supported psychometric theory of intelligence and the theory around
which intelligence tests should be developed and interpreted. Given the salient role theory
plays in test validation, it is first necessary to provide evidence which supports the use of
Gf-Ge theory in the interpretation of the Wechsler Intelligence Scales.

Supporting Evidence for Gf-Gc Theory

Extensive and robust factor-analytic evidence supports the validity of the G/-Gc theory of
intelligence. Unfortunately, since the factor-analytic literature on cognitive abilities is typ-
ically the only evidence cited in support of Gf~Ge theory, there is a common misconception
that Gf-Ge theory is only a factor-analytic-based theory. However, support for the hierar-
chical Gf~Ge theory has been documented through five major forms of validity evidence
{Gustafsson & Undheim, 1996; Horn, 1994; Horn & Noll, 1997). Each is discussed briefly
in the text following.

Structural Evidence

Structural evidence, or evidence based on the individual differences, factor-analytic
research tradition, has been the most prominent evidential base for the G Gc constructs
{Taylor, 1994). This source of evidence is based on the principle of concomitant variation.
That is, if measures covary repeatedly across studies that differ in sample characteristics,
time, and place, then this covariation suggests the plausibility of a common underlying
function (Horn & Noll, 1997). The extant factor-analytic research over the past 50 to 60
years has converged consistently on models of intelligence similar to the Gf-Ge models pre-
sented in Figure 2.4 (in Chapter 2). Furthermore, the Gf-Gc structure presented in Figure
2.4 has been found to be invariant across different gender, ethnic, and racial groups (Car-
roll, 1993a). Carroll (1993a) concluded that “with reference to the major types of cognitive
ability, there is little evidence that factorial structure differs in any systematic way across
male and female groups, different cultures, racial groups, and the like” (p. 687).

Given the wide age range covered by the family of Wechsler Intelligence Scales, it is
important to know if the Gf-Gc model presented in Figure 2.4 is invariant across ages. His-
torically, both logical and theoretical considerations have suggested that cognitive abilities
become more differentiated with age (the age-differentiation hypothesis) (Carroll, 1993a).
Carroll’s massive review of the cognitive ability factor-analytic research addressed the age-
differentiation issuc given that it included studies with subjects from as young as 6 to 11
months to 70 years. Carroll (1993a) stated that “my general conclusion on age-differentia-
tion of cognitive ability factors is that it is a phenomenon whose existence is hard to
demonstrate . . . the question of the age differentiation is probably of little scientific interest
except possibly at very young ages. . . the same factors are found throughout the life span™
(p. 681). The apparent invariance of the Gf-Ge factors across the life span, male and female
groups, and different cultures and racial groups supports the application of the Gf~Gc cross-
battery approach to intelligence test interpretation for most of the population,
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Developmental Evidence

The validity of the Gf~Gc constructs is supported also by differential developmental
changes in the growth and decline of cognitive abilities across the tife span (Carroll, 1993a;
Dixon, Kramer, & Baltes, 1985). This type of evidence typically takes the form of compar-
ing Gf-Ge growth curves. Developmental evidence has shown that different Gf~Ge abilities
follow divergent developmental trajectories with increasing age (Horn, 1982; 1985; Horn
& Cattell, 1967; Schaie, 1979; 1983; 1994). For example, from young adulthood to old age,
increases in Gc and Glr (maintained abilities) and decreases in Gf Gs, and Gsm (vulnerable
abilities) have been reported (see Horn & Noll, 1997 for a summary). The finding of main-
tained and vulnerable abilities and differential ability growth curves across the lifespan
suggests that different mechanisms or determinants (e.g., education, genes, injuries, life-
style factors) operate differentially in the development and decline of G/~Ge abilities, evi-
dence that supports the validity of the different Gf-Ge constructs (Carroll, 1983; Homn &
Nell, 1997).

Neurocognitive Evidence

Neurocognitive evidence exists in the form of empirical relations between measures of G-
Ge abilities and physiological and neurological functioning (o & Noll, 1997). For
example, the norepinephrine system of the brain has been associated with neurological
arousal that is characteristic of Gf abilities (Horn, 1982; 1985; Iverson, 1979). The local-
ization of specific cognitive abilities in certain regions of the brain (e.g., verbal or Ge-type
abilities are often reported to be localized mainly in the left hemisphere) is another example
of neurocognitive evidence (see Kaufiman, 1990 and Lezak, 1995 for summaries). Differ-
ential declines in different G/~-Ge abilitics that are associated with age-related central ner-
vous system deterioration (¢.g., the development of senile plaques apparent in Alzheimer’s
patients) suggest that different Gf-Ge abilities are supported by different underlying brain
structures and functions—a finding that further supports the construct validity of the differ-
ent abilities.

Heritability Evidence

Another form of support for the different Gf-Gc abilities is heritability evidence, evidence
concerned with the “proportion of phenotypic (observed) differences among individuals in
a population that can be attributed to genetic differences among them” (Plomin & Petrill,
1997, p. 57). Although at times controversial and theoretically and methodologically com-
plex (see McArdle & Prescott, 1997), behavioral-genetic research has suggested that dif-
ferent sets of genes may determine different structures and functions of the brain (Plomin
& Petrill, 1997). Although no definitive conclusions have been reached, different heritabil-
ity estimates have been reported for different cognitive abilities in some studies (Carroll,
1993; McGue & Bouchard, 1989; Plomin, DeFries, & McClearn, 1990; Scarr & Carter-
Saltzman, 1982; Vandenberg & Volger, 1985). For example, Vanderberg and Volger
{1985) cite parent-offspring research that suggests that spatial (Gv-Spatial Relations) and
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verbal (Ge) abilities have higher heritabilities than visual memory (Gv-Visual Memory)
and perceptual speed (Gs-Perceptual Speed). In studies of twins, McGue and Bouchard
(1989) reported that genetic influences were largest for spatial (Gv-Spatial Relations) abil-
ities and smallest for visual memory (Gv-Visual Memory) abilities. Some behavioral
genetic research has suggested that different GG abilities may be influenced by separate
genetic and environmental factors. When combined with research that has reported the dif-
ferentiation of cognitive abilities at early ages (Carroll, 1993), Horn and Noll (1997) con-
cluded that “the outlines for different intelligences can be seen in early childhood” (p. 81).

QOutcome-Criterion Evidence

Finally, differential achievement or outcome-criterion evidence supports the existence of
separate Gf-Ge abilities. Supporting outcome-criterion evidence is found in research stud-
ies that have investigated the relations between Gf-Ge abilities and academic achievement,
occupational success, and other human traits. This outcome-criterion evidence is important,
as Gf-Ge-based intellectual assessments will be of little practical value if they fail to pro-
duce valid interpretations of intellectual functioning that contribute to improved diagnostic
and classification decisions, predictions about performance, and interventions. A first step
on the road to using Gf~-Ge theory to improve the practice of intellectual assessment is to
understand the relations between Gf-Ge abilities and other variables.

McGrew and Flanagan (1998) presented a summary of more than a decade of
research that has examined the relations between different Gf=Ge constructs and measures
and other non-Gf-Ge constructs and measures. An abstracted summary of their review is
presented in Table 3.1, In general, the information presented in Table 3.1 indicates that dif-
ferent Gf-Ge constructs (and valid measures of the constructs) are significantly and differ-
entially related to different academic, occupational, interest, and personality variables.!
This form of ¢cvidence provides additional support for the validity of the different Gf-Ge
constructs,

Supporting Evidence: Concluding Comments and Cautions

The validity evidence present for the Gf-Gc theory approximates the desired standard of
validity evidence—a nomological network of different types of validity evidence (viz.,
structural, developmental, neurocognitive, heritability, and achievement or outcome crite-
ria). This conclusion is similar to that reached by Messick (1992), who, after comparing
the validity evidence for the Gf-Ge theory and two other theorics of multiple cognitive
abilities (i.e., Gardner’s and Sternberg’s theorics), concluded that the Gf~Ge theories of
intelligence “fare somewhat better . . . becausc they reflect many decades of programmatic
research” (p. 382). Messick went as far as to statc that Gf-Ge “multifactor theory and mea-
surement provide a partial standard of validity for both Gardner and Sternberg” (1992, p.
366). It scems clear that Gf~-Ge-organized Wechsler-based cross-battery assessments
{(described in Chapters 7 and 8) have the potential to contribute meaningfully to research
studies and reviews on the relations between cognitive abilities and many different out-
come criteria, because they are organized within this well-articulated and researched theo-
retical framework.
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Although there is considerable support for the Gf-Ge theory of intelligence, it should
not be considered rhe definitive theory. Gf~Ge theory is not without limitations. Hormn and
Noll (1997) summarized four major limitations of Gf-Ge theory. Carroll (1995b; 1997) also
provided appropriate words of caution about the limits of G~Ge theory.

First, Gf~Ge theory is more a descriptive, empirical generalization of research find-
ings than a deductive explanation of these findings. A research tradition has evolved in
which the Gf-Ge variables included in successive studies are based on the variables
included in prior studies, a situation that does not include the requisite a priori theoretical
basis for validating a theory. Horn and Noll (1997) acknowledge this limitation, but point
out that all scientific theory is the result of a research history and culture, and it “evolves
out of a repetitive spiral of building on what is known (induction), which leads to deduc-
tions that generate empirical studies and more induction, which leads to further deductions,
which spawn further induction, and so on” (p. 83).

Second, the structure implied in the Gf~Ge theory 1s a limitation. Although the statis-
tical method of factor analysis can produce neat hierarchically organized factors, these
empirically based frameworks most likely do not represent accurately the organization of
actual human cognitive abilities. That is, Gf-Gc theory is largely a product of linear equa-
tions (viz., factor analysis). Natural phenomena most likely are nonlinear in nature. As
Horn and Noll (1997) stated, “The equations that describe the outer structure and convolu-
tions of brains must be parabolas, cycloids, cissoids, spirals, folliums, exponentials, hyper-
boles, and the like. It is likely that the equations that best describe the inner workings of
brains—human capabilities- -are of the same forms, not those that describe city blocks and
buildings” {p. 84).

Third, Gf~Gc theory provides little information on how the Gf~Gc abilities develop or
how the cognitive processes work together. The theory is largely product oriented and pro-
vides little guidance on the dynamic interplay of variables (i.e., the processes) that occur in
human cognitive processing (Gustafsson & Undheim, 1996). However, as described in
Chapter 2, recently Woodcock (1993, 1997} has articulated a Cognitive Performance
Model and a G-Ge Information Processing Model of intellectual performance that specify
relations between and among Gf-Ge abilities, information processing constructs, and non-
cognitive variables. Currently these models are largely speculative and need further study.

Fourth, Carroll (1997), one of the primary architects of the GF~Gc taxonomy, humbly
pointed out that additional work needs to be completed in the factor-analytic study of
human cognitive abilities. “The map of abilities provided by the three-stratum theory
undoubtedly has errors of commission and omission, with gaps to be filled in by further
research” (Carroll, 1997, p. 128). Carroll (1995) stated that certain aspects of the hierarchi-
cal structure may need to be refined and/or revised, including the identification of addi-
tional narrow abilities, the clarification of already identified narrow abilities, and the
clarification of the number and structure of broad abilities. Although Carroll’s wise words
should temper the tendency to believe that we have now discovered the “holy taxonomic
grail” of human cognitive abilities, the Gf-Gc taxonomy is currently the most comprehen-
sive and empirically supported psychometric framework from which to understand the
structure of human intelligence.
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Linking Gf~-Gc¢ Theory and Applied Measurement:
The Importance of a Strong Program of Construct
Validation Research

The benefits accrued from the identification of a valid theory of intelligence (i.c., GFGe
theory) are wasted if the development of operational measures of the relevant cognitive
constructs is not based on a strong program of construct validation research (Benson, 1998;
Cronbach, 1989). But just what is a “strong™ program of construct validation research and
how does it relate to the development and interpretation of the Wechsler Intelligence
Scales?

Many leading researchers and scholars in the area of psychological measurement
havc, at one time or another, described similar validation stages or components that arc nec-
cssary for strong test validity (see, for example, Cronbach, 1971; Cronbach & Meehl, 1955;
Loevinger, 1957; Messick, 1989; Nunnally, 1978). Tn general, a common theme among
these voices is that the test validation process is similar to that used to develop and evaluate
scientific theories and involves the evaluation of both theory and measures in a concurrent
iterative process. Benson’s (1998) synthesis of the various validity concepts and compo-
nents is particularly useful for understanding the interplay between theory and measure-
ment. According to Benson (1998), the steps that allow for valid inferences to be drawn
from test scores are those illustrated in Figures 3.1 and 3.2.

The Substantive Stage of Construct Validation:
A Conceptual Explanation

The information presented in Figures 3.1 and 3.2 conveys the message that a strong theory
is a necessary foundation from which to devclop and interpret valid measures of intelli-
gence. A strong theory of intelligence is nceded in order to specify, define, and circum-
scribe both the theoretical and empirical domains of the focal constructs. This point will be
illustrated within the domain of visua! intelligence or processing (Gv).

As illustrated in Figure 3.1, the first step toward devcleping valid measures of the Gv
construct is the identification of a strong theory. We havc already presented ample evidence
to support the conclusion that Gf-(vc theory is a strong theory. Therefore, the G Gc frame-
work and the Gv domain (which is part of this framework) constitute the theoretical domain
(see Figure 3.1) from which to develop measures during the substantive stage (see Figure
3.2) in this example.

The next step in the substantive stage of construct validation is to develop and eval-
uate possible measures of the theoretical constructs (i.e., the empirical domain) (see Figure
3.1). During this step a variety of methods and concepts should be employed to “tlesh out”
the potential measures in the empirical domain (see Figure 3.2). For example, definitions
of the theoretical constructs must be specified in order to circumscribe the constructs to be
measured. Typically, this is followed by the development of test formats, the generation of
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test items, the gathering of item calibration data, and the use of various item analysis pro-
cedures (e.g., Rasch scaling) to evaluate the adequacy of the items and scales. Essential to
the process are activities directed at insuring adequate confent validity of the measures that
will be used to represent the theoretical construct (Benson, 1998; Messick, 1989).

Brietly, content or construct represeniation is concerned with the extent to which the
itetns/tests within an empirical domain adequately reflect the major aspects of the theoret-
ical domain of constructs (Bensen, 1998). In Figure 3.1, adequate Gv construct representa-
tion would be insured through the development of tests for the abilities of Spatial Scanming,
Spatial Relations, Closure Speed, Visual Memory, and Visualization. The development and
use of a single test indicator (c.g., a test of Visual Memory) or two similar indicators (e.g.,
two different tests that measure Visual Memory) to represent the Gv construct would not
result in accutate and valid inferences regarding the complete Gv construct. In general, the
most valid measures of intellectual ability constructs (i.e., Gf~Gce abilities) would be those
that include the largest number of different tests (within practical constraints), each mea-
suring 4 unique aspect of every one of the broad theoretical constructs.

Substantive Validity of the Wechsler Scales

With the benefit of hindsight, it is now clear that the Wechsler Intelligence Scales are not
grounded in a strong theory of intelligence and thus, have a weak substantive foundation.
In addition to the material summarized in previous chapters, evidence that supports this
conclusion is the paucity of substantive Wechsler Scale validity research studies. A com-
prehensive literature review of validity studies conducted with the Wechsler Intelligence
and Memory Scales since 1989 was completed by the present authors. A summary of this
review is provided in Appendix A (Network of Validity Evidence of the Wechsler Scales).
The studies included in this appendix were classified by the present authors as fitting into
one of these categories: substantive, structural, and external. The information presented in
Figure 3.2 guided our classifications.?

Because the Gf-Gc taxonomy “provides what is essentially a ‘map’ of all known cog-
nitive abilities . . . [it] can be used in interpreting scores on the many tests used in individ-
ual assessment” (Carroll, 1993a, p. 127). In other words, the Gf-Gc taxonomy can serve as
a blueprint from which to evaluate the content validity of intelligence tests. The first sys-
tematic attempt to map the major intelligence batteries to the Gf-Gc structural framework
was presented by Woodcock (1990). Woadcock’s (1990) classifications, which were only
at the broad (stratum 11) level, were extended to the narrow {stratum 1} level by McGrew
(1997). McGrew and Flanagan (1998) subsequently refined McGrew’s classifications and
extended the classifications to over 200 cognitive ability measures. The Wechsler Gf~-Ge

“test classifications presented by McGrew and Flanagan are used here to evaluate the con-
tent or substantive validity of the Wechsler Intelligence Scales.

The Wechsler Gf-Ge classifications required that each test be classified at both the
broad (stratum 11) and narrow (stratum 1) ability levels, The broad abilities measured by
tests coincide with the broad Gf~Ge abilitics in the Integrated Cattell-Horn-Carroll model
described in Chapter 2. Figure 3.3 presents an example of a Gf-Ge broad- and narrow-abil-
ity test mapping for five Wechsler tests.
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FIGURE 3.3 The Relations between Five WISC-III Tests and the Three Strata (Narrow,
Broad, and General) of the Gf~-Gc¢ Model of Intelligence

Note: There are additional narrow abilities in the domains of Ge and Gy that are not included in this figure.

Figure 3.3 shows that the hroad ability of Gc subsumes the specialized narrow abili-
ties of General Information, Language Development, Lexical Knowledge, and others not
included in the figure. The rectangles in Figure 3.3 represent five tests from the WISC-IIL.
In this figure, the Information, Comprehension, Similarities, and Vocabulary tests are all
classified as indicators of the broad G ability. The Arithmetic test is classified as an indi-
cator of the broad Gg ability. The complete Gf~Gc content validity evaluation of the Wech-
sler Scales is presented in Figure 3.4. The broad Gf-Ge test classifications presented in
Figure 3.4 were derived from a series of confirmatory cross-battery intelligence test factor
analysis studies (described below). The narrow-ability classifications of the Wechsler sub-
tests, as well as the expert consensus preccdures on which they are based, are described in
McGrew (1997) and McGrew and Flanagan (1998) and are summarized in Chapter 4.

A review of Figure 3.4 reveals that the Wechsler Intelligence Scales have weak con-
tent validity when evaluated according to the Gf- (e theoretical model. This is not a surpris-
ing conclusion given that the Wechsler scales have, by and large, maintained their ancestral
link with David Wechsler’s largely atheoretical notions of intelligence. Of the Gf-Ge
domains that are represented across the Wechsler Intelligence batteries (viz., Gf Ge, Gsm,
Gv, Ga, Glr, Gs), Ge and Gv are the only abilities that have strong content or construct rep-
resentation (defined by the measurement of three or more narrow abilities under a broad
ability). In addition to Gc¢ and Gv, the WISC-TII adequately represents the construct of Gs
(i.e., it measures at least two distinct narrow abilities that define this broad ability) while
the WAIS-1I1 adequatcly represents Gs and Gsm.
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The Wechsler Intelligence Scales do nol contain any measures of Ga and Glr. In the
Gf domain, the WAIS-III has weak construct representation (i.e., it only measures onc nar-
row ability within this domain), while the WPPSI-R and WISC-III do not contain any
strong measures of Gf. Similarly, Gsm is underrepresented on the WPPSI-R and WISC-111
(i.e., each scale provides only one measure of this construct) and G is underrepresented on
the WPPSI-R.

This content validity analysis suggests that, from the perspective of Gf-Ge theory, the
Wechsler Intelligence Scales have a weak substantive foundation. This is primarily due to
the fact that during the development and subsequent revisions of the Wechsler Intelligence
Scales, no explicit attempt was made to specify and circumscribe the theoretical domain
{and subdomains) of intelligence. As a result, the Wechsler Intelligence Scales have not
benefited from a test development process where measures were operationalized according
to a theory-based “blueprint” similar to that portrayed in Figure 3.1. The continuum repre-
sented in Figure 3.2 suggests that the lack of a strong substantive component is the Achilles
heel of the Wechsler Intelligence Scales. The largely atheoretical foundation of the Wech-
sler Scales places a number of constraints on the validity of inferences that can be drawn
from all of the Wechsler tests and composite scores. As will be demonstrated in the remain-
der of this chapter, the lack of a sound theory constrains the degree to which interpretation
ofthe Wechsler Scales can benefit from current efforis to make test interpretation morc the-
ory based.

The Structural Stage of Construct Validation:
A Conceptual Explanation

As highlighted in Figure 3.2, the structural stage of test validation has an internal focus on
the collection of tests designed to measure the theoretical domain (e.g., Gv). A variety of
internal domain studies and methods are used to evaluate whether the tests measure the con-
struct(s) they are purported to measure. That is, does empirical evidence support a strong
link between the empirical and theoretical domains of the focal constructs? Although a the-
ory of intelligence may have considerable popular appeal or supporting evidence, the lack
of psychometrically sound measures of the focal constructs of a theory will limit its practi-
cal utility.

As is the case with all major intelligence batteries, Appendix A reveals that the pri-
mary structural validity tool of the Wechsler Scales has been factor analysis, a statistical
procedure that groups together measures (tests) that intercorrelate positively with onc
another. The use of factor-analytic methods in the investigation of the structural validity of
intelligence batteries can be organized along two dimensions. The first dimension is the
method of factor analysis that is employed (i.e., exploratory or confirmatory, both of which
subsume a variety of different procedures). Exploratory factor analysis allows the data to
“speak for themselves,” since it identifies the factor structure of an intelligence battery with
no a priori model in mind. In contrast, confirmatory factor analysis typically examines the
extent to which an a priori hypothesized factor structure or model fits the data, as well as
how the (it of the modcl compares to alternative models, and how the model might be mod-
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ified to fit the data better. Confirmatory factor methods are becoming particularly promi-
nent in theory-based test development and research activities (Keith, 1997).

The second dimension of factor-analytic methods involves the breadth of cognitive
ability indicators (or tests) that are analyzed. Within-battery factor analysis is confined to
the tests from a single intelligence battery (e.g., the 13 WISC-III tests). Cross-battery (or
joint) factor analysis, includes tests from more than one intelligence battery (e.g., WISC-
I1I and WI-TIT).

In the Gv example presented in Figure 3.1, if tests of Spatial Scanning, Spatial Rela-
tions, Closure Speed, Visual Memory, and Visualization are factor analyzed together with
indicators of other Gf-Gc constructs, structural or internal construct validity ¢vidence
would emerge in the grouping (i.e., loading) of these five specific tests on a Gv factor while
other non-Gv tests would load on separate and uniquely different factors. In the case of
intelligence tests like the Wechsler Scales, positive structural evidence would be inferred
if the tests selected or developed from the empirical domain are determined to be valid mea-
sures of the corresponding constructs in the theorctical domain (see Fi gure 3.1).

Structural Validity of the Wechsler Scales

David Wechsler appeared to have strong convictions regarding the tasks in his scales and
their ability to measure a range of cognitive functions sufficient to assess general intelli-
gence validly (Wechsler, 1958; Zachary, 1990). As such, he may have felt little need to
include much information regarding validity in the technical manuals of his tests. The little
cvidence that was presented in support of the early Wechsler Scales’ validity reflected, for
the most part, a content-description orientation (e.g., some data concerning the correlation
between the Wechsler Scales and other global measures of intelligence such as the
Stanford-Binet, the latter of which hovered around 0.80). Although there were references
to the underlying factor structure of the Wechsler Scales, the early manuals never addressed
the issue empirically. Rather, it was left to the auspices of independent researchers to pro-
vide such data, which they did in abundance.

Unlike the earlier versions, the current Wechsler Scales come with manuals that are
replete with validity data. For example, nearly half of the entire WAIS-III manual (not
including appendices) is devoted to the topic of validity. Like their predecessors, the valid-
ity data reported in the current Wechsler manuals continue to be supported by extensive
independent investigations {sce Appendix A). Tt is clear that validity has emerged as the
preeminent concern for the publishers of the Wechsler Scales. Below we present a sum-
mary of the factor-analytic construct validity evidence that has becn reported for the
Wechsler Scales,

Within-Battery Structural Research. The preponderance of structural validity studies
included in Appendix A support the internal validity of the Wechsler Scales. Within-battery
factor-analytic studies of the early Wechsler Scales invariably revealed a two-factor solu-
tion invalving a verbal and nonverbal (or perceptual-organizational) factor (Gutkin & Rey-
nolds, 1981; Kaufman, 1975; Leckliter, Matarazzo, & Silverstein, 1986; Silverstein, 1982).
A number of the WAIS-R factor analysis studies listed in Appendix A (e.g., Gutkin, Rey-
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nolds & Galvin, 1984; Parker, 1983; Silverstein, 1982) were included in a recent literature
review in which the reviewers concluded that the WAIS-R was characterized best by three
factors—namely, Verbal Comprehension (VC), Pereeptual Organization (PO), and Work-
ing Memory/Freedom From Distractibility (WMFFD) (Leckliter, Matarazzo, & Silver-
stein, 1986). A similar but more recent example listed in Appendix A is Keith and Witta’s
(1997) multisample hierarchical confirmatory factor analysis of the WISC-III standardiza-
tion data. These researchers found support for similar VC and PO factors as well as a sim-
ilar FFD-like factor they called Quantitative Reasoning. Consistent with the WISC-III
factor-based index interpretation system, Keith and Witta found support for a separate Pro-
cessing Speed (PS) factor.

The large number of within-battery factor-analytic studics reported in Appendix A
supports the current consensus that a three- or four-factor structurc characterizes the vari-
ous permutations of the 11 common core Wechsler subtests. These factors include Verbal
Comprehension (VC), Perceptual Organization (PO), Processing Speed (PS), and Working
Memory (WM) (or Freedom From Distractibility, depending on the Scale). In lieu of a
detailed and lengthy discussion of all the within-battery factor analysis studies of the vari-
ous versions of the Wechsler Scales, Figure 3.5 is used to summarize and illustrate how the
extant [actor analysis research findings have changed the face of the Wechsler interpretive
framework over time.

Figure 3.5 shows that the Verbal and Performance two-factor structure was believed
to best represent the structural characteristics of the Wechsler Scales until the late 1970s.
Alan Kaufiman’s rescarch and writings on the WISC-R (Kaufman, 1979) were particularly
instrumental in the aceeptance of the familiar three-factor (VC, PO, FFD) structure. As
demonstrated in Figure 3.5, this more differentiated WISC-R factor structure occurred
through the splitting off of the Arithmetic and Digit Span subtests from the Verbal Scale,
and their marriage with the Coding subtest {which split off from the Performance Scale) to
form the new FFD triad.

Movement toward an even more differentiated factor structure occurred with the pub-
lication of the WISC-I11 {Wechsler, 1991). The addition of the Symbol Search test resulted
in the splitting of the FFD factor into separate FFD and PS factors in factor analysis studics.
Likewise, the addition of two new tests (i.e., Letter-Number Sequencing and Matrix Rea-
soning) to the Wechsler subtest family with the publication of the WAIS-III resulted in a
“fine-tuning” of the four-factor structure of the Wechsler Scales. In addition to the WISC-
I1i-like VC and PS factors, the latest Wechsler battery has expanded the composition of the
PO factor with the addition of the Matrix Reasoning test. In addition, the new Letter-Num-
ber Sequencing test has resulted in a reconceputalization of the FFD factor into a three-test
Working Memory (WM) factor.

The movement away from the original Verbal and Performance Scales in the direc-
tion of the four factor indexes (VC, PO, PS, WM), a change that is supported by a substan-
tial body of systematic within-battery factor analysis research within the past [0 to 15 years
(see Appendix A), reflects incremental improvement in the internal or structural validity of
the factor-based interpretation schemes of the Wechslers as manifest in the most recent
Wechsler Scale (i.e., WAIS-III). This improvement in the structural validity of the WAIS-
111, in particular, suggests a harbinger of changes in the next revisions of the WPPSI-R and
WISC-IIL
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Although the within-battery factor analysis research of the most recent Wechsler
Scales generally support the internal validity of the batteries, the ever changing interpreta-
tion of two of the original FFD tests (viz., Digit Span and Arithmetic) should give pause for
concern (McGrew, 1999). As reflected in Figure 3.5, within-battery factor analyses of the
various Wechsler Scales have shown that the Arithmetic and Digit Span subtests have
changed their factor allegiance from their original Verbal factor to that of FFD, and more
recently, WM. The ever changing factorial nature of the Arithmetic and Digit Span subtests
raiscs concerns about the validity of the factor-based interpretations that have been offered
for these subtests. Not unexpectedly, the factorial ambiguity of these two tests resulted in
independent researchers offering a wide range of interpretations for the FFD factor (Kam-
phaus, 1993). For example, this factor has been suggested to measure shorl-term memory,
math achicvement, attention and concentration, scquential processing, and cxccutive prob-
lem-solving strategies, as well as a variety of personality and emotional constructs (Kauf-
man, 1994; Wielkiewicz, 1990). How can this be? Even Alan Kaufman, whosc name has
become synonymous with the FFD label, has expressed frustration with the interpretative
gquagmire as reflected in his statement, “1 cringe whenever 1 read ‘Kaufman’s Freedom
from Distractibility factor.” [t's not mine, and I don’t want it” (Kaufiman, 1994, p. 212).

The authors believe that the variable interpretations for the Arithmetic, Digit Span,
and Coding/Digit Symbol tests reflect, in large part, the fallout from the weak substantive
or theoretical foundation of the Wechsler Scales. It seems clear that the structural validity
of the Wechsler Scales can be improved on significantly through the application of theory-
based cross-battery factor analysis research. The application of Gf~Gc organized cross-bat-
tery factor analysis to the Wechsler Scales represents, in a sense, a post-ho¢ structural valid-
ity repair to the substantive foundation of the Wechsler Scales.

Cross-Battery Structural Research Defined. Cross-battery (or joint) factor analysis, as
stated earlier, includes tests from more than one intelligence battery in the analysis. The-
ory-based cross-battery factor analysis intelligence test studies are consistent with the focus
of the fourth wave of intelligence test interpretation since these investigations organize the
analyses from the perspective of a particular theory of intelligence. That is, the measures
from the various intelligence batteries are freed from the confines of their own battery and
are allowed to, or are specified to, [oad on the various cognitive factors included in the the-
oretical domain. Thus, the tests from the different individual batteries are allowed to cross
battery boundaries in order to mingle with other tests and subsequently load on the theoret-
ical factors specified by the theory of intelligence.

Consistent with the call for more theory-based intelligence test interpretation, the
authors believe that the Gf~Ge theory of intelligence, if imposed on the analysis of the com-
plete collection of Wechsler subtests together with measures from other intelligence batter-
ies, will facilitate understanding of the structural characteristics and validity of the
Wechsler Intelligence Scales. Fortunately, there have been a series of recent Gf-Ge-
designed cross-battery factor analysis studies with a number of major intelligence batteries.
These confirmatory cross-battery studies, which collectively will be referred to as the CB
studies hereafter, included Woodcock’s (19903 analyses of the WI-R, Wechsler’s, SB:1V
(Thorndike, Hagen, & Sattler, 1986), and K-ABC (Kaufman & Kaufman, 1983);
McGhee’s (1993) analyses of the WJ-R, Differential Ability Scales (DAS; Elliott, 1990a),
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and Detroit Tests of Learning Aptitude-3 (DTLA-3; Hammill & Bryant, 1991); Flanagan
and McGrew’s (1998) WI-R and Kaufman Adult Intelligence Test (KAIT: Kaufman &
Kaufman, 1993) analyses, and joint WJ-R and DAS analyses (Laurie Ford, personal com-
munication, August, 1998). McGrew and Flanagan (1998) recently synthesized the result-
ing Gf-Ge classifications for all the tests from all the major intelligence batteries based on
Flanagan and McGrew’s (1997) and McGrew’s (1997) summaries of the extant G- Ge CB
rescarch.

The CB studies differ substantially from the within-battery structural validity studies
described previously in a number of important ways. First, the Homn-Cattell Gf-Ge model
of intelligence was the theoretical model used to organize each confirmatory factor analysis
study. Second, all the data sets included tests from the WJ-R, a battery that has empirically
validated indicators of eight broad G/ Gc abilities (McGrew, 1994; McGrew et al., 1991;
Reschly, 1990; Woodcock, 1990; Ysseldyke, 1990). As a resull, each of the major intelli-
gence batieries was analyzed together with a common set of empirically supported Gf~Ge
test indicators from the WJ-R. That is, the Gf-Gc analyses of all the major inteltigence bat-
teries used the WJ-R Gf-Ge-designed battery as a common reference point. Thus, most of
the broad Gf-Gc ability test classifications assigned by the authors of this textbook were
based on empirical research studies. These Gf-Ge classifications provide evidence for the
construct validity of the tests within individual intelligence batteries. A summary of these
broad Gf-Ge classifications for nine major intelligence batteries is presented in Table 3.2,
Table 3.2 represents an update of the broad ability classifications presented in McGrew and
Flanagan (1998).

As summarized in Table 3.2, most intelligence batteries measure a rather limited
range of Gf~Ge abilities. When using a criterion of at least two qualitatively different indi-
cators (a cross-battery assessment guiding principle) for adequate construct representation
(see Chapter 6 for a discussion), it is clear that most major intelligence batterics measure
only three or four Gf-Gc abilities well. These data demonstrate that it is necessary to cross
batteries (i.c., supplement an intelligence test with tests from another battery or other bat-
teries) in order to obtain a comprehensive evaluation of cognitive function (e.g., when
determining appropriate early intervention services; Wilson, 1992). The information pre-
sented in Table 3.2 is discussed further in Chapter 4.

Cross-Baftery Structural Research Applied to the Wechsler Scales. The importance of
the CB study approach to understanding the structural validity of all intelligence batteries,
and the Wechsler Scales in particular, is demonstrated when a comparison is made between
the CB study results and a typical within-battery exploratory factor analysis. For example,
as summarized in Figure 3.5, three factors (VC, PO, FFD) typically were reported for the
WISC-R (Kaufman, 1979). The previously mentioned three-factor structure has evolved
more recently into a VC, PO, PS, and FFD/WM structure. The latter four-factor structure,
which is based on within-battery structural validity research, contrasts with the Gf-Ge
cross-battery-based interpretation of the Wechsler Scales also presented in Figure 3.5. A
comparison of the within-battery and Gf-Gc cross-battery Wechsler interpretations revcals
a number of important insights.

When considered within the context of GEGe theory, the VC and PO factors are
interpreted as measuring mainly Gc and Gv abilities, respectively (Carroll, 1993b; McGrew
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& Flanagan, £996; 1998). It is also important to note that the FFD factor was not consistent
with or similar to any broad ability within the GF-Ge taxonomy. Is the taxonomy wrong, or
was the FFD factor suspect?

Based on logical content analysis, it seems clear that the three WISC-R FFD tests
{Arithmetic, Digit Span, Coding) are likely “loner” indicators of Gg, Gsm, and Gs, respec-
tively. This hypothesis has been supported in Gf~Ge CB studics of the WISC-R and WI-R
{(Woodcock, 1990} and the WISC-II and WJ-II1 (Phelps, Bowen, Chaco, Howard, Leahy,
& Lucenti, 1999). For example, when the WISC-R tests were analyzed together with empir-
ically validated indicators of a broad range of Gf~Gc¢ abilities from the WJ-R (Woodcock,
1990; 1998), the results revealed that the traditional FFD tests loaded on three separate fac-
tors. The WISC-R FFD tests abandoned one another to “hang out” (i.e., correlate) with indi-
cators of other Gf~Gc abilities with which they had more in ¢ommon, Specifically,
Arithmetic, Digit Span, and Coding loaded strongly on the Gg, Gsm. and Gs factors,
respectively. Thus, in within-battery factor analysis studies, the so-called FFD factor
appears to have been an invalid factor that consisted of tests that had no counterparts that
measured similar cognitive ability constructs with which they could correlate to form valid
factors (McGrew, 1999),

This conclusion is supported further by comparing the within-battery WISC-R and
within-battery WISC-III analyses. With the addition of one new test (Symbol Search) in the
third edition of the WISC, Coding abandoned its tried-and-true counterparts (Arithmetic
and Digit Span) and formed a separate and, indeed, more appropriate Gs factor, as both
Coding and Symbol Search involve perceptual speed and rate of test taking. Because the
WISC-R FFD factor consists of tests that are indicators of different Gf-Ge abilities, it did
net represent a valid theorctical cognitive construct. Given that two indicators (and prefer-
ably three or more) are needed to define a factor in factor analysis (Zwick & Velicer, 1986),
it is not surprising that the Wechsler’s loner tests loaded together on the so-called FFD fac-
tor. There simply were not enough indicators present in the within-battery WISC-R and
WISC-III factor analyses (i.e., one or two more tests each of Gg, Gsm, and Gs) to identify
clearly the separate abilities measured by the FFD tests. Furthermore, as is reflected in Fig-
ure 3.5, contemporary Gf~Ge research suggests that even the most recent recommended
WAIS-1I interpretation of the Arithmetic and Digit Span subtests as measures of working
memory is suspect. Gf-Ge organized CB research suggests that Arithmetic and Digit Span
subtests are primarily measurcs of Gg and Gsm, respectively. The ever changing nature of
the original FFD factor, and the chameleon nature of Arithmetic and Digit Span in partic-
vlar, demonstrate how valid test interpretation can be compromised when tests are devel-
oped and/or interpreted on the basis of a weak substantive foundation (McGrew, 1999).

The importance of the Gf~Ge CB study approach is also apparent when one examines
the Wechsler PO tests. The PO tests have a long history of being interpreted as measures
of Gf abilities (e.g., Kaufinan, 1979; 1994). However, as summarized in Figure 3.5, cross-
battery analyses with the WISC-R (Woodcock, 1990} and WISC-III (Phclps et al., 1999)
show that the PO tests do not load on the Gf factor (defined by the WI Analysis-Synthesis
and Concept Formation tests). These results, as well as other exploratory cross-battery
analyses of the Wechsler's with the DAS (Elliot, 1994; Stone, 1992) and KAIT (Kaufman
& Kaufman, 1993), call into question the traditional Gf interpretation of the Wechsler PO
tests (McGrew & Flanagan, 1996).
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The recent addition of a test of Gf'(i.e., Matrix Reasoning) to the WAIS-IIT, and hope-
fully a similar addition to the next versiens of the WPPSI-R and WISC-II1, is a step in the
direction of better representation of the theoretical domain of intelligence. However, the
inclusion of the Matrix Reasoning test in the PO index is a step backward in the empitical-
theory match of the Wechsler index scores. As will be discussed in Chapter 4, matrix rea-
soning tests are strong measures of Gf, not Gv. In fact, matrix analogy or reasoning tests are
considered to be one of (if not) the best indicators of Gf (Carroll, 19932). The inclusion of
the Matrix Reasoning test in the WAIS-IIT PO index results in the PO index now being
comprised of measures of Gv, Gf, and to a lesser extent, Ge. We believe that this further
muddying of the construct validity waters of the PO index is due to the lack of a strong the-
oretical or substantive foundation to the Wechsler program of validity research.

The Structural Validity of the Wechsler Scales:
Concluding Comments

Systematic and strong programs of theory-based construct validity rescarch are becoming
increasingly important during the fourth wave of theory-based intelligence test interpreta-
tion. The construct validity of a test “is the extent to which the test may be said to measure
a theoretical construct or trait” (Anastasi & Urbina, 1997, p.126). In the case of intelligence
tests, the constructs of interest are the different cognitive abilities included in the theoretical
domain of intelligence. The appropriate evaluation of the construct validity of tests requires
the embedding of the constructs of interest in a conceptual framework (APA, 1985; Mcs-
sick, 1995) and the examination of tests via research studies that include substantive, struc-
tural (internal), and external components. We belicve that Gf-Ge theory is currently the best
supported framework of cognitive abilitics on which a strong program of test construct val-
tdation can be based (Bensen, 1998).

The primary conclusion reached from the preceding discussion is that the Wechsler

Intelligence Scales’ continued allegiance to a largely practical and atheoretical model of

intelligence limits the validity of the inferences that can be drawn from some of the Wech-
sler subtest and composite scoves. Figure 3.5 illustrated how the lack of a streng theory
(which is the cornerstone of the substantive stage of validation) can result in the completion
of structural or internal validity studies with a collection of tests that have significant con-
tent validity limitations, which in turn can significantly confound attempts to draw valid
inferences from some of the test and index scores (¢.g., Wechsler FFD tests). Although
most of the internal structural validity studies reported for the Wechsler Scales have pro-
vided evidence for a within-battery factor structurc of these instruments (see Appendix A),
this evidence does not portray accurately their underlying theoretical constructs, as was evi-
denced through an evaluation of the individual Wechsler tests within a strong construct val-
idation framework.

The Wechsler Gf-Ge cross-battery interpretations proposed by McGrew and Flana-
gan (1998) (summarized in the far right portion of Figure 3.5), interpretations which are
based on structural analysis studies of a collection of measures (from many intelligence bat-
teries} that collectively have strong substantive or content validity, provides a strong the-
ory-based and construct-validated approach to interpreting the Wechsler Intelligence
Scales. This is the beginning of the Gf-Ge¢ empirical-theoretical domain match that is the
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foundation for the Wechsler Scale cross-battery interpretive approach described in subse-
quent chapters.

The External Stage of Construct Validation:
A Conceptual Explanation

Although positive structural evidence is a necessary condition for establishing construct
validity for tests, it does not meet the sufficient condition (Nunnally, 1978). The necessary
and sufficient conditions for construct validity are both met when structurally valid mea-
sures demonstrate expected convergent and divergent relations with measures of constructs
external to the focal measures (Benson, 1998; Benson & Hagtvet, 1996). This “looking out-
side” of the focal theoretical and empirical domains represents the external stage or com-
ponent of a strong program of construct validity research.

As depicted in Figure 3.1, the external component of test and construct validation
examines the nature and strength of significant relations between the focal theoretical con-
structs and a network of “other” constructs and measures “outside” of or external to the the-
oretical and empirical domains of primary interest. In the Gv example depicted in Figure
3.1, evidence for the construct validity of individual Gy tests (e.g., in the case of the Wech-
sler Scales, tests like Block Design and Object Assembly) or composite scores (e.g., Wech-
ster PO index) might take the form of moderate to high correlations between the focal Gv
tests and composites and other Gv tests (e.g., SB:IV Pattern Analyses; WI-R Spatial Rela-
tions) or composites (e.g., WJ-R Visual Processing Cluster) concurrent with low or nonsig-
nificant relations with valid measures of distinctly different constructs (e.g., the WI-R
Auditory Processing Cluster consisting of the Sound Blending and Incomplete Words
tests). Additional evidence might take the form of the finding that the Gv tests add impor-
tant incremental information to the prediction of success in certain occupations that requirc
strong visual-spatial skills (e.g., mathematics, sculpture, architecture). In other words, valid
tests of cognitive constructs should (1) correlate significantly with “other” (external) tests
of the same constructs; (2) either not correlate or correlate at low levels with tests of dis-
tinctly different constructs; and (3) make theoretically consistent predictions of a number
of outcome variables (see Figure 3.2).

In light of the preceding discussion, ideally, all intelligence test authors and publish-
ers should strive to achieve the comprehensive validity evidence. That is, they should pro-
vide substantive, structural, and external validity evidence that supports the recommended
inferences that can be made from their individual intelligence test and composite scores. A
review of Appendix A indicatcs that a significant body of research literature supports the
external validity of the Wechsler Scales. This conclusion is similar to Zimmerman and
Woo-Sam’s (1997) recent synthesis of the criterion-related validity of the WISC-III. Zim-
merman and Woo-Sam reported an average correlation (across 55 samples) of 0.75
between the WISC-III Full Scale score and 11 different ability measures. They also
reported correlations ranging from 0.50 to 0.65 between the WISC-111 Full Scale score and
various achievement tests. A review of all the external validity evidence listed in Appendix
A produces conclusions similar to those of Zimmerman and Woo-Sam.
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The positive external validity studies reported for the Wechsler Scales would, on ini-
tial inspection, raise doubts about the validity of the claim that a strong substantive or the-
oretical foundation is required in order for an intelligence test to possess strong construct
validity. In other words, how can the Wechsler Scales demonstrate significant external
validity evidence in the absence of a strong substantive foundation? The answer Lies in the
fact that although positive external validity evidence has been reported, some of which pro-
vides strong evidence for some of the Wechsler tests and indexes, a portion of this evidence
is not what it appears to be. Problems with the external validity evidence provided in sup-
port of the Wechsler Scales are discussed briefly below.

External Validity of Confounded Measures

Space limitations do not allow a detailed discussion and evaluation of the Wechsler exter-
nal validity research presented in Appendix A. Many of the research studies reported in
Appendix A provide external validity evidence for many of the Wechsler tests and scores.
For example, consistent with the Gf-Ge outcome-criterion validity evidence summarized in
Table 3.1, many of the studies listed in Appendix A report significant relations between the
Weehsler VC index and other measures of verbal or Ge abilities. Furthermore, a number of
these studies report that the Wechsler verbal subtests are significantly related to school
achievement. Overall, considerable evidence supports the validity of inferences drawn
from the tests comprising the Wechsler VC index. This is most likely due to the strong
Wecehsler VC-Ge empirical-iheoretical domain match.

The same, however, cannot be said for th¢ Wechsler FFD index—the primary exam-
ple of poor construct validity research in this chapter. At first glance, the extant external
validity research would appear to support the validity of the FFD index. Numerous studies
have reported significant relations between the Wechsler FFD index and many external
variables ranging from reading and math achievement to personality and emotional distur-
bance (Wielkiewicz, 1990). Even more impressive is Kaufman’s (1994a) list of 15 different
diagnostic categories of children who score low on the FFD tests. The list includes children
with reading and learning disabilities, children with leukemia who received cranial irradi-
ation therapy, children with epilepsy, and “believe it or not—notmal children, especially
girls, living in the Western part of the United States” (Kaufman, 1994a, p. 213), to name a
few.

Although a diverse and impressive number of studies, Kaufman’s (1994a) comment
that the “FD subtests are like a land mine that explodes on a diversity of abnormal popula-
tions but leaves most normal samples unscathed” (p. 213) should serve as a reminder that
the mere presence of significant relations between intelligence test scores and external vari-
ables is not always indicative of strong validity. In fact, patterns of significant correlations
that do not “behave” in a manncr consistent with theory may cast doubt on the construct
validity of the test scores.

The indiscriminate nature of the FFD external evidence is difficult to cxplain, Just
what is the nature of the construct underlying the FFD score that is related to both reading
and math achievement, developmental language disorders, attention deficit disorder,
schizophrenia, and Duchenne muscular dystrophy (Kaufman, 1994a)? According to Wiel-
kiewicz (1990), “the studies available so far do not define any single construct that could
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connect this wide range of findings” (p. 93). When evaluated within a validity framework
similar to the Gv example presented in Figure 3.1, the authors believe that the promiscuous
statistical tendencies of the FFD index are due to a breakdown in the substantive and struc-
tural stages of construct validation. That is, the FFD factor is not a valid indicator of a valid
theoretical construct within a valid theoretical model of intelligence (Carroll, 1993a). As
stated earlier, the original FFD tests are best considered to be indicators of three separate
Gf-Gec abilities (i.e., Arithmetic /Gg/; Digit Span [Gsm]; Coding [Gs]). The lack of a sub-
stantive theoretical foundation for the Wechsler tests has resulted in the post-hoc emer-
gence of the FFD and its rclations to a variety of disorders, the interpretations of which are
similarly not grounded in any substantive theoretical domain. Therefore, it is not surprising
that the external validity evidence for the FFD index is limited and confusing. In many
ways a score on the FFD index is like a thermometer. lts wide range of significant external
validity correlations suggests that it may help identify when something is amiss or atypical,
but it contributes little in the way of explanation or prescription and, in fact, may result in
the selection of thc wrong interpretative hypotheses or subsequent recommendations
(McGrew, 1999).

The meaning of the Wechsler PO index score, both from internal and external valid-
ity perspectives, also suffers from a poor theoretical-empirical domain match. For example,
the current WISC-TII PO index score, although predominately a measure of Gv abilities,
also includes two tests (i.e., Picture Completion and Picture Arrangement) that the extant
factor analytic research has consistently found to be measures of both Gv and Ge. Further-
more, although the addition of a measure of Gf (.., Matrix Reasoning) is a much wel-
comed improvement in the WAIS-III, the positive impact of this addition is minimized by
its inclusion in the PO index. The result is a WAIS-11I PO index that is a mixed measure of
Gv, Ge, and Gf abilities. Although such a factorially complex measure may have important
purposes in certain situations, factorial complexity makes it difficult to understand and
interpret significant relations between the PO index and external validity criteria. Thus, sig-
nificant correlations between the Wechsler PO index and other external criteria, notwith-
standing the interpretation, is indeterminate.

Strong Construction Validation Models
Do Make a Difference

Recently, Flanagan (1999) presented results from a series of causal models where the rela-
tions between the WISC-R factors and reading achievement factors were examined in a
sample of 166 normal elementary school-aged subjects. Figure 3.6 summarizes the major
findings from two causal models that were consistent with the atheoretical Wechsler model,
amodel that has been described in this chapter as being based on a “weak” program of con-
struct validity research. The simple g model revealed a strong and significant relation
between the WISC-R g score (i.e., Full Scale) and Reading (which included three different
aspects of reading). The 0.64 structural path between the WISC-R g factor and Reading, a
relation that indicates that the Wechsler g factor accounted for approximately 41 percent of
the Reading factor variance, is strong external validity evidence for the WISC-R.

Even more impressive are the results of the WISC-R g+specific abilities causal
model in the bottom half of Figure 3.6, a model that included, in addition to the g/Reading
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causal path, significant paths between specific cognitive abilities (i.e., VC, PO, and FF D)
and specific reading abilitics (i.e., Letter Word Identification, Word Attack, and Passage
Comprehension)3. I addition to a significant g/Reading path (0.58), significant structural
paths were identified between VC and Passage Comprehension (0.33) and PO and Word
Attack (0.19). These results indicate that even though the WISC-R factor scores may bhe
based on a weak atheoretical construct validity model, positive external validity evidence
still exists for the WISC-R Full Scale and VC and PO scores. On initial inspection, these
findings might argue against the central tenet of this chapter, namely, the need for measures
of intelligence to be grounded in a strong program of construct validation. However, sup-
port for this central tenct is found in the significant improvement in external validity
reported by Flanagan (1999) when the Gf-Ge cross-battery framework was superimposed
on the WISC-R. These results are summarized in Figure 3.7,

Briefly, the Wechsler Scales can be “modernized” by taking the Gf-Ge interpretation
of the Wechsler scales (as summarized in Figures 3.4 and 3.5) and “fleshing out” a more
valid interpretation of the scales via the cross-battery approach (McGrew & Flanagan,
1998). As summarized in Figure 3.7, Flanagan (1999) uscd this approach and specified a
causal model where the four-factor WISC-R model in Figure 3.6 was replaced with a Gf-
Ge WISC-R cross-battery cognitive model (accomplished by supplementing the strong
WISC-R Gf-Gc test indicators with strong WJ-R Gf£Ge test indicators). A number of
important differences in the findings reported in Figure 3.6 and Figure 3.7 should be noted.

In the simple g/Reading model, the structural coefficient increased from 0.64 (Figure
3.6) to 0.81 (Figure 3.7), reflecting an increasc in prediction/explanation of 24 percent of
the total Reading variance (65% to 41%). A similar pattern is reported in the g+specific
abilities models where a stronger g/Reading path was present for the WISC-R Gf-Ge cross-
battery model (0.71) when compared to the simple WISC-R model (0.58). Also, the number
and nature of the significant specific cognitive abilities to specific reading abilities paths
changed. More importantly, the significant specific paths in the WISC-R G£Ge cross-bat-
tery model are more consistent with the extant Gf~Ge reading research literature (see Table
3.1).

In both figures the significant Ge/Passage Comprehension (0.42) and WISC-R V(Y
Passage Comprehension (0.33) paths are consistent with the Ge/reading research reported
in Table 3.1. In contrast, the significant WISC-R PO/Word Attack path (0.19) in Figure 3.6
is difficult to interpret in light of the extant research literature which provides little, if any,
support for a significant rclation between word attack skills and a factor (PO) that is prima-
rily Gv in nature (see Table 3.1). The lack of a significant relation between the valid Gy
factor and reading achievement in Figure 3.7 is more consistent with the research literature.
A possible explanation, and one that would further support the tenet that the atheoretical
basis of the Wechsler Scales has constrained and confounded the external validity evidence
for the scales, is that the significant PO/Word Attack path (0.19) in Figure 3.6 may be due
to the (e variance present in the Wechsler Picture Completion and Picture Arrangement
subtcsts.

Even more interesting is the identification of the significant Gs/Passage Comprehen-
sion (0.14) and Ga/Word Attack (0.26) paths in Figure 3.7 and their absence in Figure 3.6
(WISC-R data). The significant Ga/Word Attack path is consistent with research that has
demonstrated a strong relation between phonological awareness and beginning reading (see
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Table 3.1). This path did not surface in the traditional WISC-R modei (Figure 3.6} simply
because the Wechsler Scales do not include measures of this construct (see Figures 3.4 and
3.5, and Table 3.2), a situation that is largely due, in our judgement, to the limited attention
paid to the substantive stage of construct validation in the development and revision of the
Wechsler Scales.

Finally, the absence of a significant Gs/Passage Comprehension path in Figure 3.6
and the presence of a significant Gs/Passage Comprehension path (0.14) in Figure 3.7, is
most likely due to the previously discussed problems with the WISC-R FFD factor. Con-
temporary research has shown that the WISC-R Coding test is a strong indicator of one
aspect of Gs (see Table 3.2). However, as seen in Fi gure 3.6, it’s potential contribution to
prediction/explanation of reading is degraded in the WISC-R via its combination of two
other tests (i.e., Arithmetic and Digit Span} that measure other cognitive abilities (i.e., Gg
and Gsm). Fortunately this situation has been rectified in the WISC-III and WAIS-ITT
through the addition of another measure of Gs (i.e., Symbol Search), a revision that has
made possible the emergence of a separate and valid Gs factor index in these two batteries,

External Validity and the Wechsler Scales:
Concluding Comments

In summary, it should be clear from the difficulties associated with the interpretation of the
confounded Wechsler FED factor-based index and the research results reported by Flana-
gan (1999) that a number of conclusions regarding the external validity of certain aspects
of the Wechsler Scales may be inaccurate. Although significant correlations have been
reported between the Wechsler FFD and PO indexes and important outcome criteria {c.g.,
school achievement), the inferences that can be drawn from these correlations are suspect
due to the confounded (factorially complex) nature of these index scores, Furthermore, the
failyre to include indicators of cognitive abilities (e.g., Ga and Glr) that substantive analy-
sis has identified as important abilitics to include in an intelligence test that is used to pre-
dict and understand school achievement, reveals a significant limitation of the atheorctical
Wechsler Scales. Finally, the si gnificant improvement in the prediction/explanation of total
reading (24 percent increase in reading variance explained) which occurred when the
WISC-R substantive and structural shortcomings were “ameliorated” via a Gf-Ge cross-
battery approach, suggests that a more substantive theory-based approach to constructing
and interpreting test batteries can result in stronger external validity.

The remainder of this book outlines a theoretically and empirically based Wechsler
Gf-Ge cross-battery approach that provides the Wechsler Scales with a much needed sub-
stantive foundation, which, in our judgement, will improve the internal and external valid-
ity of intellectual assessments that are based on the Wechsler Scales. Ultimately, this
approach will provide a viable means of propelling the Wechsler Scales into the theory-
based fourth wave of intelligence test interpretation.

Conclusion

“Those who are enamoured of the practice without science are like a pilot who goes into a
ship without a rudder or compass and never has any certainty wherc he is going, Practice
should always be based on a sound knowledge of theory” (Leonardo da Vinci). Similarly,
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we believe that the applied science of intelligence testing must be based on solid empirical
and theoretical knowledge. This stated belief, which is a cornerstone of this entire book,
should not be misconstrued as an indictment of the original Wechsler Intelligence Scales.
Historical hindsight is 20/20. It must be kept in mind that David Wechsler’s original test
was intentionally grounded in practical and clinical considerations rather than theoretical
deliberations. Also, only portions of the Gf-Ge terrain were emerging at the time when
David Wechsler was developing his first scales. The original Verbal and Performance fac-
tors made sense at the time and were quitc valuable and useful.

Tn order to improve the validity of inferences drawn from the various Wechsler
scores, it is important to understand that “that was then and this is now.” The recent appli-
cation of Gf-Ge-organized cross-battery factor analyses to the major intelligence batteries

(McGrew & Flanagan, 1998) has produced ac

loser correspondence between the empirical

and theoretical domains of intelligence. The left and right sides of Figure 3.5 represent the
then and now of Wechsler Scale test interpretation, respectively. An even more refined now

Gf-Ge interpretation of the Wechsler S
The imposition of the Gf-Ge fram:

cales was presented in Figure 3.4.
ework and the breaking down of the secular within-

battery confincs of the Wechsler Tntelligence Scales (i.e., adopting a cross-battery perspec-
tive) reflects a necessary post-hoc attempt to shore up the weak substantive foundation of

the Wechsler interpretative system. Researc

h presented in this chapter demonstrated how

the lack of a strong substantive foundation has undermined certain aspects of the internal

and external validity of the Wechsler Scales.

Furthermore, research showed that the impo-

sition of a valid substantive foundation (i.e., contemporary Gf-Gc theory) can significantly

improve this state of affairs. The empirical

-theoretical construct mapping presented in Fig-

ure 3.4 is intended to “right” the Wechsler construct validity ship. It is our belief that the
imposition of a strong substantive framework to the interpretation of the Wechsler Intelli-
gence Scales via McGrew and Flanagan's (1998) Gf-G¢ cross-battery approach will result
in a greater alignment of the Wechsler G-Ge empirical-theoretical domains. The end result
should be the derivation of more valid inferences from Wechsler test scorcs.

ENDNOTES

i

2.

For a detailed explanation of this table, see
MeGrew and Flanagan (1998).

At least two of the three authors classified every
study according to the criteria summarized in Fig-
ure 3.2. In addition to the authors’ classifications,
two upper-lcvel doctoral students in a clinical psy-
chology program classified every study inclnded
in Appendix A. This process resulted in four rat-
ings for each study. In the fow instances in which
disagreement was found among the raters, the con-
sensus reached by the authors constituted the final
classification. The positive (+) and negative (-)

signs throughout Appendix A indicate whether the
individual investigations provided or failed to pro-
vide validity evidence for the Wechsler Scales,
respectively. A review of this Appendix demon-
strates a lack of substantive validity support for the
Wechsler Scales.

_ The rationale and methods used by Flanagan

(1999) mirror those that are described in detail in
McGrew, Flanagan, Keith, and Vanderwood
(1997). The reader is directed to this latter source
for specific details of this type of methodology.



