55,

Prior to beginning work on this discussion, read Chapters 5 and 6 in the textbook and
the required articles for this week, and view the |Q; A history of deceit (Links to an
external site.) video. For your initial post, you will present at least two viewpoints
debating professional approaches to assessment used in psychology for your assigned
age group. Please see the list below for your assigned age group. In addition to the
required reading, research a minimum of one peer-reviewed article from the Ashford
University Library on ability testing research at is pertains to your assigned age group.

In your initial post, you must

Briefly compare and discuss at least two theories of intelligence and the
contemporary assessment measures related to those theories.

Analyze challenges related to assessing individuals in your assigned age group and
describe any special ethical and sociocultural issues which must be considered.
Analyze and provide evidence from validation studies supporting and opposing the
use of specific instruments with your assigned population.

Present the pros and cons of individual versus group assessment of ability.
Summarize the implications of labelling and mislabeling individuals in your assighed
age group as a result of testing and assessment.

Preschool-aged children through age 7(Assigned Group)
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The reliability and validity of 4 approaches to the assessment of children and adoles-
cents with learning disabilities (LD) are reviewed, including models based on (a) ap-
titude—achievement discrepancies, (b) low achievement, (¢) intra-individual differ-
ences, and (d) response to intervention (RTI). We identify serious psychometric
problems that affect the reliability of models based on aptitude—achievement discrep-
ancies and low achievement. There are also significant validity problems for models
based on aptitude—achievement discrepancies and intra-individual differences. Mod-
els that incorporate RTI have considerable potential for addressing both the reliabil-
ity and validity issues but cannot represent the sole criterion for LD identification. We
suggest that models incorporating both low achievement and RTI concepts have the
strongest evidence base and the most direct relation to treatment. The assessment of
children for LD must reflect a stronger underlying classification that takes into ac-
count relations with other childhood disorders as well as the reliability and validity of
the underlying classification and resultant assessment and identification system. The
implications of this type of model for clinical assessments of children for whom LD is
a concern are discussed.

Assessment methods for identifying children and
adolescents with learning disabilities (LD) are mul-
tiple, varied, and the subject of heated debates among
practitioners. Those debates involve issues that extend
beyond the value of specific tests, often reflecting dif-
ferent views of how LD is best identified. These views
reflect variations in the definition of LD and, therefore,
variations in what measures are selected to opera-
tionalize the definition (Fletcher, Foorman, et al.,
2002). Any focus on the “best tests” leads to a hopeless
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morass of confusion in an area such as LD that has not
successfully addressed the classification and definition
issues that lead to identification of who does and who
does not possesses characteristics of LD. Definitions
always reflect an implicit classification indicating how
different constructs are measured and used to identify
members of the class in terms of similarities and differ-
ences relative to other entities that are not considered
members of the class (Morris & Fletcher, 1988). For
LD, children who are members of this class are his-
torically differentiated from children who have other
achievernent-related difficulties, such as mental retar-
dation, sensory disorders, emotional or behavioral dis-
turbances, and environmental causes of underachieve-
ment, including economic disadvantage, minority
language status, and inadequate instruction (Fietcher,
Francis, Rourke, Shaywitz, & Shaywitz, 1993; Lyon,
Fletcher, & Barnes, 2003). If the classification is valid,
children with LD may share characteristics that are
similar with other groups of underachievers, -but they
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should also differ in ways that can be measured and
that can serve to define and operationalize the class of
children and adolescents with LD.

In this article, we consider evidence-based ap-
proaches tothe assessment of LD inthe context of differ-
entapproaches to the classification and identification of
LD. We argue that the measurement systems that are
used toidentify children and adolescents with LD are in-
separable from the classifications from which the identi-
fication criteria evolve. Moreover, all measurement sys-
tems are imperfect attempts to measure a construct (LD}
that operates as a latent variable that is unknowable in-
dependently of how it is measured and therefore of how
LD is classified. The construct of LD is imperfectly
measured simply because the measurement tools them-
selves are not error free (Francis et al., 2005). Different
approaches to classification and definition capitalize on
this efror of measurement in ways that reduce or in-
crease the reliability of the classification itself. Simi-
larly, evaluating similarities and differences among
groups of students who are identified as I.D and not LD
isatestofthe validity of the underlying classification, so
long as the variables used to assess this form of validity
are not the same as those used for identification (Morris
& Fletcher, 1988). As with any form of validity, ade-
quate reliability is essential. Classifications can be reli-
able and still }ack validity. The converse is not true; they
cannot be valid and lack reliability. A valid classifica-
tion of LD predicts important characteristics of the
group. Consistent with the spirit of this special section,
the most important characteristic is whether the classifi-
cation is meaningfully related to intervention. For LD, a
classification should also predict a variety of differences
on cognitive skills, behavioral attributes, and achieve-
ment variables not used to form the classification,
developmental course, response to intervention (RT),
neurobiological variables, or prognosis (Fletcher, Lyon,
etal., 2002).

To address these issues, we consider the reliability
and validity of four approaches to the classification and
assessment of LD: (a) IQ discrepancy and other forms
of aptitude—achievement discrepancy, (b) low achieve-
ment, (¢) intra-individual differences, and (d) models
incorporating RTI and some form of curriculum-based
measurement. We consider how each classification re-
flects the historically prominent concept of “unex-
pected underachievement” as the key construct in LD
assessment (Lyon et al., 2001), that is, what many early
observers characterized as a group of children unable
to master academic skills despite the absence of known
causes of poor achievement (sensory disorder, mental
retardation, emotional disturbances, economic disad-
vantages, inadequate instruction). From this perspec-
tive, a valid classification and measurcment system for
LD must identify a unique group of underachievers
that is clearly differentiated from groups with other
forms of underachievement.

Defining LD

Historically, definition and classification issues
have haunted the field of LD. As reviewed in Lyon et
al. (2001), most early conceptalizations viewed LD
simply as a form of “unexpected” underachievement.
The primary approach to assessment involved the iden-
tification of intra-individual variability as a marker for
the unexpeciedness of LD, along with the exclusion of
other causes of underachievement that would be ex-
pected to produce underachievement. This type of defi-
nition was explicitly coded into U.S. federal statutes
when LD was identified as an eligibility category for
special education in Public Law 94-142 in 1975; es-
sentially the same definition is part of current U.S. fed-
eral statues in the Individuals with Disabilities Educa-
tion Act (1997).

The U.S. stafutory definition of LD is essentially a
set of concepts that in itself is difficult to operation-
alize. In 1977, recommendations for operationalizing
the federal definition of LD were provided to states af-
ter passage of Public Law 94—142 to help identify chil-
dren in this category of special education (U. 8. Office
of Education, 1977). In these regulations, LD was
defined as a heterogeneous group of seven disorders
(oral language, listening comprehension, basic read-
ing, reading comprehension, math calculations, math
reasoning, written language) with a common marker of
intra-individual variability represented by a discrep-
ancy between IQ and achievement (i.e., unexpected
underachievement). Unexpectedness was also indi-
cated by maintaining the exclusionary criterta present
in the statutory definition that presumably lead to ex-
pected underachievement. Other parts of the regula-
tions emphasize the need to ensure that the child’s edu-
cational program provided adequate opportunity to
learn. No recommendations were made concerning the
assessment of psychological processes, most likely be-
cause it was not clear that reliable methods existed
for assessing processing skills and because the field
was not clear on what processes should be assessed
(Reschly, Hosp, & Smied, 2003).

This approach to definition is now widely imple-
mented with substantial variability across schools, dis-
tricts, and states in which students are served in special
education as LD (MacMillan & Siperstein, 2002; Mer-
cer, Jordan, Allsop, & Mercer, 1996; Reschly et al.,
2003). It is also the basis for assessments of LD outside
of schools. Consider, for example, the definition of read-
ing disorders in the Diagnostic and Statistical Manual
of Mental Disorders (4th ed.; American Psychiatric As-
sociation, 1994), which indicates that the student must
perform below levels expected for age and 1Q), and spec-
ifies only sensory disorders as exclusionary:

A. Reading achievement, as measured by individ-
ually administered standardized tests of read-
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ing accuracy or comprehension, is substan-

tially below that expected given the person’s .

chronological age, measured intelligence, and
age-appropriate education.

B. The disturbance in Criterion A significantly in-
terferes with academic achievement or activi-
ties of daily living that require reading skills.

C. If a sensory deficit is present, the reading diffi-
culties are in excess of those usually associated
with it.

The International Classification of Diseases—10 has
a similar definition. It differs largely in being more spe-
cific in requiring use of a regression-adjusted discrep-
ancy, specifying cut points (achievement two standard
errors below 1Q) for identifying a child with LD, and
expanding the range of exclusions,

Although these definitions are used in what are of-
ten disparate realms of practice, they lead to similar ap-
proaches to the identification of children and adoles-
cents as LD. Across these realms, children commonly
receive 1Q and achievement tests. The Q) test is com-
monly interpreted as an aptitude measure or index
against which achievement is compared. Different
achievement tests are used because LD may affect
achievement in reading, math, or written language. The
heterogeneity is recognized explicitly in the U.S. statu-
tory and regulatory definitions of LD (Individuals With
Disabilities Education Act, 1997) and in the psychi-
atric classifications by the provision of separate defini-
tions for each academic domain. However, it is still
essentially the same definition applied in different do-
mains. In many settings, this basic assessment is sup-
plemented with tests of processing skills derived from
multiple perspectives (neuropsychology, information
processing, and theories of LD). The approach boils
down to administration of a battery of tests to identify
LD, presumably with treatment implications.

Underlying Classification Hypotheses

Implicit in all these definitions are slight variations
on a classification model of individuals with LD as
those who show a measurabie discrepancy in some but
not all domains of skill development and who are not
identified into another subgroup of poor achievers. In
some instances, the discrepancy is quantified with two
tests in an aptitude—achievement model epitomized by
the 1Q-discrepancy approach in the U.S. federal regu-
latory definition and the psychiatric classifications of
the Diagnostic and Staristical Manual of Mental Dis-
orders (4th ed.; American Psychiatric Association,
1994) and the International Classification of Dis-
eases—10. Here the classification model implicitly stip-
ulates that those who meet an [Q-discrepancy
inclusionary criterion are different in meaningful ways
from those who are underachievers and do not meet the
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discrepancy criteria or criteria for one of the excly-
sionary conditions. Some have argued that this model
lacks validity and propose that LD is synonymous with
underachievement, so that it should be identified solely
by achievement tests (Siegel, 1992), often with some
exclusionary criteria to help ensure that the achieve-
ment problem is unexpected, Thus, the contrast is re-
ally between a two-test aptitude—achievement discrep-
ancy and a one-test chronological age-achievement
discrepancy with achievement low relative to age-
based (or grade-based) expectations. If processing
measures are added, the model becomes a multitest
discrepancy model. Identification of a child as LD in
all three of these models is typically based on assess-
ment at a single point in time, so we refer to them as
“status” models. Finally, RTI models emphasize the
“adequate opportunity to learn” exclusionary criterion
by assessing the child’s response to different instruc-
tional efforts over time with frequent brief assess-
ments, that is, 2 “change” model. The child who is LD
becomes one who demonstrates intractability in learn-
ing characteristics by not responding adequately to in-
struction that is effective with most other students,

Dimensional Nature of LD

Each of these four models can be evaluated for reli-
ability and validity. Unexpected underachievement, a
concept critically important to the validity of the under-
lying construct of LD, can also be examined. The reli-
ability issues are similar across the first three models
and stem from the dimensional nature of LD. Most pop-
ulation-based studies have shown that reading and math
skills are normally distributed (Jorm, Share, Matthews,
& Matthews, 1986; Lewis, Hitch, & Walker, 1994;
Rodgers, 1983; Shalev, Auerbach, Manor, & Gross-
Tsur, 2000; Shaywitz, Escobar, Shaywitz, Fletcher, &
Makuch, 1992; Silva, McGee, & Williams, 1985).
These findings are buttressed by behavioral genetic
studies, which are not consistent with the presence of
qualitatively different characteristics associated with
the heritability of reading and math disorders (Fisher &
DeFries, 2002; Gilger, 2002). As dimensional traits that
exist on a continuum, there would be no expectation of
natural cut points that differentiate individuals with LD
from those who are underachievers but not identified as
LD (Shaywitz et al., 1992).

The unobservable nature of LD makes two-test
and one-test discrepancy models unreliable in ways
that are psychometrically predictable but not in ways
that simply equate LD with poor achievement (Fran-
cis et al., 2005; Stuebing et al., 2002). The problem is
that the measurement approach is based on a static
assessment model that possesses insufficient informa-
tion about the underlying construct to allow for reli-
able classifications of individuals along what is es-
sentially an unobservable dimension. If LD was a
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manifest concept that was directly observable in the
behavior of affected individuals, or if there were nat-
ural discontinuities that represented a qualitative
breakpoint in the distribution of achievement skills or
the cognitive skills on which achievement depends,
this problem would be less of an obstacle. However,
like achievement or intelligence, LD is a latent con-
struct that must be inferred from the pattern of perfor-
mance on directly observable operationalizations of
other latent constructs (namely, test scores that index
constructs like reading achievement, phonological
awareness, aptitude, and so on). The more informa-
tion available to support the inference of LD, the
more reliable (and valid) that inference becomes, thus
supporting the fine-grained distinctions necessitated
by two-test and one-test discrepancy models. To the
extent that the latent construct, LD, is categorical, by
which we mean that the construct indexes different
classes of learners (i.e., children who learn differ-
ently) as opposed to simply different levels of
achievement, then systems of identification that rely
on one measurable variable lack sufficient informa-
tion to identify the latent classes and assign individu-
als to those classes without placing additional,
untestable, and unsupportable constraints on the sys-
tem. It is simply not possible to use a single mean
and standard deviation and to estimate separate
means and standard deviations for two (or more)
unobservable latent classes of individuals and deter-
mine the percentage of individuals falling into each
class, let alone to classify specific individuals into
those classes. Without constraints, such as specifying
the magnitude of differences in the means of the la-
tent classes, the ratio of standard deviations, and the
odds of membership in the two (or more) classes, the
system is under-identified, which simply means that
there are many different solutions that cannot be dis-
tinguished from one another.

When the system is under-identified, the only sclu-
tionis toexpand the measurement systemto increase the
number of observed relations, which in one sense is
whatintra-individual difference models attempt by add-
ing assessments of processing skills. Other criteria are
necessary because it is impossible to uniquely identify a
distinct subgroup of underachieving individuals consis-
tent with the construct of LD when identification is
based on a single assessment al a single time point.
Adding external criteria, such as an aptitude measure or
multiple assessments of processing skills, increases the
dimensionality of the measurement system and makes
latent classification more feasible, even when the other
criteria are themselves imperfect. But the main issues
for one-test, two-test, and multitest identification mod-
els involve the reliability of the underlying classifica-
tions and whether they identify a unique subgroup ofun-
derachievers. In the next section, we examine variations
in reliability and validity for each of these models, fo-

cusing on the importance of reliability, as the validity of
the classifications can be no stronger than their reliability.

Models Based on Two-Test
Discrepancies

Although the IQ-discrepancy model is the most
widely utilized approach to identifying LD, there are
many different ways to operationalize the model. For
example, some implementations are based on a com-
posite 1Q) score, whereas others utilize either a verbal
or nonverbal IQ score. Other approaches drop [Q as the
aptitude measure and use 2 measure such as listening
comprehension. In the validity section, we discuss
each of these approaches. The reliability issues are
similar for each example of an aptitude~achievement
discrepancy.

Reliability

Specific reliability problems for two-test discrep-
ancy models pertain to any comparison of two corre-
lated assessments that involve the determination of a
child’s performance relative to a cut point on a continu-
ous distribution. Discrepancy involves the calculation
of a difference score (D) to estimate the true difference
(A) between two latent constructs. Thus, discussions
about discrepancy must distinguish between problems
with the manifest (i.e., observed) difference (D) as an
index of the true difference (A} but also must consider
whether the true difference (A) reflects the construct of
interest. Problems with the reliability of D based on
differences between two tests are well known, albeit
not in the LD context {Bereiter, 1967). However, there
is nothing that fundamentally limits the applicability of
this research to LD if we are willing to accept a notion
of A as a marker for LD. There are major problems
with this assumption that are reviewed in Francis et al.
(2005). The most significant is regression to the mean.
On average, regression to the mean indicates that
scores that are above the mean will be lower when the
test is repeated or when a second correlated test is used
to compute D, In this example, individuals who have
IQ scores above the mean will obtain achievement test
scares that, on average, will be lower than the [Q test
score because the achievement score will move toward
the mean. The opposite is true for individuals with 1Q
scores below the mean. This leads to the paradox of
children with achievement scores that exceed IQ, or the
identification of low-achieving, higher IQ children
with achievement above the average range as LD.

Although adjusting for the correlation of IQ and
achievernent helps correct for regression effects (Rey-
nolds, 1984-1985), unreliability also stems from the
attempt (o assess a person’s standing relative to a cut
point on a continuous distribution. As discussed in the

509




FLETCHER, FRANCIS, MORRIS, LYON

following section on low achievement models, this
problem makes identification with a single test—even
one with small amounts of measurement error—poten-
tially unreliable, a problem for any status model.
None of this discussion addresses the validity ques-
tion concerning A. Specifically, does A embody LD as
we would want to conceptualize it (e.g., as unexpected
underachievement), or is A merely a convenient con-
ceptualization of LD because it is a conceptualization
that leads directly to easily implemented, operational
definitions, however flawed they might be?

Validity

The validity of the IQ-discrepancy model has been
extensively studied. Two independent meta-analyses
have shown that effect sizes on measures of achieve-
ment and cognitive functions are in the negligible to
small range (at best) for the comparison of groups
formed on the basis of discrepancies between IQ and
reading achievement versus poor readers without an IQ
discrepancy (Hoskyn & Swanson, 2000; Stuebing et
al., 2002), findings similar to studies not included in
these meta-analyses (Stanovich & Siegel, 1994). Other
validity studies have not found that discrepant and
nondiscrepant poor readers differ in long-term prog-
nosis (Francis, Shaywitz, Stuebing, Shaywitz, & Flet-
cher, 1996; Silva et al., 1985), response to instruction
(Fletcher, Lyon, ct al,, 2002; Jiménez et al., 2003:
Stage, Abbott, Jenkins, & Berninger, 2003; Vellutino,
Scanlon, & Jaccard, 2003), or neuroimaging correlates
(Lyon et al., 2003; but also see Shaywitz et al., 2003,
which shows differences in groups varying in 1Q but
not IQ discrepancy). Studies of genetic variability
show negligible to small differences related to IQ-dis-
crepancy models that may reflect regression to the
mean (Pennington, Gilger, Olson, & DeFries, 1992;
Wadsworth, Olson, Pennington, & DeFries, 2000).
Sirntlar empirical evidence has been reported for LD in
math and language (Fletcher, Lyon, et al, 2002;
Mazzocco & Myers, 2003). This is not surprising given
that the problems are inherent in the underlying
psychometric model and have little to do with the spe-
cific measures involved in the model except to the ex-
tent that specific test reliabilities and intertest correla-
tions enter into the equations.

Despite the evidence of weak validity for the practice
of differentiating discrepant and nondiscrepant stu-
dents, alternatives based on discrepancy models con-
tinue to be proposed, and psychologists outside of
schools commonly implement this flawed model. How-
ever, given the reliability problems inherent in IQ dis-
crepancy models, it is not surprising that these other at-
tempts to operationalize aptitude—achievement
discrepancy have not met with success. In the Stuebing
et al. (2002) meta-analysis, 32 of the 46 major studies
had aclearly defined aptitude measure. Of these studies,
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19 used Full Scale 1, 8 used Verbal IQ, 4 used Perfor-
mance IQ, and 1 study used a discrepancy of listening
comprehension and reading comprehension. Not sur-
prisingly, these different discrepancy models did not
yield results that were different from those when a com-
posite IQ measure was utilized. Neither Fletcher et al.
(1994} nor Aaron, Kuchta, and Grapenthin (1988) were
able to demonstrate major differences between discrep-
ant and low achievement groups formed on the basis of
listening comprehension and reading comprehension.

The differences in these models involve slight
changes in who is identified as discrepant or low
achieving depending on the cut point and the correla-
tion of the aptitude and achievement measures. The
changes simply reflect fluctuations around the cut
point where children are most similar. It is not surpris-
ing that effect sizes comparing poor achievers with and
without IQ discrepancies are uniformly low across
these different models. Current practices based on this
approach to identification of LD epitomized by the
federal regulatory definition and psychiatric classifica-
tions are fundamentally flawed.

One-Test (Low Achievement) Models

Reliability

The measurement problems that emerge when a
specific cut point is used for identification purposes af-
fect any psychometric approach to LD identification,
These problems are more significant when the test
score is not criterion referenced, or when the score dis-
tributions have been smoothed to create a normal uni-
variate distribution. To reiterate, the presence of a natu-
ral breakpoint in the score distribution, typically
observed in multimodal distributions, would make it
simple to validate cut points. But natural breaks are not
usually apparent in achievement distributions because
reading and math achievement distributions are nor-
mal. Thus, LD is essentially a dimensional trait, or a
variation on normal development.

Regardless of normality, measurement error attends
any psychometric procedure and affects cut points in a
normal distribution (Shepard, 1980). Because of mea-
surement error, any cut point set on the observed distri-
bution will lead to instability in the identification of
class members because observed test scores will fluc-
tuate around the cut point with repeated testing or use
of an alternative measure of the same construct (e.g.,
two reading tests). This fluctuation is nat just a prob-
lem of correlated tests or simply a matter of setting
better cut scores or developing better tests. Rather, no
single observed test score can capture perfectly a stu-
dent’s ability on an imperfectly measured latent vari-
able. The fluctuation in identifications will vary across
different tests, depending in part on the measurement
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error. In both real and simulated data sets, fluctuations
in up to 35% of cases are found when a single test is
used to identify a cut point. Similar problems are ap-
parent if a two-test discrepancy model is used (Francis
et al., 2005; Shaywitz et al., 1992},

This problem is less of an issue for research, which
rarely hinges on the identification of individual chil-
dren. Thus, it does not have great impact on the validity
of a low achievement classification because, on aver-
age, children around the cut point who may be fluctuat-
ing in and out of the class of interest with repeated test-
ing are not very different. However, the problems for
an individual child who is being considered for special
education placement or a psychiatric diagnosis are ob-
vious. A positive identification in either example often
CaITies a poor Prognasis.

Validity

Models based on the use of achievement markers
can be shown to have a great deal of validity (see
Fletcher, Lyon, et al., 2002; Fletcher, Morris, & Lyon,
2003; Siegel, 1992). In this respect, if groups are
formed such that the participants do not meet criteria
for mental retardation and have achievement scores
that are below the 25th percentile, a variety of compari-
sons show that subgroups of underachievers emerge
that can be validly differentiated on external variables
and help demonstrate the viability of the construct of
LD. For example, if children with reading and math
disabilities identified in this manner are compared to
typical achievers, it is possible to show that these three
groups display different cognitive correlates. In addi-
tion, neurobiological studies show that these groups
differ both in the neural correlates of reading and math
performance as well as the heritability of reading and
math disorders (Lyon et al., 2003). These achievement
subgroups, which by definition include children who
meet either low achievement or IQ-discrepancy crite-
ria, even differ in RTI, providing strong evidence for
“aptitude by treatment” interactions; math interven-
tions provided for children with reading problems are
demonstrably ineffective, and vice versa.

Despite this evidence for validity, concerns emerge
about definitions based solely on achievement cut
points. Simply utilizing a low achievement definition,
even when different exclusionary criteria are applied,
does not operationalize the true meaning of unexpected
underachievement. Although such an approach to
identification is deceptively simple, it is arguable
whether the subgroups that remain represent a unique
group of underachievers. For example, how well are
underachievers whose low performance is attributed to
LD differentiated from underachievers whose low per-
formance is attributed to emotional disturbance, eco-
nomic disadvantage, or inadequate instruction (Lyon et
al,, 2001)? To use the example of word recognition,

there is little evidence that these subgroups vary in
terms of phonological awareness or other language
tasks, RTI, or even neuroimaging correlates. In this re-
spect, the validity is weak because the underlying con-
struct of LD is not adequately assessed. Additional cri-
teria are needed, but simply adding a single aptitude
measure decreases reliability and does not add to the
validity of a low achievement definition.

Meaodels Based on Intra-Individual
Differences

A commenly proposed alternative to models based
on aptitude—achievement discrepancies or low achieve-
ment involves an examination of individual differences
on measures of cognitive function. Thus, for example,
a recent consensus article from 10 major advocacy
groups organized by the National Center for Learning
Disabilities (2002) stated that “while 1Q tests do not
measure or predict a student’s response to instruction,
measures of neuropsychological functioning and infor-
mation processing could be included in evaluation pro-
tocols in ways that document the areas of strength and
vulnerability needed to make informed decisions about
eligibility for services, or more importantly, what ser-
vices are needed. An essential characteristic of LD is
failure to achieve at a level of expected performance
based upon the student’s other abilities™ (p. 4).

This statement proposes intra-individual differ-
ences as a marker for unexpected underachievement.
As opposed to a single marker such as IQ discrepancy
or low achievement, unexpectedness is operationalized
as unevenness in scores across multiple tests. The per-
son identified as LD (by definition) has strengths in
many areas of cognitive or neuropsychological func-
tion but weaknesses in core attributes that lead to
underachieverment. The LD is unexpected because the
weaknesses lead to selected and narrow difficulties
with achievement and adaptive functions. Proponents
of this view believe that such approaches identify chil-
dren as LD based on profiles across tests that differen-
tiate types of LD and also differentiate LD from other
childhood disorders, such as mental retardation and be-
havioral disorders such as attention deficit hyperactiv-
ity disorder (ADHD). This approach leads to defini-
tions based on inclusionary criteria in which children
are identified as LD based on characteristics that relate
to intra-individual differences {Lyon et al., 2001).

Reliability

In essence, the intra-individual difference mode)
employs a multitest discrepancy approach and carries
with it the problems involved with estimation of dis-
crepancies and cut points. These problems are inherent
in any attempt to identify a person as LD (Fletcher et
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al., 2003). However, examining patterns of test scores
has long been favored by clinical neuropsychologists,
largely because it seems to correspond more closely
with clinical practice and because it adds information
to the decision-making process (see the elegant discus-
sion of differential test scores, discrepancies, and pro-
files in Rourke, 1975). The unique reliability issue in-
volves the idea that LD is represented by unevenness in
test profiles. This may be true, but does this observa-
tion mean that children with flatter profiles are not LD?
Severity is correlated with the shape of a profile due to
the lack of independence of different tests that might
be used to construct the profile (Morris, Fletcher, &
Francis, 1993). Children with increasingly severe read-
ing problems, for example, will show increasingly flat
profiles across processing measures (e.g., phonologi-
cal awareness, rapid naming, and vocabulary) in direct
correspondence to severity because all these measures
are moderately correlated. Thus, if the inclusionary
criterion for the presence of LD is evidence of a dis-
crepancy in neuropsychological or processing skills,
such an approach may exclude the most severely im-
paired children, irrespective of global measures such as
IQ, because more severely impaired children are less
likely to show skill discrepancies due to the inter-
correlation of the tests (Morris et al,, 1993, 1998),

Validity

A major assumption of a multitest intra-individual
differences model is that identification based on per-
formance patterns will lead to enhanced treatment of
children with LD. It is commonly assumed that such
tests point out areas that need intervention. However,
there is little evidence that strengths and weaknesses in
processing skills are related to intervention outcomes.
It is well established that training in underlying pro-
cesses does not usually generalize into the related aca-
demic area (Lyon & Moats, 1988; Reschly, Tilly, &
Grimes, 1999; Vellutino, 1979). For example, training
on phonological awareness skills without explicit
transfer to a leiter component produces gains in phono-
logical awareness but not in reading (National Reading
Panel, 2000). Training in auditory or visual perceptual
skills does not lead o better ocutcomes for children
identified as “auditory” or “visnal” learners (Lyon,
Fletcher, Fuchs, & Chhabra, in press; Vellutino,
Fletcher, Scanlon, & Snowling, 2004).

There is support for the idea that intra-individual
differences identify some children as LD, epitomized
by the link of dyslexia with word recognition and pho-
nological processing (Vellutino et al., 2004), Even here
the intra-individual differences model focuses on skills
that are only correlated with the achievement domain.
Simply identifying children with LD based solely on
processing skills is questionable and would likely yield
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many false positive identifications of children as LD
without achievement difficulties (Torgesen, 2002). The
reliability of many processing measures is lower than
those associated with the achievement (or 1Q) domain,
so such false positives should be expected. Other than
the word recognition—phonological processing link,
relations of processing and other forms of LD are not
well established (Torgesen, 2002). Finally, what do we
learn about variability in processing skills that is not
apparent in profiles across achievement domains
(Fletcher et al., 2003)? In fact, the model has the most
validity at the level of achievement markers but simply
collapses into a low achievement model in the absence
of processing measures. Thus, if we accept the notion
that specific discrepancies in cognitive domains are a
unique marker for LD, given that the processing mea-
sures are usually linked to an achievement domain,
what is unique about variations in processing skills that
is not apparent in variations in achievement domains?
Would we eliminate as LD students who have difficul-
ties in reading, math, and writing? This is not viable, as
impairments in all domains often occur in non-mentally
retarded children with language-based difficulties.

Models Incorporating RTI

An alternative approach to status models that would
increase the reliability of these would increase the
number of time points whereby a child was assessed.
Shepard (1980), for example, proposed that IQ dis-
crepancies could be assessed more reliably if a child
was tested four times. The impracticality of such an ap-
proach, which would require about 10 to 12 hr per
child, is obvious, not to mention that even more re-
sources would be devoted to determination of eligibility,
taking away funds and time needed for intervention.

Another approach to increasing the number of time
points would involve much shorter assessments of key
achievement skills over time. These approaches, or
RTI models, typically involve identification practices
based in part on multiple short assessment probes of
knowledge and performance in a specific academic do-
main, such as reading or math (Fuchs & Fuchs, 1998).
By linking multiple assessments to specific attempts to
intervene with the child, the construct of unexpected
underachievement can be operationalized, in part, on
the basis of nonresponsiveness to instruction to which
most other students respond (Gresham, 2002). In fact,
this is still a variation of a discrepancy model, but the
advantage is that the model is better identified because
of multiple short assessments of a key attribute (e.g.,
reading, math) over time.

Such models have been proposed in several recent
consensus reports that address LD identification
(Bradley, Danielson, & Hallahan, 2002; President’s
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Commission on Excellence in Special Education,
2002), most notably in a recent report of the National
Research Council {Donavon & Cross, 2002). These re-
ports suggest that one criterion for LD identification is
when a student does not respond to high-quality in-
struction and intervention. The implementation of this
approach requires frequent monitering of progress as
the student receives the intervention (Fuchs & Fuchs,
1998). Speece and Case (2001) found that serial as-
sessments of growth and level of performance in read-
ing fluency predicted reading problems in at-risk chil-
dren better than a single assessment of fluency. This
approach is anchored in a system known as curricu-
lum-based measurement, where the assessments them-
selves have adequate reliability and are constantly im-
proving (Fuchs & Fuchs, 1999, Shinn, 1998),

Reliabhility

Are RTI approaches that involve multiple assess-
ments over time psychometrically more reliable than
traditional approaches to LD identification? An ap-
proach based on muitiple measures over time has the
potential to reduce the difficulties encountered with re-
liance on a single assessment at a single time point.
Certainly the reliability of the multiple assessment ap-
proach is greater than if the single assessment is used to
form a discrepancy, because typically the discrepancy
will be a poorer (i.e., less reliable) measure of the true
difference than the observed measures of their respec-
tive underlying constructs. Focusing on successive
measurements over time has the effect of moving the
identification process from “ability—ability” compari-
sons (two different abilities compared at one point in
time) to “ability change” models (same ability aver
time). Such approaches have the potential to amelio-
rate the difficulties associated with ability—ability dis-
crepancies, whether univariate or bivariate, because
they involve the use of more than two assessment time
points. Generally, the more information that is brought
to bear on any eligibility or diagnostic decision, the
more reliable the decision, although it is certainly pos-
sible to create counterexamples by combining infor-
mation from irrelevant or confounding sources. Such
irrelevancies are not likely to be introduced by assess-
ing the same skill over time as in a model that ingorpo-
rates RTI, when that skill was previously deemed rele-
vant to assess at a single time point,

Conceptually, the study of change is made more fea-
sible by the collection of multiple assessments because
the precision by which change can be measured im-
proves as the number of time points increases (Rogosa,
1995). When more than two assessment time points are
collected, the reliability of estimated change can also be
estimated directly from the data, and the imprecision in-
herent in individual estimates can be used to provide im-

proved estimates of growth parameters for individual
studentsas well as for groups of students. If change isnot
linear, the use of four or more time points can map the
form of growth. And for those who favor status models
over change or learning models, it remains possible to
use the intercept term in the individual growth model as
an estimate of status. This intercept provides amore pre-
cise estimate of true status at any single point in time
than would any single assessment.

These approaches are not without difficulty. The in-
troduction of serial assessments has not eliminated the
necessity of indirect estimation of the parameters of in-
terest. In the discrepancy model, D is used to estimate
A. A model incorporating RTI uses a complex function
of the observed data for individual i as well as the data
from many other individuals to estimate each of the 1t;;,
the j true learning parameters for individual /. Different
approaches to this estimation problem have varying
strengths and weaknesses but all will make assump-
tions about the arithmetic form of the model, the distri-
bution of the learning parameters, and the distributions
of the errors. The ramifications of these assumptions
for inferences about individual learning parameters
must be studied in the LD context.

Models based on RTI also involve imperfect mea-
sures that include measurement error (Fletcher et al.,
2003). However, this problem is reduced because of
the use of multiple assessments and the borrowing of
precision from the entire collection of data to provide a
more precise estimate of the growth parameters of each
individual. Thus, it becomes possible to estimate a
child’s “true” status more precisely as well as to esti-
mate the rate of skill acquisition and to use these esti-
mates as indicators of LD. In addition, this approach to
estimation makes assumnptions about the distribution of
errors of measurement. In some cases, errors might be
assumed to be uncorrelated. Again, this assumption
must be examined in terms of its importance to infer-
ences about individual status and rates of learning. In
many cases, the inclusion of multiple assessment time
points will allow this assumption to be relaxed, and the
correlation among errors of measurement can be esti-
mated and taken into account in forming inferences
about individual status and rates of learning,

There still could be a need to identify individual
children as LD based on cut points unless the entire
process devolves to clinical judgment. Models that in-
clude RTI do not solve the issue of the dimensicnal ver-
sus categorical nature of LD. Determining cut points
and benchmarks, for example, will continue to be an
arbitrary process until cut points are linked to func-
ticnal outcomes (Cisek, 2001), an issue never really
addressed in LD identification for any identification
model. However, models that include RTI have the
promise of incorporating functional outcomes because
they are tied to intervention response.
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Validity

The introduction of serial assessments has an ad-
vantage beyond any statistical advantage it may confer
for the estimation of individual’s true status. Specific-

ally, the introduction of serial assessments brings

learning and the measurement of change to the fore-
front in conceptualizations of LD. The collection of se-
rial assessments under specified conditions of effective
instruction simultaneously focuses the definition of
LD on a failure to learn, where learning can be mea-
sured more directly. Moreover, the specific instruc-
tional elements and the conditions under which they
are implemented can be described, thereby providing a
clearer basis for the expectation of learning and the un-
expectedness of any failure to learn. Finally, focusing
on multiple assessments in a RTI model has the advan-
tage of clearly tying the identification process to the
most important component of the construct of LD,
which is unexpected underachievement. Models that
incorporate RTI may identify a unigue group of chil-
dren that can be clearly differentiated from other low
achievers in terms of cognitive correlates, prognosis,
and even neurobiological factors.

Studies of children defined using different methods
as responders and nonresponders clearly show signifi-
cant differences in cognitive skills. For example, Stage
et al. (2003), Vellutino et al. (2003}, and Vaughn,
Linan-Thompson, and Hickman-Davis (2003) found
that nonresponders to early intervention differed from
responders in both preintervention achievement scores
and preintervention cognitive tasks. Nonresponders
typically had more severe deficits in both reading-re-
lated factors (e.g., phonemic awareness, fluency) and
reading skills. [n recent imaging studies involving both
early intervention and remediation of older students
(see Fletcher, Simos, Papanicolaou, & Denton, 2004),
we likewise found that individuals who were non-
responders showed more severe reading difficulties
prior to intervention. More dramatic were the differ-
ences in neuroimaging correlates between those who
responded to intervention and those who did not. We
have found that nonresponders persist with a brain acti-
vation pattern that generally demonstrates a failure to
activate left hemisphere areas known to be involved in
the development of reading skills. In fact, those who
were nonresponders showed predominant right-hemi-
sphere activity much like that observed in children and
adults with identified reading disabilities (Fletcher et
al., 2004).

Implications for Clinical Assessments

This review of classification models may seem re-
moved from the question of how to conduct clinical as-
sessments of children suspected of LD. In fact, when a
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psychologist conducts any assessment for LD, the se-
lection of tests reflects the underlying classification
model and the constructs it specifies. If the psycholo-
gist or educator adopts an aptitude-achievement dis-
crepancy model, the primary tools will be the tests used
to operationalize aptitude (e.g., IQ) and achievement.
If the clinician adopts a low achievement model, apti-
tude will not be measured—just achievement. An intra-
individual differences model will require neuropsycho-
logical or cognitive processing measures. If a model is
used that incorporates RTI, assessments of the integrity
of the implementation of the intervention and progress
mOonitoring assessments are necessary.

In evaluating models, we found little evidence that
supports the aptitude—achievement and intra-individ-
ual difference models. Both involve the assessment of
cognitive processes that do not contribute to the identi-
fication of a unique group of underachievers with LD
and have serious reliability problems. The low achieve-
ment model has more reliability and validity but does
not identify a unique group of underachievers. RTI cri-
teria may permit identification of a unique group of un-
derachievers but by themselves are not sufficient for
identification of LD. Combining the strengths of the
low achievement and RTI models leads to a hybrid
model that invokes concepts of low achievement and
RTIL. This model can be expanded to incorporate as-
sessment of contextual factors and other disorders that
should be evaluated because of the need for differential
treatment (Fletcher, Foorman, et al., 2002).

Learning disorders attributable to mental retarda-
tion, sensory problems (blindness, deafness), language
status (e.g., English as a second language), or transient
factors (adjustment difficulties, disruption of the home
or school environment) should not be identified as LD,
We have not included economic disadvantage, comor-
bid emotional and behavior disorders, or established
neurological disorders as exclusionary criteria and
would stipulate that the only way to exclude LD} in chil-
dren with these associated conditions is to provide an
intervention that is appropriate and evaluate RTI. A
classification of LD may exclude children with emo-
tional or neurological disorders, or those who are eco-
nomically disadvantaged from the LD category be-
cause of policy or resource issues—all are eligible for
special education—but children with these associated
conditions have forms of underachievement that are
difficult to distinguish from those in children with LD,
In the end, LD should be identified only after adequate
opportunity to learn has been systematically evaluated.
Those who do not respond to intervention need more
specialized, individualized, and intensive treatments,
as well as the probable conferment of disability status
and the civil rights protections that come with identifi-
cation. It is the intractability as indicated by an inade-
quate response to quality instruction that must be pres-
ent to identify a child as LD. If a child responds, LD is
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not indicated. Any child who has achievement dif-
ficulties should receive intervention, whether it is tu-
toring with support by a college student or intensive
intervention by an experienced, well-frained academic
therapist.

This model is quite different from the one that child
clinical and other psychologists have utilized for the
past few decades, and some may respond by suggesting
that this model can only be implemented in schools. In
fact, we argue that in the absence of an evalvation of
RTI, LD should not be identified in any setting—
school, clinic, hospital, and so on. We conceptualize
traditional clinical evaluations as an opportunity to
identify children as “at risk” for LD and to intervene
with any child who is struggling to achieve, In schools,
screening for reading problems can be done on a
large-scale basis in kindergarten and Grade 1 as advo-
cated in Donovan and Cross (2002) and implemented
in states such as Texas (Fletcher, Foorman, et al.,
2002). Those who are identified as at-risk have their
progress monitored and receive increasingly intense,
multitiered interventions that may eventuate in identi-
fication for special education in LD (Vaughn & Fuchs,
2003). In a multitiered intervention approach, children
are screened for risk characteristics, such as weak-
nesses in letter-sound knowledge and phonological
awareness in kindergarten and word reading in Grade
1, with immediate monitoring of progress (Torgesen,
2002). Depending on the rate of progress, interventions
are intensified and modified in an effort to accelerate
the rate of development of an academic skill. Children
are not identified with disabilities until the final tier of
the process.

Evaluations outside of schools should utilize a simi-
lar approach based on measurement of the three com-
ponents of the hybrid model proposed by the consen-
sus group in Bradley et al. (2002): (a) low achievement,
{b) RTI, and (c) consideration of contextual factors and
exclusions. Any psychotogical evaluation of a child or
adolescent should consider the relevant achievement
constructs (see following section) that represent the
different types of LD. If there is evidence of low
achievement, the focus should not be on extensive as-
sessments of processing skills but on referral to an ap-
propriate source for intervention. The psychologist
should expect to have a working relationship with the
intervention source so that RTI will be measured. This
means that clinical child psychologists must be knowl-
edgeable about educational interventions and prepared
to develop a treatment plan that incorporates this form
of intervention, just as they may be prepared to work
with a physician around medication for problems with
attention or anxiety. It is perfectly reasonable to ask the
child to return every 4 to 6 months to repeat achieve-
ment tests and independently evaluate progress in con-
junction with more frequent assessments of progress
obtained by the intervention source.

The psychologist should also evaluate for other prob-
lems that may be associated with low achievement to
adequately plan treatment. If mental retardation is sus-
pected, IQ, adaptive behavior, and related assessments
consistent with this classification can be administered.
But note that if the child or adolescent has achievemnent
scores in reading comprehension or math that are with-
in two standard deviations of the mean (consistent with
traditional legal definitions of mental retardation), or
development of adaptive behavior obviously inconsis-
tent with mental retardation, assessment of IQ is not
necessary as such levels of performance preclude men-
tal retardation. Some children may have oral language
disorders that require speech and language interven-
tion that will require referral and additional evaluation.

' Screening with vocabulary measures and through in-

teracting with the child will help identify these chil-
dren; the vocabulary screen will also help identify chil-
dren who may benefit from additional intellectual screen-
ing, Many children with achievement difficulties or
LD also have comorbid difficulties with attention and
both internalizing and externalizing psychopathology.
These disorders need to be assessed and treated, as
simply referring a child for educational intervention
without addressing comorbidities will surely increase
the probability of a poor RTI. We believe that no clini-
cal evaluation of a child should be conducted without a
documentation of achievement levels through direct
assessment or school report of such an assessment.
If achievement deficits are apparent, intervention of
some sort should be provided. It is not likely that treat-
ing a child for a comorbid disorder, such as ADHD,
will result in improved levels of achievement in the ab-
sence of educational intervention.

Altogether, we are suggesting that from the per-
spective of LD, psychologists should perform assess-
ments for emotional and behavioral disorders consis-
tent with other articles in this special section. For LD,
they need to administer achievement tests and evaluate
RTI. This is regardless of subdiscipline (e.g., school
psychologist, child clinical psychologist, neuropsy-
chologist) or setting. To evaluate achievement, indi-
vidualized norm-referenced assessments should be
conducted, RTI requires assessments of intervention
integrity and monitoring of progress.

Evaluating Achievement

Identifying specific achievement tests is not diffi-
cult, although tests for some domains are better devel-
oped than others. Lyon et al. (2003) suggested that LD
represented six major achievement types, including (a)
word recognition; (b) reading fluency; (c) reading
comprehension; (d) mathematics computations; (e)
reading and math, which is not really a comorbid asso-
ciation but a more severe reading problem with distinet
math difficulties; and (f) written expression, which
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could involve spelling, handwriting, or text generation.
These patterns were drawn from the research literature
(e.g., Rourke & Finlayson, 1978; Siegel & Ryan, 1988;
Stothard & Hulme, 1996), but an extensive discussion
of the evidence for these types is beyond the scope of
this article (see Lyon et al., 2003). The assessment im-
plications are straightforward. Many children and ado-
lescents will have difficulties in more than one domain,
so a thorough assessment of academic achievemnent is
very important.

A set of achievement tests should be used. Tt is help-
ful to use tests from the same battery because the nor-
mative group is the same, which facilitates compari-
sons across tests. However, the battery from which
these tests are chosen is less important than the con-
structs that are measured. Any single battery has
strengths and weaknesses that can be supplemented
with measures from other assessments. Given the sug-
gestion that six types of LD may exist, the important
constructs are word recognition, reading fluency, read-
ing comprehension, math computations, and written
expression. We usually assess spelling as a screen for
written expression and handwriting difficulties and
miath and writing fluency as supplemental assessments.

Table 1 outlines these constructs and how they
can be assessed with the commonly used Woodcock—
Johnson Achievement Battery-III (WJ; Woodcock,
McGrew, & Mather, 2001) or the Wechsler Individual
Achievement Test-I1 (WIAT; Wechsler, 2001). We use
the WJI and WIAT because they meet established crite-
ria for reliability (internal consistency and test—retest)
and validity (construct and concurrent) and were devel-
oped to account for variations in ethnicity and socio-
economic status, In particular, the normative sampling
100k into account this type of variation, and analyses
(differential item functioning) were conducted to iden-
tify items that were not comparable across these sourc-
es of normative variation. There are also other notm-
referenced assessments that can be used to supplement
the WJ or WIAT, which we discuss later, Few of these
supplemental measures have been developed with the

care of the WJ or the WIAT, particularly with regard to
the adequacy of the normative base and attempts to ad-
dress different forms of normative variation.

Table 1 should not be taken to indicate that there are
11 different types of LD, one for each test. To reiterate,
many children have problerns in multiple domains. The
pattern of academic strengths and weaknesses is an im-
portant consideration (Fletcher, Foorman, et al., 2002;
Rourke, 1975). Table 1 identifies constructs and core
tests that would be administered to every child and sup-
plemental tests that would be used if there were con-
cerns about a particular academic domain. If the re-
ferral indicated concerns about a particular area,
additional tests from other measures would be used.,
Most children with significant academic problems
where LD may eventually be a coticern have difficulty
with word recognition and consequently tend to have
problems across domains of reading. Going beyond the
core tests is usually not necessary if the child has prob-
lems with word recognition. Isolated problems with
reading comprehension and written expression occur
infrequently. If the problem is specifically math, using
assessments in addition to the WJ or WIAT is helpful in
ensuring that the deficiency is not just a matter of atten-
tion difficulties,

An advantage of the WJ and WIAT is the assess-
ment of word recognition for both real words and
pseudowords, the latter permitting an assessment of
the child’s ability to apply phonics rules to sound out
words. Most achievement batteries assess recognition
of real words, which is the essential component, These
measures tend to be highly intercorrelated across dif-
ferent assessment batteries, including the Wide Range
Achievement Test—III (Wilkinson, 1993), and the Ac-
curacy measure from the Gray Oral Reading Test—
Fourth Edition (Wiederholt & Bryant, 2001 3

The W1 also has a silent reading speed subtest that,
in our assessments, is highly correlated with other flu-
ency measures despite the fact that it is not simply oral
reading speed, requiring the child to answer some
questions while reading a series of passages for 3 min.

Table 1. Achievement Constructs in Relarion to Subtests From the WJ and the WIAT

Construct W] Subtest WIAT Subtest
Core Tests
Word Recognition Word Identification Word Reading

Word Attack
Reading Fluency —
Passage Comprehension

Reading Fluency
Reading Comprehension

Pseudoword Decoding

Reading Comprehension®

Math Computations Calculation Numerical Operations

Written Expression Spelling Spelling
Supplemental Tests

Math Fluency Math Fluency —

Writing Fluency Writing Fluency —

Math Concepts Quantitative Concepts —

Written Expression Writing Samples Written Expression®

#Also assesses fluency
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The WIAT permits assessment of reading speed during
silent-reading comprehension. Both assessments are
easily supplemented with the Test of Word Reading Ef-
ficiency (Torgesen, Wagner, & Raschotte 1999), which
involves oral reading of real words and pseudowords
on a list. The Test of Reading Fluency (Deno & Mar-
ston, 2001) is an option that requires text reading. Both
measures are quick and efficient, and the former was
designed with item analyses addressing differential
item responses across ethnic groups. Whenever text is
read out loud, fluency can be assessed as words read
correctly per minute. The Gray Oral Reading Test—
Fourth Edition includes a score for fluency of oral text
reading.

Reading comprehension can only be screened with
the WJ Passage Comprehension subtests which is a
cloze-based assessment in which the child reads a
sentence or passage and fills in a blank with a miss-
ing word. The Reading Vocabulary subtest is used to
create a reading comprehension composite, but it
places such a premium on decoding that we usually
do not administer it. The WIAT also does not demand
much reading of text. Some children who struggle to
comprehend text in the classroom do not have diffi-
culties on these subtests because the level of com-
plexity rarely parallels what children are expected to
read on an everyday basis. Supplemental assessments
using the Group Reading Assessment and Diagnostic
Education (Williams, Cassidy, & Samuels, 2001), the
Gray Oral Reading Test-Fourth Edition, or even cne
of the well-constructed reading comprehension as-
sessments from the group-based Stanford Achieve-
ment Test—1Gth Edition (Harcourt Assessment, 2002),
Iowa Test of Basic Skills (Hoover, Hieronymous,
Frisbie, & Dunbar, 2001), or similar instrument is es-
sential. Often children have had these assessments in
school, and it is useful to review results as part of the
overall evaluation.

Reading comprehension is a difficult construct to
assess (Francis, Fletcher, Catts, & Tomblin, in press).
In evalvating comprehension skills, the assessor
should attend to the nature of the material the child is
asked to read and the resporise format. Reading com-
prehension tests vary in what the child reads (sen-
tences, paragraphs, pages), the response format (cloze,
open-ended questions, muijtiple-choice, think aloud),
memory demands (answering questions with and with-
out the text available), and how deeper aspects of
meaning are evaluated (understanding of the essential
meaning vs, literal understanding, vocabulary knowl-
edge and elaboration, ability to infer or predict). It may
be difficult to determine the source of the child’s diffi-
culties based on a single measure. Thus, if the issue is
comprehension and the source is not in the child’s
word recognition or fluency skills, multiple measures
that assess reading comprehension in different ways
are needed.

For math, the Calculations subtest of the WJ and
Numerical Operations subtest of the WIAT are pa-
per-and-pencil tests of math computations (Table 1).
Low scores on this type of task predict variation in cog-
nitive skills depending on other academic strengths -
and weaknesses (Rourke, 1993). However, low scores
could reflect problems with fact retrieval and verbal
working memory if word recognition is comparably
lower, as opposed to problems with procedural knowl-
edge if word recognition is significantly higher and not
deficient. Deficient scores can also reflect problems
paying attention, especially in children with ADHD.
The math computations subtests from the Wide Range
Achievement Test-III is also frequently used and is
useful because it is timed and the problems are less or-
ganized, The key is the paper-and-pencil assessment of
math computations, which is how difficulties in math
are typically manifested in children who do not have
reading problems. As in reading, assessments of fiu-
ency are helpful, although there is no evidence sugges-
tive of a math fluency disorder. In Table 1, the WJ Math
Fluency subtest is identified as a supplemental mea-
sure, representing a timed assessment of single-digit
arithmetic facts that may be helpful for identifying
children who lack speed in basic arithmetic skills. Such
difficulties make it difficult to master more advanced
aspects of mathematics. If an assessment of math con-
cepts is needed, which we would do only if math was
an overriding concern, the Quantitative Concepts sub-
test of the W1 is more useful thar the WJ Applied Prob-
lems or WIAT Math Reasoning subtests, which intro-
duce word problems that are difficult for children with
reading difficulties.

Written expression is most difficult to assess, partly
because it is not clear what constitutes a disorder of
written expression—spelling, handwriting, or text gen-
eration (Lyon et al., 2003). Obviously problems with
the first two components will constrain text generation.
Spelling should be assessed as it may represent the pri-
mary source of difficulty with written expression for
children, especially if they also have word-recognition

_ difficulties. The analysis of spelling errors {(Rourke,

Fisk, & Strang, 1986) can be informative in under-
standing whether the problem is with the phonological
component of language or with the visual form of let-
ters (i.e., orthography). Spelling also permits an infor-
mal assessment of handwriting.

Table 1 identifies WJ and WIAT measures of writ-
ten expression. The utility of these measures is not well
established, and the significant generation of text in
terms of construction and writing of passages and sto-
ries is not really required. As with reading comprehen-
sion, it may be important to supplement or even replace
this assessment with a test such as the Thematic Matu-
rity subtest of the Test of Written Language (Hammill
& Larsen, 1998). Measuring fluency with a measure
such as the WJ Writing Fluency subtest may also be
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useful. As in ralding and math, fluency of writing pre-
dicts the guality of composition.

From this type of assessment, characteristic pat-
terns emerge that will demarcate the classification and
indicate a need for specific kinds of intervention. For
each of the six types of LD, there are interventions with
evidence of efficacy that should be utilized in or out of
aschool setting {Lyon etal., in press). The goal is not to
diagnose LD, which is not feasible in a one-shot evalu-
ation for the psychometric and conceptual reasons out-
lined previously, but to identify achievement difficul-
ties that can be addressed through intervention. If the
assessor is knowledgeable about these patterns, very
specific intervention recommendations, as well as the
need for other assessments, can be made.

Table 2 summarizes achievement patterns that are
well established in research (Fletcher, Foorman, et al.,
2002; Lyon et al., 2003). Intervention should be con-
sidered for any child who performs below the 25th per-
centile on a well-established assessment, with an un-
derstanding that these are not firm cut points and
should be evaluated across all the measures. We are not
indicating that 25% of all children have a LD, only that
scores below the 25th percentile are commonly associ-
ated with low performance in school, assuming the cut
point is reliably attained. In examining Table 2, the de-
cision rules should not be rigidly applied and are sim-
ply guidelines to assist clinicians. Identifying LD is al-
ways based on factors beyond just the test scores. The
decision process should focus on what is needed for in-
tervention, which requires an assessment of contextual

variables and the presence of comorbid disorders that
influence decisions about what sort of plan will be
most effective for an individual child. Low achieve-
ment is related to many contextual variables, which is
why the flexibility in special education guidelines al-
lows interdisciplinary teams to base decisions on fac-
tors that go beyond test scores. The purpose of assess-
ment is ultimately to develop an intervention plan.

Evaluating Response to Instruction

Once a child is screened or tested for achievement
deficits, progress should be monitored if a problem is
identified. It is astonishing that U.S. special education
guidelines do not require at least yearly readminis-
tration of the achievement tests that were used to justify
the placement as one method of assessing the efficacy of
the intervention plan. If a child is responding to inter-
vention, his or her rate of development should be accel-
erated relative to the normative population (i.e., the
achievement gap is closed), As part of this assessment of
RTI, progress should be monitored on a frequent basis if
the problem is with word recognition or fluency, math
computations, or spelling. Reading comprehension and
higher forms of written expression will show less rapid
change and progress, as monitoring tools for these types
of problems have not been adequately developed.

Most of the tests mentioned here have alternative
forms. But some have been developed to permit as-
sessments with even more frequency and are referred
to “curriculum-based assessments” (Fuchs & Fuchs,

Table 2. Eight Achievement Patterns Associated With Intervention

1. Decoding and Spelling < 90; Arithmetic one half standard deviation higher than word recognition and spelling and at least 90, Thisis a
pattern characterized by problems with single word decoding skills and better arithmetic ability. Reading comprehension will vary
depending on how it is assessed but is usually impaired. Children with this pattern have significant phonologlcal language problems and

strengths in spatial and motor skills (Rourke & Finlayson, 1978).

2. Arithmetic < 90, Decoding and Spelling > 90 and at least 7 points higher. Children with difficulties that only involve math show this
pattern, which is associated with problems with motor and spatial skills, problem-solving deficiencies, and disorganization (Rourke &
Finlayson, 1978). Tt usually represents problems with math procedures as opposed to math facts (Lyon et al., 2003).

3. Decoding, Comprehension, Spelling, and Arithmetic < 90. This pattern represents a problem with word recognition characterized by
language and working memory problems more severe than in children with poor decoding and better development of math skills (Rourke
& Finlayson, 1978). The math problem involves learning and retrieving math facts (Lyon et al., 2003).

4. Spelling and Arithmetic < 90, Decoding > 90 and 7 points higher. Essentially the same pattern as Number 3 except the motor (and writing)

component is more severe.

5. Reading Comprehension < 90 and 7 points below decoding. This pattern often reflects long-term oral language disorder. Problems with
receptive language, short-term memory, and attention are apparent, with strengths in phonological language skills (Stothard & Hulme,

1996).

6. Decoding skills 7 points lower than Comprehension skills and < 90, This pattem reflects a phonological language problem with usually
better than average semantic language and spatial skills (Stothard & Hulme, 1996). The pattern is not apparent for reading comprehension

measures that are timed or require significant amounts of text reading.

7. Reading Fluency < 90 and < Decoding by one half standard deviation will reflect a problem where accuracy of word reading is less of a

problem than antomaticity of word reading (Lyon et al., 2003).

8. Speiling < 90. This pattern reflects (&) motor deficits in a young child or {b) residuals of earlier phonological language problems that have
been remediated or compensated in older children and adults. The pattern is common in adults with a history of word recognition

difficulties. Fluency is often impaired.

Note: The patterns are based on relations of reading decoding, reading fluency, reading comprehension, spelling, and arithmetic. It is assumed
that any score below the 25th percentile (standard score = 90) is impaired and that a difference of one half standard deviations is important (+ 7
standard score points). The patterns should be comsidered prototypes and the rules loosely appiied (adapted from Fletcher, Foorman,
Boudousquie, Barnes, Schatschneider, & Francis, 2002}. These patterns are not related to IQ scores.
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1999). Such measures are often used by the intervener
(e.g., teacher) to document how well a child is respond-
ing to instruction. Typically a child would read a short
reading passage appropriate for grade level (or do a set
of math computations) for 2 t0 3 min. The number of
words (or math problems) correctly read (or computed)
would be graphed over time and compared against
grade-level benchmarks, representing a criterion-refer-
enced form of assessment. A child may be screened
with these measures, and those performing below the
benchmark may be candidates for intervention, espe-
cially in schools.

Such assessments should also be accompanied by
observations of the integrity of the implementation of
the intervention, including the amount of time spent on
supplemental instruction, especially if the child does
not appear to be making progress. School psycholo-
gists are often well prepared in this area of assessment.
Although a psychologist operating outside of a school
may not be in a position to do curriculum-based assess-
ments or to personally evaluate the intervention, such
assessments should be expected, especially if the refer-
ral is to a private academic therapist.

A variety of methods have been developed, and the
assessments with the most widespread utilization are
the Monitoring Basic Skiils Progress (Fuchs, Hamlett,
& Fuchs, 1990), which assesses reading, math, and
spelling fluency, and the Dynamic Indicators of Basic
Early Reading Skills (Good, Simmons, & Kame’enui,
2001}, a battery of different reading fluency measures.
Some of these tools are focused primarily.on the Jower.
grades, but the norm-referenced assessments of flu-
ency identified previously—especially if they have
alternative forms—can be used with older students,.
These measures meet accepted psychometric criteria
for reliability and validity. The curriculum-based as-
sessment measures have not been assessed as formally
for differential item functioning but have been widely
employed with school populations that are quite di-
verse (Fuchs & Fuchs, 1999; Shinn, 1998).

Conclusions

Based on our evaluation of models, we propose a hy-
brid model that incorporates features of low achieve-
ment and RTI models for the identification of children as
LD. We specifically do not find evidence to support ex-
tensive assessments of cognitive, neuropsychological,
or intellectual skills to identify children as LD. Al-
though some may view this model as only for schools,
wereject the ideathat the routine evaluations done in the
past by psychologists and educators outside of school
settings are useful for LD, We find little value in the idea
of evaluating achild in a single assessment and conclud-
ing that the child has LD based on an IQ-achievement
discrepancy, low achievement, or profiles on neuropsy-

chological tests, largely because such assessments are
not directly related to treatment and the diagnosis itself
is not reliable. As soon as it is apparent that the child
has an achievement problem, a referral for intervention
should be made and the resources that might be spent on
diagnosis should be spent on intervention. Children
should not be diagnosed as LD until a proper attempt at
instruction has been made. Assessment of achievement
skills should be a routine part of any psychological eval-
uation of a child and cannot be seen as the province of
just the schools. Serial monitoring of RTI and the integ-
rity of instruction should be completed before children
are identified as L. There are issues involved in the in-
tervention component, estimation of slope and intercept
effects, as well as decisions that have to be made about
cut points that will differentiate responders and non-
responders {Gresharn, 2002). For these reasons alone,
RTI cannot be the sole criterion for identification, and
flexibility in decision making is required. At the same
time, there appears to be considerable validity to this
approach, implying that it is indeed possible to reliab-
ly identify nonresponders as a group with unexpected
underachievement,

In addition to the evidence for validity (and the
greater reliability of the underlying psychometric
madel), the model does not require the use of exclu-
sionary criteria (especially emotional disturbance and
economic disadvantage) to operationalize unexpected
underachievement, thus capturing the construct of LD.
This is an important consideration given the lack of ev-
idence validating classifications that utilize these par-
ticular exclusions (Kavale, 1988; Lyon et al., 2001).
The model does operationalize the concept of opportu-
nity to learn, which is rarely directly assessed as part of
LD identification. It is also a model that can only be
implemented in an instructional setting, such as a
school, or in clinical settings outside of public schools
where remediation is utilized, such as an academic
therapy setting. But it is not consistent with the tradi-
tional approach to L.D identification based on a single
administration of a test battery and consideration of a
diagnosis, which we believe is an outmoded model that
detracts from intervention. In the absence of an attempt
to systematically instruct the child, LD cannot be “di-
agnesed,” obviating the traditional “test and treat”
model, as identifying LD must be the end product of an
attempt to instruct the child (i.e., “treat and test”). This
is not a post hoc approach but rather an argument that
in the absence of the opportunity to learn exclusion, the
concept of LD has no basis in evidence, and low
achievement per se is not adequate evidence for LD.
Such an approach ties the concept of LD to treatment,
which is important. It may be that a single assessment
may indicate “risk” or even an achievement disorder.
But such an assessment cannot indicate a “disability”
in the absence of functional criteria that would include
opportunity to learn.
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A final comment involves what some will see as
equating LD with measurable deficits on achievement
tests. Some will argue that the mere presence of a defi-
cit on a measure of processing skills means that person
should be identified by LD, in part because of the beliaf
that such deficits indicate a brain anomaly. The most
common example is the linking of “executive func-
tion” deficits with LD, We argue that the concept of LD
is empty without a focus on achievement, largely be-
cause it becomes more difficult to identify a unique
subgroup representing LD that would be different from
other classes of childhood disorders. Executive func-
tions, for exampile, are often linked to ADHD, but ¢las-
sifications of ADHD based on executive function defi-
cits as assessed by cognitive tests do not have much
validity (Barkley, 1997). Moreover, executive function
deficits characterize many childhood populations.

More fundamentally, consider an overarching clas-
sification of childhood learning and behavioral diff-
iculties. For LD, achievement deficits represent
markers for the underlying classification. What distin-
guishes the LD prototype from, for example, a behav-
ioral disorder such as ADHD is the presence of an
achievement deficit. If a child with ADHD has an
achievement deficit, it is usually reflective of 2 comor-
bid association (Fletcher, Shaywitz, & Shaywitz,
1999). If we expand our classification to mental retar-
dation, the key for differentiating mental retardation
from LD (or ADHD) is not just the intelligence test
score. Rather, the major difference is in adaptive be-
havior, where mental retardation should reflect a per-
vasive deficit in adaptive behavior and LD as a rela-
tively narrow deficit (Bradley et al., 2002). So a
classification of these three major disorders requires
markers for achievemnent, attention-related behaviors,
and adaptive behavior. In the absence of these types of
markers, and a focus on classification, all children with
problems are simply disordered and there is no need
for assessment because they would all require the same
interventions. When LD is tied to levels and patterns of
achievement, an evidence base for differential inter-
ventions focused on learning in specific academic do-
mains emerges. This is the strongest evidence for the
validity of the concept of LD, its classification, and the
source of evidence-based approaches to assessment
and identification.

References

Aaron, P. G., Kuchta, S., & Grapenthin, C. T. (1988). Is there a thing
called dyslexia? Annais of Dyslexia, 38, 33-49.

American Psychiatric Association. {1994). Diagnostic and statisti-
cal manual of menta! disorders (dth ed.). Washington, DC:
Author.

Barkley, R. A. (1997). ADHD and the nature of self-control, New
York: Guilford.

520

Bereiter, C. (1967). Some persisting dilemmas in the measurement of

change. In C. W. Harris (Ed.), Problems in the measurement of
" change. Madison: University of Wisconsin Press.

Bradley, R., Danielson, L., & Hallahan, D. P. (Eds.). (2002). Identifi-
cation of learning disabilities: Research to practice. Mahwah,
NJ: Lawrence Erlbaum Associates, Inc.

Christensen, C. A. (1992). Discrepancy definitions of reading dis-
ability: Has the quest led us astray? Reading Research Quar-
terly, 27, 276-278.

Cisek, G. J. (2001). Conjectures on the rise and call of standard set-
ting: An introduction to context and practice. In G. ). Cisek
(Ed.), Setting performance standards: Concepts, methods, and
perspectives (pp. 3-18). Mahwah, NJ: Lawrence Erlbaum As-
sociates, Inc.

Dene, $. L., & Marston, D. (2001). Test of Oral Reading Fluency.
Minneapolis: Educators Testing Service.

Donavon, M. 8., & Cross, C. T. (2002). Minority students in special
and gifted education. Washington, DC: National Academy
Press.

Fisher, S. E., & DeFries, 1. C. (2002). Developmental dyslexia: Ge-
netic dissection of 2 complex cognitive trait. Narure: Review of
Neuroscience, 16, T67-780.

Fletcher, J. M., Foorman, B. R., Boudousquie, A. B., Barnes, M. A_,
Schatschneider, C., & Francis, D. I. (2002). Assessment of
reading and learning disabilities: A research-based, inter-
vention-criented approach. Journal of School Psychology, 40,
27-63.

Fletcher, J. M., Francis, D. I, Rourke, B. P, Shaywitz, B. A, &
Shaywitz, S. E. {1993). Classification of learning disabilities:
Relationships with other childhood disorders. [n G. R. Lyon, D,
Gray, ). Kavanagh, & N. Krasnegor (Eds.), Berrer understand-
ing learning disabilities (pp. 27-55). New York: Brookes.

Fletcher, J. M., Lyon, G. R., Barmes, M. Stuebing, K. K., Francis, D.
1., Qlson, R, et al. (2002). Classification of learning disabili-
ties: An evidence-based evaluation. In R. Bradley, L. Daniel-
son, & D. P. Hallahan (Eds.), Identification of learning disa-
bilities: Research to practice (pp. 185~250). Mahwah, NI:
Lawrence Erlbaumt Associates, Inc.

Fletcher, J. M., Morris, R. D., & Lyon, G. R. (2003). Classification
and definition of learning disabilities: An integrative perspec-
tive. In H. L. Swanson, K. R. Harris, & S. Graham. Handbook of
learning disabilities (pp. 30-36). New York: Guilford.

Fletcher, J. M., Shaywitz, S. E., Shankweiler, D. P, Katz, L.,
Liberman, I. Y., Stuebing, K. K., et al. (1994). Cognitive pro-
files of reading disability: Comparisons of discrepancy and low
achievemnent definitions. Journal of Educational Psychology,
85, 1-18.

Flewher, J. M., Shaywitz, 8. E., & Shaywitz, B. A. {1999).
Comorbidity of learning and attention disorders: Separate but
equal. Pediatric Clinics of North America, 46, 885-897.

Fletcher, J. M., Simos, P. G., Papanicolacu, A. C., & Denton, C.
(2004}, Neuroimaging in reading research. In N. K, Duke & M.
H. Mallette (Eds.), Literacy research methods (pp. 252-286).
New Yerk: Guilford.

Franeis, D. J., Fletcher, J. M., Catts, H., & Tomblin, B. (in press). Di-
mensjons affecting the assessment of reading comprehension.
In S. G. Paris & S. A. Staht (Eds.), Current {ssues in reading
comprehension and assessment. Mahwah, NJ: Lawrence Erl-
baum Associate, Inc.

Francis, D. )., Fletcher, I. M., Stuebing, K. K., Lyon, G. R.,
Shaywitz, B. A., & Shaywitz, §. E. (2005). Psychometric ap-
proaches to the identification of learning disabilities: IQ and
achievement scores are not sufficient. Journal of Learning Dis-
abilities, 38, 98-108.

Francis, D. I., Shaywitz, 8. E., Stuebing, K. K., Shaywitz, B, A, &
Fletcher, I. M. (1996). Developmental lag versus deficit models
of reading disability: A longitudinal, individual growth curves
analysis. Journai of Educational Psychology, 88, 3-17.




ASSESSMENT OF LD

Fuchs, L., & Fuchs, D. (1998). Treatment validity: A simplifying
concept for reconceptualizing the identification of learning dis-
abilities. Leaming Disabilities Research and Practice, 4,
204-219.

Fuchs, L., & Fuchs, D. (1999). Monitoring student progress toward
the development of reading competence: A rteview of three
forms of classroom-based assessment, The School Psychology
Review, 28, 659-671.

Fuchs, L. 8., Hamlet, C. L., & Fuchs, D. (1990). Monitoring basic
skills progress. Austin, TX: PRO-ED.

Gilger, J. W. (2002). Current issues in the peurology and genetics of
leamning-related traits and disorders: Introduction to the special
issue. Journal of Learning Disabilities, 34, 490491,

Good, R. H., Simmons, D. C,, & Kame’enui, E. J. (2001). The im-
portance and deciston-making utility of a continuum of flu-
ency-based indicators of foundational reading skills for third-
grade high-stakes outcomes. Sciensific Smudies of Reading, 5,
257-288.

Gresham, E. M. (2002). Responsiveness to intervention: An alterna-
tive approach to the identification of learning disabilities. In R.
Bradley, L. Danielson, & D. P. Hallahan (Eds.), identification of
learning disabilities: Research to practice (pp. 467-564). Mah-
wal, NJ: Lawrence Erlbzum Associates, Inc.

Hammill, D. D., & Larsen, 8. C. (1996). Test of Written Language.
Austin, TX: PRO-ED.

Harcourt Assessment. (2002). Stanford Achievement Test (10th ed.).
New York: Author.

Hoover, A. N., Hieronymous, A. N, Frishie, D. A., & Dunbar, S. B.
(2001). fowa Test of Basic Skill. ltasca, IL: Riverside.

Hoskyn, M., & Swanson, H. L (2000). Cognitive processing of low
achievers and children with reading disabilities; A selective
meta-analytic review of the published literature. The School
Psychology Review, 29, 102-119.

Individuals With Disabilities Education Act, 20 U. 8. C. 1400 et seq.
Stat. 34 C. F. R. 300 (1997).

Jiménez, J. E., del Rosario Ontiz, M., Rodrigo, M., Herndndez-Valle,
1., Ramirez, G., Estévez, A., etal. (2003). Do the effects of com-
puter-assisted practice differ for children with reading disabili-
ties with and without IQ-achievement discrepancy? Journal of
Learning Disabilities, 36, 34-47.

Jorm, A. F, Share, D. L., Matthews, M., & Matthews, R. (1986).
Cognitive factors at school entry predictive of specific reading
retardation and general reading backwardness: A research note.
Journal of Child Psychology, 27, 45-54.

Kavale, K. A. (1988). Learning disability and cultural disadvantage:
The case far a relationship. Learning Disability Quarterly, 11,
195-210.

Lewis, C., Hitch, G. J., & Walker, P. (1994}, The prevalence of spe-
cific arithmetic difficulties and specific reading difficulties in 9-
to 10-year-0ld boys and girls. Journal of Child Psychology Psy-
chiatry, 35, 283-292.

Lyon, G. R,, Fletcher, 1, M., & Barnes, M. C. (2003). Leaming dis-
abilities. In E. J. Mash & R. A, Barkley (Eds.), Child psy-
chopathology (2nd ed.., pp. 520-586). New York: Guilford.

Lyon, G. R., Fletcher, . M., Fuchs, L., & Chhabra, V. (in press).
Treatment of learning disabilities. In E. Mash & R. Barkley
(Eds.), Treatment of childhood disorders. New York: Guilford.

Lyon, G. R., Fletcher, . M., Shaywitz, S. E., Shaywitz, B. A,
Torgesen, J. K., Wood, E B., et al. (2001). Rethinking learning
disabilities. In C. E. Finn, Jr, R. A. 1. Rotherham, & C. R.
Hokanson, Jr. (Eds.), Rethinking special education for a new
century {pp. 259-287). Washington, DC: Thomas B. Fordham
Foundation and Progressive Policy Institute.

Lyon, G. R., & Moats, L. C. (1988). Critical issues in the instruction
of the learning disabled. Journal of Consulting and Clinical
Psychology, 56, 830-835.

MacMillan, D. L., & Siperstein, G. N. (2002). Learning disabilities
as operationally defined by schools. In R. Bradley, L. Daniel-

son, & D. P. Hallahan (Eds.), Identification of learming disa-
bilities: Research to practice {pp. 287-368). Mahwah, NI:
Lawrence Erlbaum Associates, Inc.

Mazzocco, M. M. M., & Myers, G. F. (2003). Complexities in identi-
fying and defining mathematics learning disability in the pri-
mary school age years. Annals of Dyslexia, 53, 218~253.

Mercer, C. D., fordan, L., Allsop, D. H., & Mercer, A. R. (1996). Learn-
ing disabilities definitions and criteria used by state education de-
partments. Learning Disability Quarterly, 19, 217-232,

Morris, R., & Fletcher, J. M. (1988). Classification inneuropsychology:
A theoretical framework and research paradigm. Journal of Cini-
cal and Experimental Neuropsychology, 10, 640-658.

Morris, R. D., Fletcher, I. M., & Francis, D. I. (1993). Conceptual
and psychometric issues in the neuropsychological assessment
of children; Measurement of ability discrepancy and change. In
I. Rapin & 8, Segalovitz (Eds.), Handbook of neuropsychology
{Vol. 7, pp. 341-352). Amsterdam: Elsevier.

Morris, R. D, Stuebing, K. K., Flercher, . M., Shaywitz, 8. E., Lyon,
G. R., Shankweiler, D. P, et al. {1998). Subtypes of reading dis-
ability: Variability around a phonological core. Journal of Edu-
carional Psychology, 90, 347-373.

National Center for Learning Disabilities. (2002). Achieving berter
outcomes—maintaining rights: An approach to identifying and
serving students with specific learning disabilities, New York:
Author,

National Reading Panel. (2000). Teaching children to read: An evi-
dence-based assessment of the scientific research literature on
reading and its implications for reading instruction. Wash-
ington, DC: National Institute of Child Health and Human
Development.

Pennington, B. F, Gilger, J. W., Olson, R. K., & DeFries, I. C.
{1992). The external validity of age- versus 1Q-discrepancy def-
initions of reading disability: Lessons from a twin study, Jour-
nal of Learning Disabilities. 25, 562=573.

President’s Commission on Excellence in Special Education.
(2002). A new eru: Revitalizing special education for children
and their families. Washington, DC: Department of Education.

Reschly, D.J.,Hosp, J. L., & Stnied, C. M. (2003). And milesto go ...
State SLD requirements and authoritative recommendations.
National Research Center on Learning Disabilites. Retrieved
July 22, 2003, from the World Wide Web: www.arcld.org

Reschly, D. 1., Tilly, W. D., & Grimes, ). P. (1999). Special education
in transition: Functional assessment and noncategorical pro-
gramming. Longmont, CO: Sopris West.

Reynolds, C. (1984-1985). Critical measurement issues in learning
disabilities. Journal of Special Education, 18, 451-476.

Rodgers, B. (1983). The identification and prevalence of specific
reading retardation, British Journal of Educational Psychology,
53, 369-373.

Rogosa, D. (1995}. Myths about longitudinal research (plus supple-
mental questions). In J. M. Gottman (Ed.), The analysis of
change (pp. 3-66). Mahwah, NJ: Lawrence Erlbaum Associ-
ates, Inc.

Rourke, B. P. (1%75). Brain-behavior relationships in children with
leamning disabilities: A research program. American Psycholo-
gist, 30, 911-920,

Rourke, B. P. (1993). Arithmetic disabilities specific or otherwise: A
nueropsychological perspective. Journal of Learning Disabil-
iries, 26, 214-226.

Rourke, B. P, & Finlayson, M. A.J. (1978). Neuropsychological sig-
nificance of variations in patterns of academic performance:
Verbal and visual-spatial abilities. Journal of Pediatric Psy-
chology, 3, 62-66.

Rourke, B. P, Fisk, I., & Strang, I. (1986). Neuropsychological as- ‘
sessment of chitdren. New York: Guilford.

Shalev, R. 5., Auerbach, J., Manor, O., & Gross-Tsur, V. (2000). De-
velopmental dyscalculia: Prevalence and progrosis. Eurepean
Adolescent Psychiatry, 9, 58-64.

521




FLETCHER, FRANCIS, MORRIS, LYON

Shaywitz, 8. E., Escobar, M. D., Shaywitz, B. A., Flercher, . M., &
Makuch, R. (1992), Distribution and temporal stability of dys-
lexia inanepidemiclogical sample of 414 children followed lon-
gitudinally. New England Journal of Medicine, 326, 145-150.

Shaywitz, 5. E., Shaywitz, B. A., Fulbright, R. K., Skudlarski, P,
Mencl, W. E., Constable, R. T., et al, (2003). Neural systems for
¢ompensation and persistence: Young adult outcomes of child-
hood reading disability. Biological Psychiatry, 54, 25-33.

Shepard, L. (1980). An evaluation of the regression discrepancy
method for identifying children with learning disabilities. Jour-
nal of Special Education, 14, 79-91.

Shinn, M. R. (1998). Advanced applications of curriculum-based
measurement. New York: Guilford.

Siegel, L. 8. (1992). An evaluation of the discrepancy definition of
dyslexia. Journal of Learning Disabilities, 25, 618-629.

Siegel, L. §., & Ryan, E. (1988). Working memory in subtypes of
learning disabled children. Journal of Clinical and Experimen-
tal Neuropsychology, 10, 55.

Silva, P. A, McGee, R., & Williams, S. (1985). Some characteristicg
of 9-year-old boys with general reading backwardness or spe-
cific reading retardation. Journal of Child Psychology and Psy-
chiatry, 26, 407-421, .

Speece, D. L., & Case, L. P. (2001). Classification in context; An al-
ternative approach to identify early reading disability, Journa!
of Educational Psychology, 93, 735-749,

Stage, 5. A., Abbott, R. D, Jenkins, 1. R., & Beminger, V. W.(2003).
Predicting response to early reading intervention from verbal
IQ, reading-related language abilities, attention ratings, and
verbal 1Q-word reading discrepancy: Failure to validate dis-
crepancy method. Journal of Learning Disabilities, 36, 24-33.

Stanovich, K. E., & Siegel, L. 5. (1994). Phenotypic performance
profile of children with reading disabilities: A regression-based
test of the phonological-core variable-difference mods). Jour-
nat of Educational Psychology, 86, 24-53.

Stothard, 8. E., & Hulme, C. (1996). A comparison of reading com-
prehension and decoding difficulties in children. In C. Cornoldi
& J. Qakhill (Eds.), Reading comprehension difficulties: Pro-
cesses and intervention (pp. 93—112). Mahwah, NI: Lawrence
Erlbaum Associates, Inc.

Stuebing, K. K., Fletcher, J. M., LeDoux, J. M., Lyon, G. R,
Shaywitz, S. E., & Shaywitz, B. A. (2002). Validity of 1Q-dis-
crepancy classifications of reading disabilities: A meta-analy-
sis. American Educational Research Journal, 39, 469-518.

Torgesen, I. K. (2002). Empirical and theoretical support for direct
diagnosis of leaming disabilities by assessment of intrinsic pro-
cessing weaknesses. In R. Bradley, L. Danielson, & D. Hal-

522

lahan (Eds.), Identification of learning disabilities: Research to
practice (pp. 565-650). Mahwah, NJ; Lawrence Erlbaum. As-
sociates, Inc.

Torgesen, J., Wagner, R., & Raschotte, C. (1999), Test of Word Read-
ing Efficiency. Austin, TX: PRO-ED.

U. §. Office of Education. {1977). Assistance to states for education
for handicapped children. Procedures for evaluating specific
learning disabilities. Federal Register, 42, G1082-G1085,

Vaughn, 5., & Fuchs, L. 5. {2003). Redefining learning disabilities as
inadequate response to instruction. Learning Disabilities Re-
search and Practice, 18, 137-146.

Vaugha, 8. R., Linan-Thompson, S., & Hickman-Davis, P. (2003).
Response to treatment as a means of identifying students with
readingflearning  disabilities. Exceptional Children, 69,
391409,

Vellutino, E. R. (1979). Dyslexia: Theory and research. Cambridge,
MA: MIT Press.

Vellutino, F. R., Fletcher, J. M., Scanlon, D. M., & Snowling, M. J,
{2004). Specific reading disability {dyslexia): What have we
learned in the past four decades? Journal of Child Psychiatry
and Psychology, 45, 2-40,

Vellatino, E R., Scanlon, D. M., & Jaccard, §. (2003). Toward distin-
guishing between cognitive and experiential deficits as primary
sources of difficulty in learning to read: A two year follow-up of
difficult remediate and readily remediate poor readers. In B. R.
Foorman (Ed.), Preventing and remediating reading difficul-
tes: Bringing science to scale (pp. 73—120). Baltimore: York.

Wadsworth, S. 1., Olson, R. K., Pennington, B. F, & DeFrics, J. C.
(2000). Differential genetic etiology of reading disability as a
function of 1Q. Journal of Learning Disabilities, 33, 192-199.

Wechsler, D. (2001). Wechsler Individual Achievement Test (2nd
ed.). San Antonio, TX: Psychological Corporation.

Wiederholt, J. L, & Bryant, B. R. (2001). Gray Oral Reading Test
(4th ed.). Austin, TX: PRO-ED.

Wilkinson, G. (1993). Wide Range Achievement Test—3. Witmington,
DE: Wide Range.

Williams, K. T, Cassidy, J., & Samuels, S. 1. (2001). Group reading
assessment and diagnostic education. Circle Pines, MN: Amer- -
ican Guidance Services.

Woodcock, R. W., McGrew, K. S., & Mather, N. (2001). Wood-
cock-Johnson Hi. [tasca, IL: Riverside.

Received March 4, 2004
Accepted November 10, 2004




Copyright of Journal of Clinical Child & Adolescent Psychology is the property of Lawrence
Erlboum Associates and its content may not be copied or emailed to multiple sites or posted to a

listserv without the copyright holder's express written permission. However, users may print,
download, or email articles for individual use.



SOCIAL BEHAVIOR AND PERSONALITY, 2014, 42(4), 625-634
© Society for Personality Research
hitp:/fdx.dot.org/10.2224/sbp.2014.42.4.625

THE RELATIONSHIPS AMONG STERNBERG’S TRIARCHIC
ABILITIES, GARDNER’S MULTIPLE INTELLIGENCES, AND
- ACADEMIC ACHIEVEMENT

BIRSEN EKINGI
Marmara University

In this study I investigated the relationships among Sternberg’s Triarchic Abilities (STA),
Gardner’s multiple intelligences, and the academic achievement of children attending
primary schools in Istanbul, Turkey. Participants were 172 children (93 boys and 81 girls)
aged between 11 and 12 years. STA Test (STAT) total scores were significantly and positively
related to linguistic, logical-mathematical, and intrapersonal test scores. Analytical ability
scores were significantly positively related to only logical-mathematical test scores, practical
ability scores were only related to intrapersonal test scores, and the STAT subsections were
significantly related to each other. After removing the effect of multiple intelligences, the
partial correlations between mathematics, social science, and foreign language course grades
and creative, practical, analytical, and total STAT scores, were found to be significant for
creative scores and total STAT scores, but nonsignificant for practical scores and analytical
STAT scores.

Keywords: Sternberg’s Triarchic Abilities Test, multiple intelligences, academic achievement,
children, intelligence.

Since 1980 there has been increasing interest in the role of intelligence in
learning and its impact on student achievement. Similarly to education theorists,
many researchers on intelligence have been conducting studies to apply theories
about intelligence, to education in general and, in particular, to the instructional
context of the classroom (Castején, Gilar, & Perez, 2008). The main difference
between contemporary and older approaches to the role of intelligence is that,
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in earlier conceptualizations, intelligence was described as involving one factor
of general mental ability that encompasses the common variance among all the
contributing factors. The existence of this general intelligence factor was originally
hypothesized by Spearman in 1927 and labeled as “g” (see Jensen, 1998). It was
hypothesized that this g factor exists over and above the various abilities that
make up intelligence, including verbal, spatial visualization, numerical reasoning,
mechanical reasoning, and memory (Carroll, 1993). However, according to
contemporary theories, intelligence must be regarded as existing in various forms
and the levels of intelligence can be improved through education. The most
widely accepted comparative theories of intelligences in recent literature are
Gardner’s (1993) multiple intelligences theory and Sternberg’s (1985) triarchic
theory of intelligence. Researchers have reported significant differences between
student outcomes for classroom instruction conducted following the principles
of multiple intelligences, and student outcomes under traditionally designed
courses of instruction in science (Ozdermir, Giineysu, & Tekkaya, 2006}, reading
(Al-Balhan, 2006), and mathematics (Douglas, Burton, & Reese-Durham, 2008).
Gardner (1993) developed a theory of multiple intelligences that comprises
seven distinct areas of skills that each person possesses to different degrees.
Linguistic intelligence (LI) is the capacity to use words effectively, either orally
or in writing. Logical-mathematical intelligence (LMI) is the capacity to use
numbers effectively and to reason well. Spatial intelligence (SI) is the ability to
perceive the visual-spatial world accurately and to interpret these perceptions.
Bodily-kinesthetic intelligence (KI} involves expertise in using one’s body to
express ideas and feelings. Musical intelligence (MI) is the capacity to perceive,
discriminate, and express musical forms. Interpersonal intelligence (INPI) is the
ability to perceive, and make distinctions in, the moods, intentions, motivations,
and feelings of other people. Intrapersonal intelligence (INTI) is self-knowledge
and the ability to act adaptively on the basis of that knowledge. Naturalist
intelligence (NI) is expertise in the recognition and classification of the numerous
species — the flora and fauna — of a person’s environment (Armstrong, 2009).
Researchers have addressed the relationship between multiple intelligences
and metrics of different abilities, and of various psychological constructs. Reid,
Romanoff, Algozzine, and Udall (2000) showed that SI, LI, and LMI were
related to scores in a test to measure the nonverbal abilities of pattern completion,
reasoning by analogy, serial reasoning, and spatial visualization, among a group
of handicapped and nonhandicapped children aged between 5 and 17 years.
Furthermore, the effects of multiple intelligences-based teaching strategies on
students’ academic achievement have been studied extensively (Al-Balhan,
2006; Douglas et al., 2008; Greenhawk, 1997; Mettetal, Jordan, & Harper,
1997; Ozdermir et al., 2006). In addition, some researchers have investigated
the relationship between multiple intelligences and academic achievement
(McMahon, Rose, & Parks, 2004; Snyder, 1999). McMahon and colleagues
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found that, compared with other students, fourth-grade students with higher
scores on LMI were more likely to demonstrate reading comprehension scores
at, or above, grade level. In a similar study, Snyder reported a positive correlation
between high school students’ grade point averages and KI. In the same study
results showed that there was a positive correlation between the total score for
the Metropolitan Achievement Test-Reading developed by the Psychological
Corporation of San Antonio, Texas, USA and the categories of LMI and LI.

Sternberg developed the second well-known intelligence theory. According
to Sternberg (1999a, 1999b), individuals show their intelligence when they
apply the information-processing components of intelligence to cope with
relatively novel tasks and situations. Within this approach to intelligence,
Sternberg (1985) proposed the triarchic theory of intelligence, according to
which there are three different, but interrelated, aspects of intellect: (a) analytic
intelligence, (b) creative intelligence, and (c) practical intelligence. Individuals
highly skilled in analytical intelligence are adept at analytical thinking, which
involves applying the components of thinking to abstract, and often academic,
problems. Individuals who have a high degree of creative intelligence are
skilled at discovering, creating, and inventing ideas and products. People who
have a high level of practical intelligence are good at using, implementing,
and applying ideas and products. Sternberg (1997) developed an instrument,
the Sternberg Triarchic Abilities Test (STAT), to evaluale triarchically based
intelligence. In this instrument each aspect of intelligence is tested through
three modes of presentation of problems: verbal, quantitative, and figural. A
number of previous researchers have established the construct validity of the
STAT (Sternberg, Castején, Prieto, Hautamiki, & Grigorenko, 2001; Sternberg,
Ferrari, Clinkenbeard, & Grigorenko, 1996). Although Sternberg did not intend
the STAT to be a measure of general intelligence, as assessed by conventional
intelligence tests, in related literature (Brody, 2003) there are contradictory
results and opinions on this issue. Sternberg (2000a, 2000b) has claimed that the
STAT 1s independent of measures of general intelligence and a more accurate
predictor of academic achievement. However, Gottfredson (2002) pointed out
that the data obtained to support this claim are sparse and suggested that the
data collected by Sternberg et al. (1996) support the conclusion that the STAT is
related to other measures of intelligence and may, in fact, be a measure of general
intelligence. The triarchic abilities are related to different intelligence tests scores
(e.g., Concept Mastery Test, Watson Glaser Critical Thinking Appraisal, Cattle
Culture-Fait Test of g; Sternberg et al., 1996). However, Brody (2003) suggested
that although these correlations are substantial, it is likely that they underestimate
general intelligence because they were obtained from a sample of high school
students who were predominately categorized as gifted, as determined by IQ
scores, and these students were, therefore, likely to record a restricted range of
scores on the tests.
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In the present study I hypothesized that both multiple intelligences total
scores and STAT total scores would be predictors of academic achievement.
Specifically, I hypothesized that the LT and 1.MI, and the analytical STAT, would
be predictors of student success in the subject areas of mathematics, science,
social science, and foreign- language learning.

Method

Participants

Participants were 174 randomly selected fifth- and sixth-grade students (81
girls and 93 boys) attending primary school in Istanbul, Turkey. Students’ ages
ranged from 11 to 12 years old.

Instruments :

The students completed the Turkish version of Gardner’s Multiple Intelligences
Inventory (MII; Saban, 2002) to assess participants’ preferred intelligence within
one of the eight categories: LI, LMI, SI, MI, KI, INPI, INTL, and NI. The possible
score for the MII ranges from O to 80. The individual category in which a student -
has the highest score is considered to be the type of intelligence in which that
student 1s most skilled. The overall Cronbach’s alpha reliability coefficient in this
study was .96, denoting high reliability; .89 for LI; .83 for LMI; .89 for SI; .88
for MI; .78 for KI; .85 for INPI; .85 for INTT; and .84 for NI.

The second instrument that I used in this study was Sternberg’s Triarchic
Abilities Test (STAT). The test comprises 81 items divided across three
subsections designed to measure analytical, creative, and practical abilities. 1
translated this test into Turkish using the back-translation technique. In order
to ensure that the back-translation retained the meaning of the original form, I
conducted validity and reliability checks. The Turkish and the English versions
of the test were given to 80 bilingual Turkish- and English-speaking students
to complete within two weeks. Analyses of scores for the Turkish and English
versions of test completed by these students yielded high correlation values (.83
for analytical, .79 for practical, and .81 for creative subsections). The overall
alpha reliability coefficient of this test was .89, and for the subsections it was .80
for analytical, .77 for practical, and .78 for creative.

Procedure

The students completed the instruments during class time and in their
classrooms. There was no time limit for completion. Each test session lasted
approximately 60 minutes. The parents of the participating children gave
permission for the researcher to access the students’ grade point average for
mathematics, science, social science, and foreign language courses at the end of
the year during which the study was conducted. Each participant received a pen
and pencil as a thank-you gift for his/her participation in this study.
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Data Analysis
The data were analyzed using SPSS version 15 to conduct correlation analysis
and multiple regression analysis.

Results

As shown in Table 1, the children’s STAT total scores (M = 35.34, SD = 9.09)
were significantly and positively related to LI (M = 28.98; D = 7.59), LMI (M =
30,12, $D = 6.87), and INTI (M = 29.10, SD = 7.15) scores (p < .01). Analytical
subsection STAT scores (M = 13.76, SD = 3.96) were significantly related to LM
intelligence scores (p < .01). STAT practical subsection scores (M = 10.37, §D =
3.06) were significantly correlated only with INTI scores (p < .01).

Table 1. Refationships Among STAT Total Scores, Analytical, Practical, and Creative Ability
Scores, and Multiple Intelligences Scores

LI LMl | MI KI INPI INTI NI
Analytical 303 A13™ -.057 093 036 .021 281 -102
Practical 274 268 .003 A13 041 .095 434 -.109
Creative 291 540%" -.062 103 004 -.049 361" -.098
Total 351% 506" -.051 123 031 .019 4257 -.124

Note. ** p < .01, * p < .05. LI = linguistic intelligence, LMI = logical-mathematical intelligence,
S = spatial intelligence, MI = musical intelligence, KI = bodily-kinesthetic intelligence, INPI =
interpersonal intelligence, INTI = intrapersonal intelligence, NI = naturalist intelligence.

Mathematics course grades (M = 3.78; SD = 1.20) were significantly related
to the STAT total (p < .001) and to the STAT analytical (p < .001), practical
(p <.01), and creative (p < .01) subsections. Similarly, social science (M = 3.78,
SD = 1.10) and science course grades (M = 3.51, SD = 1.40) were significantly
related to the STAT total (p < .01) and to the STAT analytical (p < .01) and creative
(p < .01) subsections. However, foreign language course grades (M = 3.57, SD
= 1.16) were significantly related to all of the subsection scores of the STAT
(p < .001; see Table 2).

Table 2. Relationships Among STAT Total Scores, Analytical, Practical, and Creative Sub-
section Scores, and Academic Success

Mathematics Science Social science  Foreign language
Analytical .536% 395 3047 A547
Practical 461** 264 269 451"
Creative 491* 378 o307 4427
Total 588" 415" 347 527"

Note. " p < 001, ™ p < .01.
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Mathematics grades of the participants were significantly related to LI (p <
01), LMI (p < .01), INPI (p < .05), and INTI (p < .01) scores. Similarly, students’
course grades for science were significantly related to LI (p < .05), LMI (p <
01), and INTI (p < .05) scores; students’ social science course grades were
significantly related to LI (p < .05), LMI (p < .01), and INTI (p < .05) scores;
and students’ course grades for foreign languages were significantly related to LI
(p <.01), LMI (p < .01} and INTI (p < .01) scores (see Table 3).

Table 3. Relationships Between Multipte Intelligences Scores and Academic Success

LI LMI SI MI KI INPI INTI NI
Mathematics A438* 695 080 174 285 356 522* 140
Science o 3407 575 .007 .070 239 312 .379* .085
Social science .359* 598 125 118 217 319 3567 139
Foreign language A84™ 718 211 201 .260 316 A95*F 227

*

Note. ™ p < .01, " p < .05. LI = linguistic intelligence, L.MI = logical-mathematical intelligence,
SI = spatial intelligence, MI = musical intelligence, KI = bodily-kinesthetic intelligence, INPI =
interpersonal intelligence, INTI = intrapersonal intelligence, NI = naturalist intelligence.

Multiple regression analyses were conducted in which the variance caused by
the MII was removed, and partial correlations were computed between course
grades and children’s STAT total and subsection scores. Separate analyses were
conducted for each subject area using first the STAT subsections and then using
Just the STAT total scores. Analyses regarding mathematics course grades yielded
significant partial correlations for the creative subsection score (P, = .44, p <
.01) and for the total STAT score (P, = .62, p < .01), but the partial correlations
were not significant for the analytical (P, = .14) and practical (P, = 05) STAT
scores. Similarly, the regression analyses predicting students’ science course
grades yielded significant partial correlations for STAT total scores (P, = .53,
p < .01) and for the creative subsection score (P, = .42, p < .01), but not for
the analytical (P, = .14) or practical (P, = .06) STAT scores. Additionally, when
I performed the same analyses of social science course grades these yielded
significant partial correlations with STAT total scores (P, = .54, p < .01) and
creative subsection scores (P, = .34, p < .05) but not with analytical (P, = 19) or
creative (P, = .04) STAT scores. Finally, analyses yielded the same pattern for
foreign language course grades and STAT total and subsection scores. Regression
analyses yielded significant partial correlations for practical subsection scores
(P, = .41, p < .02) and for total STAT scores (P, = .61. p < 01). Thus, the total
STAT scores and creative subsection scores significantly predicted academic
achievement in mathematics, science, social science, and foreign language
courses, independent of multiple intelligences scores; however, the analytical
and practical subsection scores did not. Correspondingly, the partial correlations
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between course grade (for mathematics, social science, science, and foreign
language) and the MII subsection scores, with the variation caused by the STAT
removed, were significant only for LMI (P, = .70, p < .01) scores. This finding
indicates that, independent of the STAT, only LMI scores predicted achievement
in any subject area. ' '

Discussion

The results in this study showed that STAT total scores were significantly
related to LI, LMI, and INTI scores. Analytical subsection STAT scores were
significantly related to LMI scores. Practical STAT subsection scores were
significantly correlated only with INTI scores. These results are based on the
partial correlations between multiple intelligences and STAT scores. However, I
limited the scope of this study to the students’ own preferences in regard to their
multiple intelligences. In future studies students’ intelligence types should be
assessed together with the performances of students on related intelligences for
different age groups and different subject areas. In the present study mathematics
course grades were significantly related to STAT total scores and to scores for the
STAT analytical, practical, and creative abilities subsections. Similarly, science,
social science, and foreign language course grades were significantly related to
the LI, LM, and INTI scores of the participants.

Results of multiple regression analyses indicated that total STAT scores
and creative ability scores significantly predicted academic achievement in
mathematics, social science, science, and foreign language learning, independent
of multiple intelligences scores; however, the analytical and practical ability
scores did not. These results are consistent with those reported by Sternberg et
al. (2001), who found that total STAT and creative ability scores significantly
predicted academic achievement. However, contrary to the findings reported
by Sternberg et al., in my study the analytical and practical ability scores did
not relate significantly to academic achievement. On the other hand, Koke and
Vernon (2003) reported that total STAT scores and only practical ability scores
predicted psychology course midterm grades of university students. All these
results might indicate that there may be cultural differences within the dominant
cognitive abilities represented in the national education systems of various
countries.

My results in this study also revealed that the partial correlation between
course grades for all of the subject areas and each of the MII subsection scores,
with the variation caused by the STAT removed, was significant for only the LMI
score. This indicates that, independent of the STAT, only LMI scores predicted
achievement in any subject area. It should also be noted that in this study the
students’ multiple intelligences scores were based on their own preferences for
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the iterns representing various kinds of intelligences. In other words, the multiple
intelligences scores did not indicate the actual performance of the children in
each type of intelligence. I believe that it would be of value for future researchers
to test how well the STAT would predict academic achievement for scores on a
test in which students’ multiple intelligences scores were each taken into account
separately. The relationship between other tests and STAT scores could also be
examined with more heterogeneous sample groups.
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I his chapter opens an extended discussion of intelligence and achievement testing, a topic so

important and immense that we devote the next two chapters to it as well. In order to understand
contemporary cognitive testing, the reader will need to assimilate certain definitions, theories, and
mainstream assessment practices, The goal of Topic 5A
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05#ch05box1) , Theories of
Intelligence and Factor Analysis, is to investigate the various meanings given to the term intelligence and
to discuss how definitions and theories have influenced the structure and content of intelligence tests. An
important justification for this topic is that an understanding of theories of intelligence is crucial for
establishing the construct validity of IQ measures. Furthermore, because the statistical tools of factor
analysis are so vital to many theories of intelligence, we provide a primer of the topic here. In Topic 5B
(http:/ /content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec11#ch05box3) , Individual
Tests of Intelligence and Achievement, we summarize a number of noteworthy approaches to individual
assessment and focus on one important application, the evaluation of learning disabilities. We begin with
a foundational question: How is intelligence defined?

Intelligence is one of the most highly researched topics in psychology. Thousands of research articles are
published each year on the nature and measurement of intelligence. New journals such as Intelligence
and The Journal of Psychoeducational Assessment have flourished in response to the scholarly interest in
this topic. Despite this burgeoning research literature, the definition of intelligence remains elusive,
wrapped in controversy and mystery. In fact, the discussion that follows will illustrate a major paradox of
modern testing: Psychometricians are better at measuring intelligence than conceptualizing it!

Even though defining intelligence has proved to be a frustrating endeavor, there is much to be gaihed by
reviewing historical and contemporary efforts to clarify its meaning. After all, intelligence tests did not
materialize out of thin air. Most tests are grounded in a specific theory of intelligence and most test
developers offer a definition of the construct as a starting point for their endeavors, For these reasons,
we can better understand and evaluate the multifaceted character of contemporary tests if we first
review prominent definitions and theories of intelligence.

https://content.ashford.edu/print/Gregory.8056.17.1 ?sections=ch08§,ch{5lev1seci,ch05levl sec2,ch05lev1sec3,ch05levisecd, ch0Slevisecs,ch05levl ... 2/79
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5.1 DEFINITIONS OF INTELLIGENCE

Before we discuss definitions of intelligence, we need to clarify the nature of definition itself. Sternberg
{1986 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bmo02bib1562) } makes a
distinction between operational and “real” definitions that is important in this context. An operational
definition (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss229) defines
a concept in terms of the way it is measured. Boring (1923
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib179) ) carried this
viewpoint to its extreme when he defined intelligence as “what the tests test” Believe it ot not, this was a
serious proposal, desighed largely to short-circuit rampant and divisive disagreements about the
definition of intelligence.

Operational definitions of intelligence suffer from two dangerous shortcomings (Sternberg, 1986
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1562) ). First, they are
circular. Intelligence tests were invented to measure intelligence, not to define it. The test designers never
intended for their instruments to define intelligence. Second, operational definitions block further
progress in understanding the nature of intelligence, because they foreclose discussion on the adequacy
of theories of intelligence.

This second problem—the potentially stultifying effects of relying on operational definitions of
intelligence—casts doubt on the common practice of affirming the concurrent validity of new tests by
correlating them with old tests. If established tests serve as the principal criterion against which new
tests are assessed, then the new tests will be viewed as valid only to the extent that they correlate with
the cld ones. Such a conservative practice drastically curtails innovation. The operational definition of
intelligence does not allow for the possibility that new tests or conceptions of intelligence may be
superior to the existing ones.

We must conclude, then, that operational definitions of intelligence leave much to be desired. In contrast,
a real definition {http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss272)
is one that seeks to tell us the true nature of the thing being defined (Robinson, 1950; Sternberg, 1986
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1562) ). Perhaps the most
common way—but by no means the only way—of producing real definitions of intelligence is to ask
experts in the field to define it. '

Expert Definitions of Intelligence

Intelligence has been given many real definitions by prominent researchers in the field. In the following,
we list several examples, paraphrased slightly for editorial consistency. The reader will note that many of
these definitions appeared in an early but still influential symposium, “Intelligence and Its Measurement,”
published in the Journal of Educational Psychology (Thorndike, 1921
(http://content.thuzelearning.com/bhooks/Gregory.8055.17.1/sections/bm02#bm02bib1640)} ). Other definitions
stem from a modern update of this early symposium, What Is Intelligence?, edited by Sternberg and
Detterman (1986 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1562) ).
Intelligence has been defined as the following:

s Spearman (1904
{http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1526) , 1923
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1527) }: a general
ability that involves mainly the eduction of relations and correlates.
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* Binetand Simon (1905
(http://content.thuzelearning.com/hooks/Gregory.8055.17.1/sections/bm02#bm02bib160) ): the ability
to judge well, to understand well, to reason well.

* Terman (1916
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1629) ): the
capacity to form concepts and to grasp their significance.

* Pintner (1921
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1303) ): the
ability of the individual to adapt adequately to relatively new situations in life.

¢ Thorndike (1921
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1640) ): the
power of good responses from the point of view of truth or fact.

¢ Thurstone (1921
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1643) ): the
capacity to inhibit instinctive adjustments, flexibly imagine different responses, and realize
modified instinctive adjustments into overt behavior.

*  Wechsler (1939
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1725) }: The
aggregate or global capacity of the individual to act purposefully, to think rationally, and to deal
effectively with the environment,

* Humphreys (1971
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib796) ): the entire
repertoire of acquired skills, knowledge, learning sets, and generalization tendencies considered
intellectual in nature that are available at any one period of time.

* Piaget (1972
(http://content.thuzelearning.com/hooks/Gregory.8055,17.1/sections/bm02#bm02bib1292) ): a generic
term to indicate the superior forms of organization or equilibrium of cognitive structuring used
for adaptation to the physical and social environment.

* Sternberg (1985a
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1560) , 1986
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1562} ): the
mental capacity to automatize information processing and to emit contextually appropriate
behavior in response to novelty; intelligence also includes metacomponents, performance
components, and knowledge-acquisition components (discussed later).

* Eysenck (1986
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib475) ): error-free
transmission of information through the cortex.

* Gardner (1986
{(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib564) ): the ability
or skill to solve problems or to fashion products that are valued within one or more cultural
settings.

* Ceci {1994 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib289}
): multiple innate abilities that serve as a range of possibilities; these abilities develop (or fail to
develop, or develop and later atrophy) depending upon motivation and exposure to relevant
educational experliences.

e Sattler (2001
(http://content.thuzelearning.com/books/Gregery.8055.17.1/sections/bm02#bm02bib1438) ):
intelligent behavior reflects the survival skills of the species, beyond those associated with basic
physiological processes.
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The preceding list of definitions is representative although definitely not exhaustive. For one thing, the
list is exclusively Western and omits several cross-cultural conceptions of intelligence. Eastern
conceptions of intelligence, for example, emphasize benevolence, humility, freedom from conventional
standards of judgment, and doing what is right as essential to intelligence. Many African conceptions of
intelligence place heavy emphasis on social aspects of intelligence such as maintaining harmonious and
stable intergroup relations {Sternberg & Kaufman, 1998
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bmo02bib1569) ). The reader can
consult Bracken and Fagan (1990
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib194) ), Sternberg (1994
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1564) ), and Sternberg
and Detterman (1986
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bhm02bib1562) ) for additional
ideas. Certainly, this sampling of views is sufficient to demonstrate that there appear to be as many
definitions of intelligence as there are experts willing to define it!

In spite of this diversity of viewpoints, two themes recur again and again in expert definitions of
intelligence. Broadly speaking, the experts tend to agree that intelligence is (1) the capacity to learn from
experience and (2) the capacity to adapt to one’s environment. That learning and adaptation are both
crucial to intelligence stands out with poignancy in certain cases of mental disability in which persons fail
to possess one or the other capacity in sufficient degree (Case Exhibit 5.1
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec1#ch05box2) ).

CASE EXHIBIT 5.1

Learning and Adaptation as Core Functions of Intelligence

Persons with mental disability often demonstrate the importance of experiential learning and
environmental adaptation as key ingredients of intelligence. Consider the case history of a 61-year-old
newspaper vendor with moderate mental retardation well known to local mental health specialists. He
was an interesting if not eccentric gentleman who stored canned goods in his freezer and cursed at
welfare workers who stopped by to see how he was doing. In spite of his need for financial support from
a state agency, he was fiercely independent and managed his own household with minimal supervision
from case workers. Thus, in some respects he maintained a tenuous adaptation to his environment. To
earn much-needed extra income, he sold a local 25-cent newspaper from a streetside newsstand. He
recognized that a quarter was proper payment and had learned to give three quarters in change for a
dollar bill. He refused all other forms of payment, an arrangement that his customers could accept. But
one day the price of the newspaper was increased to 35 cents, and the newspaper vendor was forced to
deal with nickels and dimes as well as quarters and dollar bills. The amount of learning required by this
slight shift in environmental demands exceeded his intellectual abilities, and, sadly, he was soon out of
business. His failed efforts highlight the essential ingredients of intelligence: learning from experience
and adaptation to the environment.

How well do intelligence tests capture the experts’ view that intelligence consists of learning from
experience and adaptation to the environment? The reader should keep this question in mind as we
proceed to review major intelligence tests in the topics that follow. Certainly, there is cause for concern:
Very few contemporary intelligence tests appear to require the examinee to learn something new or to
adapt to a new situation as part and parcel of the examination process. At best, prominent modern tests
provide indirect measures of the capacities to learn and adapt. How well they capture these dimensions
is an empirical question that must be demonstrated through validational research.
https://content.ashford.edu/print/Gregory.8055.17 .1 ?sections=ch05,ch05lev1sec!,chd5lev1sec2,ch05lev1sec3,ch05levisecd, ch0Slevisecs,ch05levl...  5/79
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Layperson and Expert Conceptions of Intelligence

Another approach to understanding a construct is to study its popular meaning. This method is more
scientific than it may appear. Words have a common meaning to the extent that they help provide an
effective portrayal of everyday transactions. If laypersons can agree on its meaning, a construct such as
intelligence is in some sense “real” and, therefore, potentially useful. Thus, asking persons on the street,
“What does intelligence mean to you?” has much to recommend it.

Sternberg, Conway, Ketron, and Bernstein (1981
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1559) ) conducted a
series of studies to investigate conceptions of intelligence held by American adults. In the first study,
people in a frain station, entering a supermarket, and studying in a college library were asked to list
behaviors characteristic of different kinds of intelligence. In a second study—the only one discussed here
—both laypersons and experts {mainly academic psychologists) rated the importance of these behaviors
to their concept of an “ideally intelligent” person.

The behaviors central to expert and lay conceptions of intelligence turned out to be very similar,
although not identical. In order of importance, experts saw verbal intelligence, problem-solving ability,
and practical intelligence as crucial to intelligence. Laypersons regarded practical problemsolving ability,
verbal ability, and social competence to be the key ingredients in intelligence. Of course, opinions were
not unanimous; these conceptions represent the consensus view of each group. In their conception of
intelligence, experts place more emphasis on verbal ability than problem solving, whereas laypersons
reverse these priorities. Nonetheless, experts and laypersons alike consider verbal ability and problem
solving to be essential aspects of intelligence. As the reader will see, most intelligence tests also accent
these two competencies. Prototypical examples would be vocabulary (verbal ability) and block design
(problem solving) from the Wechsler scales, discussed later. We see then that everyday conceptions of
intelligence are, in part, mirrored quite faithfully by the content of modern intelligence tests.

Some disagreement between experts and laypersons is also evident. Experts consider practical
intelligence (sizing up situations, determining how to achieve goals, awareness and interest in the world)
an essential constituent of intelligence, whereas laypersons identify social competence (accepting others
for what they are, admitting mistakes, punctuality, and interest in the world) as a third component. Yet,
these two nominations do share one property in common: Contemporary tests generally make no
attempt to measure either practical intelligence or social competence. Partly, this reflects the
psychometric difficulties encountered in devising test items relevant to these content areas. However, the
more influential reason intelligence tests do not measure practical intelligence or social competence is
inertia: Test developers have blindly accepted historically incomplete conceptions of intelligence. Until
recently, the development of intelligence testing has been a conservative affair, little changed since the
days of Binet and the Army Alpha and Beta tests for World War | recruits. There are some signs that
testing practices may soon evolve, however, with the development of innovative instruments, For
example, Sternberg and colleagues have proposed innovative tests based on his model of intelligence.
Another interesting instrument based on a new model of intelligence is the Everyday Problem Solving
Inventory (Cornelius & Caspi, 1987
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib351) ). In this test,
examinees must indicate their typical response to everyday problems such as failing to bring money,
checkbook, or credit card when taking a friend to lunch.

Many theorists in the field of intelligence have relied on factor analysis for the derivation or validation of
their theories. In fact, it is not an overstatement to say that perhaps the majority of the theories in this
area have been impacted by the statistical tools of factor analysis, which provide ways to portion

https://content.ashford.edu/print/Gregory.8055.17.1 7sections=ch05,ch05lev1sec1,ch05lev1sec2,chl5levisecd,chiblevisecd ch0blav secs,chislev. ..

6/79



1/13/2020 Print

intelligence into its subcomponents. One of the most compelling theories of intelligence, the Cattell-Horn-
Carroll theory reviewed later, would not exist without factor analysis. Thus, before summarizing theories,
we provide a brief review of this essential statistical tool.
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5.2 A PRIMER OF FACTOR ANALYSIS

Broadly speaking, there are two forms of factor analysis: confirmatory and exploratory. In confirmatory
factor analysis, the purpose is to confirm that test scores and variables fit a certain pattern predicted by
a theory. For example, if the theory underlying a certain intelligence test prescribed that the subtests
belong to three factors (e.g, verbal, performance, and attention factors), then a confirmatory factor
analysis could be undertaken to evaluate the accuracy of this prediction. Confirmatory factor analysis is
essential to the validation of many ability tests.

The central purpose of exploratory factor analysis
{http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss113) is to summarize
the interrelationships among a large number of variables in a concise and accurate manner as an aid in
conceptualization (Gorsuch, 1983). For instance, factor analysis may help a researcher discover that a
battery of 20 tests represents only four underlying variables, called factors
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss112) . The smaller set of
derived factors can be used to represent the essential constructs that underlie the complete group of
variables.

Perhaps a simple analogy will clarify the nature of factors and their relationship to the variables or tests
from which they are derived. Consider the track-and-field decathlon, a mixture of 10 diverse events
including sprints, hurdles, pole vault, shot put, and distance races, among others. In conceptualizing the
capability of the individual decathlete, we do not think exclusively in terms of the participant’s skill in
specific events. Instead, we think in terms of more basic attributes such as speed, strength, coordination,
and endurance, each of which is reflected to a different extent in the individual events. For example, the
pole vault requires speed and coordination, while hurdle events demand coordination and endurance.
These inferred attributes are analogous to the underlying factors of factor analysis. Just as the results
from the 10 events of a decathlon may boil down to a small number of underlying factors (e.g, speed,
strength, coordination, and endurance}, so too may the results from a battery of 10 or 20 ability tests
reflect the operation of a small number of basic cognitive attributes (e.g,, verbal skill, visualization,
calculation, and attention, to cite a hypothetical list). This example illustrates the goal of factor analysis: to
help produce a parsimonious description of large, complex data sets.

We will illustrate the essential concepts of factor analysis by pursuing a classic example concerned with
the number and kind of factors that best describe student abilities. Holzinger and Swineford (1939
(http:/ /content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib779) ) gave 24 ability-
related psychological tests to 145 junior high schoel students from Forest Park, Illinois, The factor
analysis described later was based on methods outlined in Kinnear and Gray (1997
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib893) ).

[t should be intuitively obvious to the reader that any large battery of ability tests will reflect a smaller
number of basic, underlying abilities (factors). Consider the 24 tests depicted in Table 5.1
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec2#ch05tab1) . Surely some of
these tests measure common underlying abilities. For example, we would expect Sentence Completion,
Word Classification, and Word Meaning (variables 7, 8, and 9) to assess a factor of general language
ability of some kind. In like manner, other groups of tests seem likely to measure common underlying
abilities—but how many abilities or factors? And what is the nature of these underlying abilities? Factor
analysis is the ideal tool for answering these questions. We follow the factor analysis of the Holzinger
and Swineford (1939
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(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib779) ) data from
beginning to end.

TABLE 5.1 The 24 Ability Tests Used by Holzinger and Swineford (1939
(http:/ /content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib779) )

* Visual Perception

* Cubes
e Paper Form Board
* Flags

* General Information

* Paragraph Comprehension
* Sentence Completion

*  Word Classification

*  Word Meaning

* Add Digits

¢ (Code (Perceptual Speed)

* Count Groups of Dots

¢ Straight and Curved Capitals
*  Word Recognition

¢ Number Recognition

* Figure Recognition

*  Object-Number

* Number-Figure

* Figure-Word

* Deduction

* Numerical Puzzles

* Problem Reasoning

* Series Completion

s Arithmetic Problems

The Correlation Matrix

The beginning point for every factor analysis is the correlation matrix
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss74) , a complete table of

intercor-relations among all the variables.1
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections /ch05levlsec2#ch05fn01) The correlations between the

24 ability variables discussed here can be found in Table 5.2
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec2#ch05tab2) . The reader will
notice that variables 7, 8, and 9 do, indeed, intercorrelate quite strongly (correlations of .62, .69, and .53),
as we suspected earlier. This pattern of intercorrelations is presumptive evidence that these variables
measure something in common; that is, it appears that these tests reflect a common underlying factor.
However, this kind of intuitive factor analysis based on a visual inspection of the correlation matrix is
hopelessly limited; there are just too many intercorrelations for the viewer to discern the underlying
patterns for all the variables. Here is where factor analysis can be helpful. Although we cannot elucidate
the mechanics of the procedure, factor analysis relies on modern high-speed computers to search the
correlation matrix according to objective statistical rules and determine the smallest number of factors
needed to account for the observed pattern of intercorrelations. The analysis also produces the factor
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matrix, a table showing the extent to which each test loads on {correlates with) each of the derived
factors, as discussed in the following section.

The Factor Matrix and Factor Loadings

The factor matrix (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss115)
consists of a table of correlations called factor loadings. The factor loadings (which can take on values
from -1.00 to +1.00) indicate the weighting of each variable on each factor. For example, the factor
matrix in Table 5.3
(htip://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec2#ch05tab3) shows that five
factors (labeled I, II, III, IV, and V) were derived from the analysis. Note that the first variable, Series
Completion, has a strong positive loading of .71 on factor |, indicating that this test is a reasonably good
index of factor I. Note also that Series Completion has a modest negative loading of -.11 on factor II,
indicating that, to a slight extent, it measures the opposite of this factor; that is, high scores on Series
Completion tend to signify low scores on factor II, and vice versa.

TABLE 5.2 The Correlation Matrix for 24 Ability Variables

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

32

40 32

47 23 31

32 29 25 23

34 23 27 33 62

30 16 22 34 66 72

33 17 38 39 58 53 62

33 20 18 33 72 71 69 53

12 06 08 10 31 20 25 29 17

31 15 09 11 34 35 23 30 28 48

31 15 14 16 22 10 18 27 11 59 43

49 24 32 33 34 31 35 40 28 41 54 51

13 10 18 07 28 29 24 25 26 17 35 13 20

24 13 07 13 23 25 17 18 25 15 24 17 14 37

41 27 26 32 19 29 18 30 24 12 31 12 28 41 33

18 01 18 19 21 27 23 26 27 29 36 28 19 34 35 32

37 26 21 25 26 17 16 25 21 32 35 35 32 21 33 34 45

27 11 31 14 19 25 23 27 27 19 29 11 26 21 19 26 32 36

37 29 30 34 40 44 45 43 45 17 20 25 24 30 27 39 26 30 17

37 31 17 35 32 26 31 36 27 41 40 36 43 18 23 35 17 36 33 41

41 23 25 38 44 39 40 36 48 16 30 19 28 24 25 28 27 32 34 46 37
47 35 38 34 44 43 41 50 50 26 25 35 38 24 26 36 29 27 30 51 45 50
24 28 21 20 25 42 43 44 39 42 53 41 41 36 30 17 26 33 41 37 37 45.38 43

W W ~N1 O 1o N

[ T O N S N
W N = O O 0N e W N O

Note: Decimals omitted,
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Source: Reprinted with permission from Holzinger, K., & Harman, H. {1941). Factor analysis: A synthesis of factorial
methods. Chicago: University of Chicago Press. Copyright ® 1941 The University of Chicago Press.

The factors may seem quite mysterious, but in reality they are conceptually quite simple. A factor is
nothing more than a weighted linear sum of the variables; that is, each factor is a precise statistical
combination of the tests used in the analysis. In a sense, a factor is produced by “adding in” carefully
determined portions of some tests and perhaps “subtracting out” fractions of other tests. What makes
the factors special is the elegant analytical methods used to derive them. Several different methods exist.
These methods differ in subtle ways beyond the scope of this text; the reader can gather a sense of the
differences by examining names of procedures: principal components factors, principal axis factors,
method of unweighted least squares, maximum-likelihood method, image factoring, and alpha factoring
(Tabachnick & Fidell, 1989
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1607} ). Most of the
methods yield highly similar results.

The factor loadings depicted in Table 5.3
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec2#ch05tab3) are nothing
more than correlation coefficients between variables and factors. These correlations can be interpreted
as showing the weight or loading of each factor on each variable. For example, variable 9, the test of
Word Meaning, has a very strong loading (.69} on factor I, modest negative loadings {-.45 and -.29) on
factors I and III, and negligible loadings (.08 and .00) on factors IV and V.

TABLE 5.3 The Principal Axes Factor Analysis for 24 Variables

Factors
i If m v Vv
23. Series Completion J1 -11 14 11 07
8. Word Classification 70 -24 -.15 -11 -.13
5. General Information 70 =32 -.34 -.04 .08
9. Word Meaning 69 -45 -.29 08 .00
6. Paragraph Comprehension 69  -42 -.26 .08 -.01
7. Sentence Completion 68 -42 -36 -.05 -.05
24. Arithmetic Problems 67 20 -23 -.04 -11
20. Deduction 64 -19 A3 06 28
22. Problem Reasoning 64 -15 a1 05 -.04
21. Numerical Puzzles 62 24 10 =21 16
13. Straight and Curved Capitals 62 28 02 -.36 -.07
1. Visual Perception 62 -01 A2 -21 -.01
11. Code (Perceptual Speed) 57 44 -.20 .04 01
18. Number-Figure .55 39 20 15 -11
16. Figure Recognition .53 08 40 31 A9
4. Flags 51 -.18 32 -23 ~-.02
17. Object-Number 49 27 -.03 47 -.24
2. Cubes 40  -.08 39 -.23 34
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Factors
I 1 1 v |4
12. Count Groups of Dots A48 55 -.14 -.33 a1
10. Add Digits 47 55 -45 -19 .07
3. Paper Form Board 44 -19 48 =12 -.36
14. Word Recognition 45 09 -.03 55 16
15. Number Recognition _ 42 14 10 52 31
19. Figure-Word | 47 14 13 20 -6l

Geometric Representation of Factor Loadings

[t is customary to represent the first two or three factors as reference axes in two- or three-dimensional
spa Ce_Z (http://content.thuzelearning.com/books/Gregory.8055.17.1 /sections /ch05levlsec2 #ch05Mm02}) Within this framework

the factor loadings for each variable can be plotted for examination. In our example, five factors were
discovered, too many for simple visualization. Nonetheless, we can illustrate the value of geometric
representation by oversimplifying somewhat and depicting just the first two factors (Figure 5.1
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec2#ch05figl) ). In this graph,
each of the 24 tests has been plotted against the two factors that correspond to axes I and II. The reader
will notice that the factor loadings on the first factor (I) are uniformly positive, whereas the factor
loadings on the second factor (II) consist of a mixture of positive and negative.

FIGURE 5.1 Geometric Representation of the
First Two Factors from 24 Ability Tests

The Rotated Factor Matrix

An important point in this context is that the position of the reference axes is arbitrary. There is nothing
to prevent the researcher from rotating the axes so that they produce a more sensible fit with the factor
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loadings. For example, the reader will notice in Figure 5.1
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levlsec2#ch05figl) that tests 6, 7,
and 9 (all language tests) cluster together. It would certainly clarify the interpretation of factor I if it were
to be redirected near the center of this cluster (Figure 5.2
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levlsec2#ch05fig2) ). This
manipulation would also bring factor Il alongside interpretable tests 10, 11, and 12 (all number tests).

Although rotation can be conducted manually by visual inspection, it is more typical for researchers to
rely on one or more objective statistical criteria to produce the final rotated factor matrix. Thurstone’s
(1947 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1648) ) criteria of
positive manifold and simple structure are commeonly applied. In a rotation to positive manifold
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss281) , the computer
program seeks to eliminate as many of the negative factor loadings as possible. Negative factor loadings
make little sense in ability testing, because they imply that high scores on a factor are correlated with
poor test performance. In a rotation to simple structure
(http://content.thuzelearning.com/bhooks/Gregory.8055.17.1/sections/bm01#bm01gloss282) , the computer
program seeks to simplify the factor loadings so that each test has significant loadings on as few factors
as possible. The goal of both criteria is to produce a rotated factor matrix that is as straightforward and
unambiguous as possible.
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FIGURE 5.2 Geometric Representation of the
First Two Rotated Factors from 24 Ability Tests

The rotated factor matrix for this problem is shown in Table 5.4
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05lev1sec2#ch05tab4) . The particular
method of rotation used here is called varimax rotation. Varimax should not be used if the theoretical
expectation suggests that a general factor may occur. Should we expect a general factor in the analysis of
ability tests? The answer is as much a matter of faith as of science. One researcher may conclude that a
general factor is likely and, therefore, pursue a different type of rotation. A second researcher may be
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comfortable with a Thurstonian viewpoint and seek multiple ability factors using a varimax rotation. We
will explore this issue in more detail later, but it is worth pointing out here that a researcher encounters
many choice points in the process of conducting a factor analysis. It is not surprising, then, that different
researchers may reach different conclusions from factor analysis, even when they are analyzing the
same data set.

The Interpretation of Factors

Table 5.4 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec2#ch05tab4)
indicates that five factors underlie the intercorrelations of the 24 ability tests. But what shall we call
these factors? The reader may find the answer to this question disquieting, because at this juncture we
leave the realm of cold, objective statistics and enter the arena of judgment, insight, and presumption. In
order to interpret or name a factor, the researcher must make a reasoned judgment about the common
processes and abilities shared by the tests with strong loadings on that factor. For example, in Table 5.4
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec2#ch05tab4) it appears that
factor I is verbal ability, because the variables with high loadings stress verbal skill (e.g., Sentence
Completion loads .86, Word Meaning loads .84, and Paragraph Comprehension loads .81). The variables
with low loadings also help sharpen the meaning of factor 1. For example, factor I is not related to
numerical skill (Numerical Puzzles loads .18) or spatial skill {(Paper Form Board loads .16). Using a
similar form of inference, it appears that factor Il is mainly numerical ability (Add Digits loads .85, Count
Groups of Dots loads .80). Factor Il is less certain but appears to be a visual-perceptual capacity, and
factor IV appears to be a measure of recognition. We would need to analyze the single test on factor V
(Figure-Word) to surmise the meaning of this factor.

TABLE 5.4 The Rotated Varimax Factor Matrix for 24 Ability Variables

Factors
I i i v |4
7. Sentence Completion .86 15 13 03 .07
9. Word Meaning .84 .06 15 18 .08
6. Paragraph Comprehension 81 .07 16 18 10
5. General Information .79 22 16 12 -.02
8. Word Classification .65 22 .28 .03 21
22. Problem Reasoning 43 12 .38 23 22
10. Add Digits 18 .85 -.10 09 -01
12. Count Groups of Dots 02 .80 20 03 00
11. Code (Perceptual Speed) 18 .64 05 30 A7
13. Straight and Curved Capitals 19 .60 40 -.05 18
24. Arithmetic Problems 41 .54 A2 16 24
21. Numerical Puzzles 18 .52 45 16 .02
18. Number-Figure 00 .40 28 38 36
1. Visual Perception A7 21 .69 10 20
2. Cubes | 09 09 .65 12 -18
4. Flags 26 .07 .60 -.01 15
3. Paper Form Board 16 -09 57 -.05 49
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Factors

! I oI v |4
23. Series Completion 42 24 .52 .18 11
20. Deduction 43 11 47 35 -.07
15. Number Recognition A1 09 12 74 -.02
14. Word Recognition 23 10 00 .69 10
16. Figure Recognition 07 07 46 .59 14
17. Object-Number A5 25 -.06 .52 49
19. Figure-Word 16 16 A1 14 77

Note: Boldfaced entries signify subtests loading strongly on each factor.

These results illustrate a major use of factor analysis, namely, the identification of a small nhumber of
marker tests from a large test battery. Rather than using a cumbersome battery of 24 tests, a researcher
could gain nearly the same information by carefully selecting several tests with strong loadings on the
five factors. For example, the first factor is well represented by test 7, Sentence Completion (.86) and test
9, Word Meaning (.84); the second factor is reflected in test 10, Add Digits (.85), while the third factor is
best illustrated by test 1, Visual Perception (.69). The fourth factor is captured by test 15, Number

Recognition (.74), and Word Recogrition (.69). Of course, the last factor loads well on only test 19,
Figure-Word (.77}.

Issues in Factor Analysis

Unfortunately, factor analysis is frequently misunderstood and often misused. Some researchers appear
to use factor analysis as a kind of divining rod, hoping to find gold hidden underneath tons of dirt. But
there is nothing magical about the technique. No amount of statistical analysis can rescue data based on
trivial, irrelevant, or haphazard measures. If there is no gold to be found, then none will be found; factor
analysis is not alchemy. Factor analysis will yield meaningful results only when the research was
meaningful to begin with.

An important peint is that a particular kind of factor can emerge from factor analysis only if the tests and
measures contain that factor in the first place. For example, a short-term memory factor cannot possibly
emerge from a battery of ability fests if none of the tests requires short-term memory. In general, the

quality of the output depends upon the quality of the input. We can restate this point as the acronym
GIGO, or “garbage in, garbage out.”

Sample size is crucial to a stable factor analysis. Comrey (1973

(http: //content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib331) ) offers the
following rough guide:

Sample Size Rating
50 Very poor
100 Poor

200 _ Fair

300 Good

500 Very good
1,000 Excellent
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In general, it is comforting to have at least five subjects for each test or variable (Tabachnick & Fidell,
1989 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1607) ).

Finally, we cannot overemphasize the extent to which factor analysis is guided by subjective choices and
theoretical prejudices. A crucial question in this regard is the choice between orthogonal axes and
oblique axes. With orthogonal axes
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss231) , the factors are at
right angles to one another, which means that they are uncorrelated (Figures 5.1
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levlisec2#ch05figl) and 5.2
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levlsec2#ch05fig2) both depict
orthogonal axes). In many cases the clusters of factor loadings are situated such that oblique axes
provide a better fit. With oblique axes

(http://content.thuzelearning.com /books/Gregory.8055.17.1/sections/bm01#bm01gloss225) , the factors are
correlated among themselves. Some researchers contend that oblique axes should always be used,
whereas others take a more experimental approach. Tabachnick and Fidell (1989
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1607) } recommend an
exploratory strategy based on repeated factor analyses. Their approach is unabashedly opportunistic:

During the next few runs, researchers experiment with different numbers of factors, different
extraction techniques, and both orthogonal and oblique rotations. Some number of factors with
some combination of extraction and rotation produces the solution with the greatest scientific utility,
consistency, and meaning; this is the solution that is interpreted.

With oblique rotations it is also possible to factor analyze the factors themselves. Such a procedure may
yield one or more second-order factors. Second-order factors can provide support for the hierarchical
organization of traits and may offer a rapprochement between ability theorists who posit a single
general factor (e.g, Spearman) and those who promote several group factors (e.g., Thurstbne]. Perhaps
both camps are correct, with the group factors sitting underneath the second-order general factor.

We turn now to a review of major theories of intelligence. A reminder: The justification for reviewing
theories is to illustrate how they have influenced the structure and content of intelligence tests. In
addition, the construct validity of 1Q tests depends on the extent to which they embody specific theories
of intelligence, so a review of theories is pertinent to test validation as well.

IIn this example, the variables are tests that produce more or less continuous scores. But the variables in a factor analysis can take other
forms, so long as they can be expressed as continuous scores. For example, all of the following could be variables in a factor analysis: height,
weight, income, social class, and rating-scale results.

2Technica]ly, it is possible to represent all the factors as reference axes in n-dimensional space, where n is the number of factors. However,
when working with more than two or three reference axes, visual representation is no longer feasible.
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5.3 GALTON AND SENSORY KEENNESS

The first theories of intelligence were derived in the Brass Instruments era of psychology at the turn of
the twentieth century. The reader will recall from Topic 2A
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch02#ch02box1) that Sir Francis Galton
and his disciple ]. McKeen Cattell thought that intelligence was underwritten by keen sensory abilities.
This incomplete and misleading assumption was based on a plausible premise:

The only information that reaches us concerning outward events appears to pass through the
avenues of our senses; and the more perceptive the senses are of difference, the larger is the field
upon which our judgment and intelligence can act. (Galton, 1883
(http://content.thuzelearning.com/books/Gregory.8055.17.1 /sections/bm02#bm02bib559) )

The sensory keenness theory of intelligence promoted by Galton and Cattell proved to be largely a
psychometric dead end. However, we do see vestiges of this approach in modern chronometric analyses
of intelligence such as the Reaction Time-Movement Time (RT-MT) apparatus, an experimental method
favored by Jensen (1980
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib832} ) for the culture-
reduced study of intelligence (Figure 5.3
{(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec3#ch05fig3) ). In RT-MT
studies, the subject is instructed to place the index finger of the preferred hand on the home button;
then an auditory warning signal is sounded, followed (in 1 to 4 seconds) by one of the eight green lights
going on, which the subject must turn off as quickly as possible by touching the microswitch button
directly below it. RT is the time the subject takes to remove his or her finger from the home button after
a green light goes on. MT is the interval between removing the finger from the home button and touching
the button that turns off the green light. Jensen (1980
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib832) ) reported that

indices of RT and MT correlated as high as .50 with traditional psychometric tests of intelligence.3
(http://content.thuzelearning.com /books/Gregory.8055.17.1 /sections/ch05lev1sec3#ch05fMm03) P A. Vernon has also reportecl

substantial relationships—as high as .70 for multiple correlations—between speed-of-processing RT-
type measures and traditional measures of intelligence (Vernon, 1994). These findings suggest that
speed-of-processing measures such as RT might be a useful addition to standardized intelligence test
batteries. In general, test developers have resisted the implications of this line of research.

O O
® ®

O
® O

90
® O

O : O
o [ ®

FIGURE 5.3 Schematic Diagram of a Reaction
Time—Movement Time Apparatus
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Note: The square hox o indicates the starting point; the open
circles O indicate the signal lights; the dark circles » indicate
the push buttons.

One reason for the lack of ongoing progress in mental chronometry is the absence of standardization in
measurement and data analysis. Not all devices for measuring reaction time are the same; consequently,
the data from one laboratory cannot be compared to results from another setting. Making matters
worse, many ‘reaction time” devices lump together RT (the time needed to lift the finger off the home
button) and MT (the time in transit to the target button), which drastically obscures the relationship
between chronometric data and intelligence (Jensen, 2006

(http: //content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib836) ). The problem with
combining the two is that RT is related to 1Q, whereas MT is a motor measure uncorrelated with [Q. In
addressing these issues, Jensen (2011

(http: //content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib837) } has commissioned
a leading electronics company to create a standard apparatus for administering and recording reaction
time and other indices of mental chronometry. Use of a single standard instrument would provide an
vital foundation for progress in this area of assessment. '

3Actually, the raw correlation coefficient is negative because faster reaction times {lower numerical scores) are associated with higher
intelligence scores.
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5.4 SPEARMAN AND THE g FACTOR

Based on extensive study of the patterns of correlations between various tests of intellectual and
sensory ability, Charles Spearman (1904
(htip://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1526} , 1923
(http://content.thuzelearning.com/books/Gregory.8055.17.1 /sections/bm02#bm02bib1527} , 1927
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1528) ) proposed that
intelligence consisted of two kinds of factors: a single general factor
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bmo01gloss132) g and numerous
specific factors (hetp://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss299) s;,
59, 53, and so on. As a necessary adjunct to his theory, Spearman helped invent factor analysis to aid his
investigation of the nature of intelligence. Spearman used this statistical technique to discern the number
of separate underlying factors that must exist to account for the observed correlations between a large
number of tests.

In Spearman’s view, an examinee’s performance on any homogeneous test or subtest of intellectual
ability was determined mainly by two influences: g, the pervasive general factor, and s, a factor specific to
that test or subtest. (An error factor e could also sway scores, but Spearman sought to minimize this
influence by using highly reliable instruments.) Because the specific factor s was different for each
intellectual test or subtest and was usually less influential than g in determining performance level,
Spearman expressed less interest in studying it. He concentrated mainly on defining the nature of g,
which he likened to an “energy” or “power” that serves in common the whole cortex. In contrast,
Spearman considered s, the specific factor, to have a physiological substrate localized in the group of
neurons serving the particular kind of mental operation demanded by a test or subtest. Spearman (1923
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1527) } wrote, “These
neural groups would thus function as alternative ‘engines’ into which the common supply of ‘energy’
could be alternatively distributed.”

Spearman reasoned that some tests were heavily loaded with the g factor, whereas other tests—
especially purely sensory measures—were representative mainly of a specific factor. Two tests each
heavily loaded with g should correlate quite strongly. In contrast, psychological tests not saturated with g
should show minimal correlation with one another. Much of Spearman’s research was aimed at
demonstrating the truth of these basic propositions derived from his theory. We have illustrated these
peints graphically in Figure 5.4
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec4#ch05fig4) . In this figure,
each circle represents an intelligence test, and the degree of overlap between circles indicates the
strength of correlation. Notice that tests A and B, each heavily loaded on g, correlate quite strongly. Tests
C and D have weak loadings on g and subsequently do not correlate well.
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FIGURE 5.4 Spearman’s Two-Factor Theory of
Intelligence

Note: Tests A and B correlate strongly, whereas € and D
correlate weakly. See text. '

Spearman (1923 (hitp://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1527) )
believed that individual differences in g were most directly reflected in the ability to use three principles
of cognition: apprehension of experience, eduction of relations, and eduction of correlations.
Incidentally, the little-used term eduction refers to the process of figuring things out. These three
principles can be explained by examining how we solve analogies of the form A:B::C:? that is, A is to B as
C is to? A simple example might be HAMMER:NAIL::SCREWDRIVER:? To solve this analogy, we must first
perceive and understand each term based on past experience; that is, we must have apprehension of
experience. If we have no idea what a hammer, nail, and screwdriver are, there is little chance we can
complete the analogy correctly. Next, we must infer the relation between the first two analogy terms, in
this case, HAMMER and NAIL. Using a somewhat stilted phrase, Spearman referred to the ability to infer
the relation between two concepts as eduction of relations. The final step, eduction of correlates, refers
to the ability to apply the inferred principle to the new domain, in this case, applying the rule inferred to
produce the correct response, namely, SCREWDRIVER:SCREW.

Although Spearman’s physiological speculations have been largely dismissed, the idea of a general factor
has been a central topic in research on intelligence and is still very much alive today (Jensen, 1979
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib831) ). The correctness of
the g factor viewpoint is more than an academic issue. If it is true that a single, pervasive general factor is
the essential wellspring of intelligence, then psychometric efforts to produce factorially pure subtests
{e.g., measuring verbal comprehension, perceptual organization, short-term memory, and so on) are
largely misguided. To the extent that Spearman is correct, test developers should forgo subtest
derivation and concentrate on producing a test that best captures the general factor.

The most difficult issue faced by Spearman’s two-factor theory is the existence of group factors. As early
as 1906, Spearman and his contemporaries noted that relatively dissimilar tests could have correlations
higher than the values predicted from their respective g loadings (Brody & Brody, 1976
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib221) ). This finding raised
the possibility that a group of diverse measures might share in common a unitary ability other than g.
For example, several tests might share a common unitary memorization factor that was halfway between
the g factor and the various s factors unique to each test. Of course, the existence of group factors is
incompatible with Spearman’s meticulous two-factor theory.

https://content.ashford.edu/print/Gregory. 8055.17.17sections=ch(5,ch05lev1sec1, chi5lev1sec2,ch05levisec3,ch05levisecd ch05levisecs chOSlev...  20/79



11132020 Print

5.5 THURSTONE AND THE PRIMARY MENTAL ABILITIES

Thurstone (1931 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1646) )
developed factor-analysis procedures capable of searching correlation matrices for the existence of
group factors. His methods permitted a researcher to discover empirically the number of factors present
in a matrix and to define each factor in terms of the tests that loaded on it. In his analysis of how scores
on different kinds of intellectual tests correlated with each other, Thurstone concluded that several
broad group factors—and not a single general factor—could best explain empirical results. At various
peints in his research career, he proposed approximately a dozen different factors. Only seven of these
factors have been frequently corroborated (Thurstone, 1938

(http:/ /content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1647) ; Thurstone &
Thurstone, 1941 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1650} )
and they have been designated primary mental abilities
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss252) (PMAs}. They are
as follows:

¢ Verbal Comprehension: The best measure is vocabulary, but this ability is also involved in
reading comprehension and verbal analogies.

* Word Fluency: Measured by such tests as anagrams or quickly haming words in a given category
(e.g., foods beginning with the letter S).

¢ Number: Virtually synonymous with the speed and accuracy of simple arithmetic computation.

* Space: Such as the ability to visualize how a three-dimensional object would appear if it was
rotated or partially disassembled.

e Associative Memory: Skill at rote memory tasks such as learning to associate pairs of unrelated
items,

* Perceptual Speed: Involved in simple clerical tasks such as checking for similarities and
differences in visual details.

¢ Inductive Reasoning: The best measures of this factor involve finding a rule, as in a number
series completion test.

Thurstone {1938 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1647) )
published the Primary Mental Abilities Test consisting of separate subtests, each designed to measure
one PMA. However, he later acknowledged that his primary mental abilities correlated moderately with
each other, proving the existence of one or more second-order factors. Ultimately, Thurstone
acknowledged the existence of g as a higher-order factor. By this time, Spearman had admitted the
existence of group factors representing special abilities, and it became apparent that the differences
between Spearman and Thurstone were largely a matter of emphasis (Brody & Brody, 1976
(htip://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib221) }. Spearman
continued to believe that g was the major determinant of correlations between test scores and assigned
a minor role to group factors. Thurstone reversed these priorities.

P.E. Vernon (1950 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1697)
) provided a rapprochement between these two viewpoints by proposing a hierarchical group factor
theory. In his view, g was the single factor at the top of a hierarchy that included two major group factors
labeled verbal-educational (V:ed) and practical-mechanical-spatial-physical {lk:m). Underneath these two
major group factors were several minor group factors resembling the PMAs of Thurstone; specific
factors occupied the bottom of the hierarchy.
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Thurstone’s analysis of PMAs continues to influence test development even today. Schaie (1985
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1452) } has revised and
modified the Primary Mental Abilities Test and used these measures in an enormously influential
longitudinal study of adult intelligence. If intelligence were mainly a matter of g, then the group factors
should change at about the same rate with aging. In support of the group factor approach to intellectual
testing, Schaie (1985
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02hib1452) ) reports that some
PMAs show little age-related decrement (Verbal Comprehension, Word Fluency, Inductive Reasoning),
whereas other PMAs decline more rapidly in old age (Space, Number). Thus, there may be practical real-
world reasons for reporting group factors and not condensing all of intelligence into a single general
factor.
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5.6 CATTELL-HORN-CARROLL (CHC) THEORY

Raymond Cattell (1941
{http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bmo02bib284} , 1971
{(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib285) ) proposed an
influential theory of the structure of intelligence that has been revised and extended by john Horn (1968
{http://content.thuzelearning.com/books/Gregory.8055.17.1 /sections /bm02#bm02bib784} , 1994
{(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib786) ) and John Carroll
(1993 (htip://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib273) ). Based on
the reanalysis of 461 data sets from hundreds of independent studies published by other researchers,
Carroll’s contributions to the theory are especially vital. The ensuing theory, known as Cattell-Horn-
Carroll (CHC) theory, is a taxonomic tour de force that synthesizes the findings from almost a century of
factor-analytic research on intelligence. Many psychometricians consider CHC theory to possess the
strongest empirical foundation of any theory of intelligence and also to provide the most far-reaching
implications for psychological testing (McGrew, 1997
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1095) ). Although the “hig
picture” of CHC theory is well established, researchers continue to refine the details. Under the direction
of Kevin McGrew, the Institute for Applied Psychometrics manages an informative website dedicated to
the advancement of CHC theory and applications (www.iapsych.com (http://www.iapsych.com) }.

StratumII - StratumIl - Sstratuml

Fluid Intelligence/Reasoning - {Gf) - 5narrow abilities

Crystallized Intelligence/Knowledge (Gc). 10 narrow abilities

Doma_in—Speciﬁc Knowledgé . - (Gkn) 7__I;arrdw abilities

General Visual-Spatial Abilities ~ (Gv)  llmarrow abilities
Intelligence, g Auditory Processing (Ga) 13 narrow abilities
Broad Retrieval [Memory] ('Gr) 13 narrow abil-it_ies

- Cognitive Processing Speed (Gs) 7 narrow abilities
Decision/Reaction Time or Speed (GH) 5 narrow abilities

FIGURE 5.5 Qutline of the CHC Three-Stratum Theory of Cognitive Abilities

Source: Based on Carroll, . B. (1993). Cognitive abilities: A survey of factor analytic studies.
New York: Cambridge University Press, and table 3 from www.iapsych.com
{http://www.iapsych.com}.

According to CHC theory, intelligence consists of pervasive, broad, and narrow abilities that are
hierarchically organized. These are known as Stratum II, II, and I, respectively (Figure 5.5
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levisec6#ch05fig5) ). At the highest
and most pervasive level called Stratum IlI, a single general factor known as little g oversees all cognitive
activities. Stratum Il capacities, which reside beneath general intelligence, include several prominent and
well-established abilities. In Figure 5.5
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch05levlsec6#ch05fig5) , we have
depicted eight abilities originally identified by Carroll (1993
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib273) ), but other
researchers have proposed a slightly larger list that includes additional tentative entries such as
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psychomotor, olfactory, and kinesthetic abilities. The precise name given to each broad factor differs
slightly from one theorist to another, as well as the scale abbreviations. Even so, there is strong
consensus for the essential list. These broad factors include “basic constitutional and longstanding
characteristics of individuals that can govern or influence a great variety of behaviors in a given domain”
(Carroll, 1993 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib273) , p.
634}. The narrow abilities at Stratum I include approximately 70 abilities identified by Carroll (1993
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib273} ) in his
comprehensive review of factor-analytic studies of intelligence. As might be expected, the list of narrow
abilities is continually revised and expanded with ongoing research. These 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, 1993
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib273} , p. 634).

Definitions of CHC Broad Ability Factors

As noted, the broad factors of CHC are more firmly established than the narrow abilities, which continue
to undergo revision and extension. We provide brief definitions of the broad factors, based on Carroll
(1993 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib273) }, McGrew
(1997 (htip://content.thuzelearning.com/hooks/Gregory.8055.17.1/sections/bm02#bm02bib1095) ), and
www.iapsych.com (http://www.iapsych.com) .

* Fluid Intelligence/Reasoning (Gf): Fluid intelligence encompasses high-level reasoning and is
used for novel tasks that cannot be performed automatically. The mental operations of fluid
intelligence
{(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss121) may
involve drawing inferences, forming concepts, generating and testing hypotheses, understanding
implications, inductive reasoning, and deductive reasoning. The classic example of fluid
intelligence is found in matrix reasoning tasks such as Raven’s Progressive Matrices (Raven,
2000 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bih1334) ).

The abilities that make up fluid intelligence are largely nonverbal and not heavily dependent on
exposure to a specific culture. For these reasons, Cattell (1940) believed that measures of fluid
intelligence were culture-free. Based on this assumption, he devised the Culture Fair Intelligence
Test (CFIT) in an attempt to eliminate cultural bias in testing. Of course, calling a test culture fair
does not make it necessarily so. In fact, the goal of a completely culture-free intelligence test has
proved elusive. We discuss the CFIT in more detail in Topic 6A
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/ch06#ch06box1) , Group Tests of
Ability and Related Concepts.

* Crystallized Intelligence/Knowledge (Gc): This form of intelligence is typically defined as an
individual's breadth and depth of acquired cultural knowledge—knowledge of the language,
information, and concepts of a person’s culture. The quintessential example is the extent of
vocabulary that an individual understands. But crystallized intelligence
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm01#bm01gloss86) also
includes the application of verbal and cultural knowledge {e.g., oral production, verbal fluency,
and communication ability). Because crystallized intelligence arises when fluid intelligence is
applied to cultural products, we would expect these two kinds of cognitive ability to possess a
strong correlation. In fact, it is commonly found that measures of crystallized and fluid
intelligence possess a healthy relationship (r = .5).

* Domain-Specific Knowledge (Gkn): Domain-specific knowledge represents a person’s acquired
knowledge in one or more specialized domains that do not represent the typical experiences of
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individuals in the culture. This might include, for example, knowledge of biology, skill in lip
reading, or knowledge of how to use computers.

¢ Visual-Spatial Abilities (Gv}: This ability has to do with imagining, retaining, and transforming
mental representations of visual images. For example, visual-spatial ability involves the capacity
to predict how a shape will appear when it is rotated, or to identify quickly a known object from
a vague, incomplete picture, or to find an object hidden in a picture. This capacity includes visual
memory.

* Auditory Processing (Ga): This is the ability to perceive auditory information accurately, which
involves the capacity to analyze, comprehend, and synthesize patterns or groups of sounds.
Auditory processing involves the ability to discriminate speech sounds and to judge and
discriminate tonal patterns in music. A key characteristic of Ga abilities is the cognitive talent
needed to control the perception of auditory information (ie, to filter signal from noise).

¢ Broad Retrieval [Memory] (Gr): Broad retrieval includes the ability to consolidate and store new
information in long-term memory and then to retrieve the information later through association.
Included in broad retrieval are such narrow abilities as associative memory (e.g,, when provided
the first part, recalling the second part of a previously learned but unrelated pair of items),
ideational fluency (e.g., ability to call up ideas), and naming facility {e.g, rapidly providing the
names of familiar faces). Some researchers further divide the broad memory factor into
additional subtypes. In addition, some theorists propose a separate broad factor for short-term
memory (Gsm), the ability to retain awareness of events that have occurred in the last minute or
less (Horn & Masunaga, 2000
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bmo02hib788) ).

* Cognitive Processing Speed (Gs): This ability refers to the speed of executing overlearned or
automatized cognitive processes, especially when high levels of attention and focused
concentration are required. For example, the ability to perform simple arithmetic calculations
with lightning speed would indicate a high level of Gs ability.

* Decision/Reaction Time or Speed (Gt): This is the ability to make decisions quickly in response to
simple stimuli, typically measured by reaction time. For example, the capacity to quickly press the
space bar whenever the letter X appears on a computer screen would involve the use of Gt
ability.

Utility of CHC Theory

CHC theory is unusual in its detail, which permits robust theory testing. A number of lines of evidence
support its validity. For example, the structure of intelligence as posited by CHC theory has been shown
to be invariant across a number of key variables, including age, ethnicity, and gender (Bickley, Keith, &
Wolfe, 1995 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib158) ; Keith,
1999 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib873) ; Carroll, 1993
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#hbm02bib273) ). In empirical
studies, the broad CHC abilities also reveal theory-confirming relationships with numerous academic and
occupational variables (McGrew & Flanagan, 1998
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1096) ). In one study, for
example, measures of CHC broad and narrow cognitive abilities were selectively and appropriately
related to mathematics achievement in a representative sample of children and adolescents (Floyd,
Evans, & McGrew, 2003
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib513) ). In general,
practitioners praise the CHC approach to partiticning intelligence because the broad and narrow abilities
are empirically verified and possess meaningful real-world implications (Fiorello & Primerano, 2005
{(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib503) ).
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5.7 GUILFORD AND THE STRUCTURE-OF-INTELLECT MODEL

After World War I, ]. P. Guilford (1967
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib666) , 1985
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib667) ) continued the
search for the factors of intelligence that had been initiated by Thurstone. Guilford soon concluded that
the number of discernible mental abilities was far in excess of the seven proposed by Thurstone. For one
thing, Thurstone had ignored the category of creative thinking entirely, an unwarranted oversight in
Guilford’s view. Guilford also found that if innovative types of tests were included in the large batteries of
tests he administered his subjects, then the pattern of correlations between these tests indicated the
existence of literally dozens of new factors of intellect. Furthermore, Guilford noticed that some of these
new factors had recurring similarities with respect to the kinds of mental processes involved, the kinds
of information featured, or the form that the items of information took. As a result of these recurring
similarities in the newly discovered factors of intellect, he became convinced that these multitudinous
factors could be grouped along a small number of main dimensions. Guilford (1967
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02hib666) } proposed an
elegant structure-of-intellect (SO!) model to summarize his findings. Visually conceived, Guilford's SOI
model classifies intellectual abilities along three dimensions called operations, contents, and products.

By operations, Guilford has in mind the kind of intellectual operation required by the test. Most test items
emphasize just one of the operations listed here:

Cognition Discovering, knowing, or comprehending

Memory  Committing items of information to memory, such as a series of
numbers

Divergent Retrieving from memory items of production a specific class, such as
naming objects that are both hard and edible

Convergent Retrieving from memory a correct production item, such as a
crossword puzzle word

Evaluation Determining how well a certain item of information satisfies specific
logical requirements

Contents refers to the nature of the materials or information presented to the examinee. The five content
categories are as follows:

Visual Images presented to the eyes

Auditory  Sounds presented to the ears

Symbolic Such as mathematical symbols that stand for something
Semantic Meanings, usually of word symbols

Behavioral The ability to comprehend the mental state and behavior of other
persons

The third dimension in Guilford’s model, products, refers to the different kinds of mental structures that
the brain must produce to derive a correct answer. The six kinds of products are as follows:
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Unit A single entity having a unique combination of properties or
attributes
Class What it is that similar units have in common, such as a set of

triangles or high-pitched tones

Relation An observed connection between two items, such as two tones an
octave apart

System Three or more items forming a recognizable whole, such as a
melody or a plan for a sequence of actions

Transformation A change in an item of information, such as a correction of a
misspelling '

Implication What an individual item implies, such as to expect thunder
following lightning

In total, then, Guilford (1985
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib667) } identified five
types of operations, five types of content, and six types of products, for a total of 5 x 5 x 6 or 150 factors
of intellect. Each combination of an operation (e.g., memory), a content (e.g.,, symbolic), and a product
(e.g., units) represents a different factor of intellect. Guilford claims to have verified over 100 of these
factors in his research.

The SOl model is often lauded on the grounds that it captures the complexities of intelligence, However,
‘this is also a potential Achilles’ heel for the theory. Consider one factor of intellect, memory for symholic
units. A test that requires the examinee to recall a series of spoken digits (e.g., Digit Span on the WAIS-IIT)
might capture this factor of intellect quite well. But so might a visual digit span test and perhaps even an
analogous test with tactile presentation of symbols, such as vibrating rods applied to the skin. Perhaps
we need a separate cube for hearing, vision, and touch; such an expanded model would incorporate 450
factors of intellect, surely an unwieldy number.

Although it seems doubtful that intelligence could involve such a large number of unique abilities,
Guilford’s atomistic view of intellect nonetheless has caused test developers to rethink and widen their
understanding of intelligence. Prior to Guilford’s contributions, most tests of intelligence required mainly
convergent production—the construction of a single correct answer to a stimulus situation. Guilford
raised the intriguing possibility that divergent production
(http://content.thuzelearning.com/hooks/Gregory.8055.17.1/sections/bm01#bm01gloss93)} —the creation of
numerous approepriate responses to a single stimulus situation—is also an essential element of
intelligent behavior. Thus, a question such as “List as many consequences as possible if clouds had
strings hanging down from them” (divergent production) might assess an aspect of intelligence not
measured by traditional tests.
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5.8 PLANNING, ATTENTION, SIMULTANEOUS, AND SUCCESSIVE (PASS)
THEORY

Some modern conceptions of intelligence owe a debt to the neuropsychological investigations of the
Russian psychologist Aleksandr Luria (1902-1977). Luria (1966
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1017) ) relied primarily
on individual case studies and clinical observations of brain-injured soldiers to arrive at a general theory
of cognitive processing. The heart of his theory is as follows:

Analysis shows that there is strong evidence for distinguishing two basic forms of integrative activity
of the cerebral cortex by which different aspects of the outside world may be reflected. ... The first
of these forms is the integration of the individual stimuli arriving in the brain into simultaneous, and
primarily spatial groups, and the second is the integration of individual stimuli arriving
consecutively in the brain into temporally organized, successive series. (Luria, 1966
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1017) )

Since this approach focuses upon the mechanics by which information is processed, it is often called an
information processing theory.

Luria (1970 (http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1018) )
proposed three functional units in the brain. Processing of information proceeds from lower units to
higher units. The first unit is found in subcortical areas including the brain stem, midbrain, and thalamus.
Attentional processes originate here, including selective attention and resistance to distraction. The
second unit consists of the rearward sensory portions of the cerebral cortex (parietal, temporal, and
occipital lobes). This large unit subserves the simultaneous and successive processes discussed later in
this chapter, These processes are to some extent lateralized, with simultaneous processing engaged more
with the right hemisphere, and successive processing connected more with the left hemisphere. However,
lateralization is relative, not absolute (Springer & Deutsch, 1997
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1542) ). The third unit is
located in the frontal lobes. This is primarily where planning occurs and also where motor output
initiates.

Naglieri and Das {1990 _
(http://content.thuzelearning.com/books/Gregory.8055.17.1/sections/bm02#bm02bib1212) , 2005) have
developed the Planning, Attention, Simultaneous, Successive (PASS) theory of intelligence as a modern
-extension of Luria’s work. Planning involves the selection, usage, and monitoring of effective solutions to
problems. Anticipation of consequences and use of feedback are essential. Planning also entails impulse
control. As noted, the frontal lobes are heavily engaged in this process