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Preface

In an era of increased focus on the evidence base that supports different
education practices, the second edition of this book integrates multiple
domains of scientific inquiry, practice, and policy involving learning
disabilities (LDs). Representing several disciplines in psychology,
neuroscience, genetics, and education, the book is an exposition and analysis
of the scientific research base that has accumulated over the past 50 years on
LDs, ranging from identification and assessment, to cognitive and
neurobiological factors, to intervention, and to translation of research into
practice and policy. The heart of the book is its focus on research in different
domains of LDs involving reading (word recognition and comprehension),
mathematics (calculations and problem solving), written language
(handwriting, spelling, and composition), and the more general problem of
automaticity. A clear link is made with what is known about the typical
development of these skills, the manifestation of these skills as LDs, and how
to support development of these skills via classroom instruction and specific
interventions.

An understanding of LDs must stem from a classification framework that
leads to definitions of and methods for identifying LDs that epitomize the
historically central construct of unexpected underachievement. Based on the
classification, specific LDs can be identified according to their core academic
deficits, instructional response, and consideration of other disorders and
contextual factors that impact treatment. This classification framework
provides the capacity for systematically studying the neurobiological and
environmental factors that produce LDs. Although the book’s main focus is
research, it also addresses practice and policy, with considerable attention



paid to assessment and intervention methods that have demonstrable efficacy
in each domain of LDs.

Our interest in writing the first edition of the book was stimulated in part
by recognition of the major changes in U.S. public policy involving education,
beginning with the focus on scientifically based instruction in the
reauthorization of the Elementary and Secondary Education Act (ESEA),
through the No Child Left Behind Act of 2001, and continuing with the 2004
Reauthorization of the Individuals with Disabilities Education Act (IDEA
2004). For the first time since the initial legislation supporting IDEA in 1975,
IDEA 2004 allows the U.S. public education system to examine new
approaches to identifying and treating LDs under the general rubric of
response-to-intervention (RTI) methods and specific expectations for
appropriate instruction in general education as a prerequisite to identifying
LDs as unexpected underachievement. In the second edition, we note the
continued expansion of layered approaches to service delivery as a multi-
tiered system of supports (MTSS) framework in the 2015 reauthorization of
the ESEA.

Although RTI methods can be used to help identify LDs, they are
complementary to the MTSS framework with the goal of enhancing
education outcomes for children through closer coordination between
general and special education and other entitlement programs. A frequently
asked question about these frameworks is whether the assessment and
intervention methods are sufficiently developed. We review much of this
research, identify gaps in the knowledge base, and conclude that, although
some issues require additional scientific inquiry, a substantial research base
exists and many of the issues regarding RTI methods and MTSS frameworks
represent not an absence of assessment and intervention tools, but rather the
need to scale them. In the second edition, scaling and implementing this body
of research looms even larger given the policy events of the past 10 years (see
Chapter 11). In the second edition, we have worked to make the intervention
components more accessible while preserving the focus on evidence-based
empirical research.

We hope this second edition facilitates the capacity of educators and
schools to identify sound tools for assessment and instruction and to
implement them in the service of better outcomes for students at risk for or



with identified LDs. We believe that the research incorporated in this book
shows that LDs are real, that the field does have a strong scientific basis, and
that the development of the field continues in a positive direction and will
continue to flourish. Most important, the robust instructional methods for
each of the specific LDs described in this book reflect the accumulation of
substantial scientific information on LDs that can be used to inform practice
and policy.

This second edition includes new chapters on the reality of LDs,
principles of intervention, the general problem of automaticity, and the
problem of scaling and translating research. It thoroughly updates the
research findings across multiple sources of scientific evidence. Particularly
impressive is the research base on intervention in the five major domains of
LDs proposed in our academic classification framework. The result is a single
volume that integrates research on classification and definition, cognitive
processing, neurobiological factors, and instruction.
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CHAPTER 1
T

Introduction

Since the federal designation of learning disabilities (LDs) as a
“handicapping condition” in 1968 in the United States, the proportion of
children identified with LDs increased steadily until the past decade. At its
peak, students with LDs represented almost one-half of all children receiving
special education services (U.S. Department of Education, 1999). But from
2002 to 2011, the number of children in special education with LDs declined
about 2% per year, or a total of 18%, although the number of students
identified for special education declined only 3% (National Center for
Learning Disabilities, 2014). These figures have stabilized through 2016 to
about 35% of children served in special education. Although autism and
“other health impaired” (OHI) are now the fastest growing eligibility
categories, partly because of the explicit inclusion of children with attention-
deficit/hyperactivity disorder (ADHD) in the OHI category, students with
LDs are still the largest group, representing about 4.6% of all students in the
U.S. public education system (National Center for Education Statistics, 2017).

While there was relatively little research on LDs at the time that the U.S.
federal special education legislation was initially enacted in 1975, significant
progress has been made in understanding and treating LDs involving reading,
mathematics, and written expression since then. As we noted in the first
edition of this book (Fletcher, Lyon, Fuchs, & Barnes, 2007), major advances
had been made in classification and definition issues, cognitive processes,
neurobiological correlates involving the brain and genetics, assessment



practices, and intervention. Lyon and Weiser (2013) provided additional
coverage of advances from 2007 to 2011, including an analysis of the scientific
quality of these advances. Much of this progress was in areas related to word
reading, or dyslexia (see Chapter 6), especially in younger children because of
a research emphasis on early identification and prevention.

Since 2007, the word-reading area has expanded across the lifespan and
considerable progress has been made in domains related to reading
comprehension, math, and written expression (Lyon & Weiser, 2013). The
advances in intervention are especially promising. Although research has
shown that reading and math disabilities are preventable in many children, it
is now apparent that there are both preventative and remedial interventions
in all the five domains of LDs reviewed later in this book (word reading,
reading comprehension, math computations, math problem solving, and
written expression). Service delivery models based on response to
intervention (RTI), now more generally termed “multitiered systems of
support” (MTSS), have emerged as schoolwide approaches to instruction and
intervention. These approaches are also sources of controversy, especially
when the identification of students with LDs is considered (Reynolds &
Shaywitz, 2009).

Knowledge about neurobiological factors underlying reading, math, and
writing disabilities has been consolidated and more is known about the
intrinsic link of genetic factors that put the brain at risk for LDs.
Environmental factors that provide the context through which LDs are
expressed, such as instruction and the home literacy and language
environment, can increase or reduce risk for these LDs. Knowledge of
neurobiological correlates is not to the point where it can or should affect
instruction, but is important for informing theory and understanding of LDs.
The impact on instruction, especially the need for explicit approaches for
children who are struggling, is very apparent when neuroscience research is
evaluated. The neural systems that mediate reading and math skills develop
through instruction and experience, which must be explicit for many children
if these systems are going to emerge.

In the first edition of this book, we observed that a comprehensive model
had emerged for word-level reading difficulties (dyslexia), the most common
LD, which is grounded in reading development theory and accounts for



neurobiological and environmental factors in addition to the effects of
intervention (Pennington, 2009; Elliott & Grigorenko, 2014). We reiterate
that the same theory of reading development that explains how children
acquire reading skills explains why some fail, unifying the research on LDs in
reading and the normative development of reading ability, and making
accounts of LDs more compelling. This appears true for other LDs. The
defining attributes of LDs (e.g., low achievement, inadequate instructional
response) appear normally distributed in the population and there is little
evidence of qualitative variation that would suggest categories, much less
where LDs begin in relation to typical development. Such decisions are often
resource-driven.

Despite this scientific progress, the construct of LDs and the many
definitions that serve as conceptual frameworks for their identification and
treatment continue to be misunderstood. The field continues to be plagued by
pervasive disagreements about the definition of LDs, diagnostic criteria,
assessment practices, treatment procedures, and educational policies. The
translation of scientific progress into classrooms remains difficult (Chapter
11), and anecdotes and older belief systems continue to prevail. If anything,
there is less emphasis on the use of science as a basis in 2018 than there was in
2007, a heady time for scientists investigating LDs.

WHY A SECOND EDITION?

In writing a second edition, we aimed to continue to integrate the disparate
sources of information into a more coherent account of LDs, beginning with
an evidence-based approach to definition and classification (Chapter 3) and
the implications of what we describe as a hybrid approach for assessment and
identification (Chapter 4). With an adequate classification, it becomes
possible to comprehensively discuss research on the nature, types, causes, and
treatment of LDs (Chapters 5-10), thus beginning to integrate science and
practice (Chapter 11).

This second edition also addresses the horizontal integration of
knowledge on LDs, providing less depth within different domains of
knowledge in favor of the connections across these domains and the
boundaries across disciplines. Because science has advanced, there is a need



to revise and update this account. In addition, because of the difficulties with
implementation of this scientific knowledge, we hope to provide a clearer set
of principles about how to implement scientific knowledge in relation to
instruction (Chapter 5), with an emphasis on examining the converging
evidence in support of different instructional practices in Chapters 6-10.
Instead of detailed, systematic reviews of the literature, we tried to focus even
more on general principles that have emerged and to provide more concrete,
practical guidelines to facilitate intervention. Hence, we have altered the book
by dropping the chapter on history with the exception of recent updates in
Chapter 2, which is a new chapter addressing issues related to the validity of
the LD construct. The history chapter from the first edition is available online
(see the box at the end of the table of contents). Thinking about the simple
question of whether LDs represent “real” entities is important as
policymakers among others struggle with resource issues and ideologies that
interfere with implementation of the intensive interventions needed by many
individuals with LDs. Chapter 3 is an updated chapter that focuses on
identification issues, illustrating how problems identifying individual people
with LDs underlie any attempt to categorize inherently normal distributions
(i.e., achievement, instructional response, cognitive functions) regardless of
the assessment method employed. In addition, Chapter 3 updates the
research on identification methods, specifically questioning the reliability and
validity of approaches that focus on assessment of students in isolation of
instructional response.

Chapter 4 updates assessment approaches, especially in the context of
MTSS methods of service delivery. For clarification, we will refer to RTI when
we discuss identification methods and to MTSS as a broader service delivery
model consistent with the reauthorization of the U.S. Elementary and
Secondary Education Act in 2015, also called the Every Student Succeeds Act
(www.ed.gov/esea). Chapter 5 is new, focusing on principles of instructional
design for people with LDs. Chapters 6-9 focus on LDs involving word
reading and spelling (dyslexia), specific reading comprehension, math
computations (dyscalculia) and problem solving, and written expression. All
four chapters have been extensively updated, reflecting the amount of
research on LDs in the past decade. Whenever possible, we refer to meta-
analyses (quantitative syntheses) of research and use individual studies to



illustrate interesting findings and effective interventions.

We no longer discuss reading fluency as a separate LD, but instead focus
on the more general issue of automaticity in reading, math, and writing in the
new Chapter 10. The final chapter (Chapter 11) discusses issues related to the
difficulties with implementation and scaling of scientific knowledge from
contemporary and historical perspectives, with an eye toward lessons learned
over the past decade.

AN OVERARCHING FRAMEWORK

Figure 1.1, which was introduced in the first edition, presents a framework for
understanding the different sources of variability that influence academic
outcomes in children with LDs. The framework encompasses three levels of
analysis that underlie an integrated account of LDs and is anchored in a
hypothetical classification of LDs based on variations in academic skills.
Evidence suggests five major prototypes of LDs involving word recognition
(and spelling), reading comprehension, mathematics computations,
mathematics problem solving, and written expression. These domains have
been selected both because of their prominence in current definitions of LDs,
and because most children and adults are identified as having LDs manifest
unexpected underachievement or atypical development in one or more of
these areas.
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FIGURE 1.1. Framework representing different sources of variability that influence academic
outcomes, the primary manifestations of the disability, in children with LDs.

For each LD, the primary manifestation of the disorder represents specific
academic skill deficits in the five domains of LDs. By referring to these
domains as “disabilities,” we use historically established language, but would
add that what makes LDs a disability rather than a disorder or a deviation
from normal development is (1) the severity of underachievement, which is
unexpected because the individual has not responded adequately to
instruction that is effective for most individuals; and (2) the evidence of
adaptive impairment, such as poor school achievement. Thus, disability
determination is always a two-pronged determination based on the existence
of a problem and evidence of adaptive impairment, the latter representing the
weakest part of most definitions of LDs (see Chapter 2).

The second level of analysis involves person-level characteristics,
including core cognitive processes (e.g., phonological awareness and
vocabulary) that are correlated with the academic skill deficits (e.g., word
recognition skills and reading comprehension) in addition to academic
strengths. Reading, math, and writing are also complex cognitive skills that
represent the manifestations of other cognitive skills, but separating academic
and core cognitive skills is useful for assessment and intervention purposes.



Academic strengths and weaknesses are also influenced by a second set of
person-level characteristics encompassed in the psychosocial domain, such as
motivation, social skills, and behavioral problems involving anxiety,
depression, and/or inattention that interfere with performance in academic
domains. The arrow between core cognitive processes and
behavioral/psychosocial factors is bidirectional because cognitive difficulties
can also lead to problems with, for example, attention and social skills, which
can in turn influence academic abilities. Neither type of person-level
characteristics (i.e., cognitive and behavioral/psychosocial factors) should be
considered diagnostic of LDs, although the psychosocial/contextual
component and the possibility of other co-occurring disorders must be
evaluated in order to plan intervention. The need to evaluate cognitive
characteristics in isolation of academic skills is controversial and we argue for
direct assessments of academic skills and psychosocial components because of
the absence of evidence that assessment of cognitive skills adds value to
intervention (Chapter 3) and the lack of evidence that interventions based on
cognitive skills generalize to academic skills (Fletcher & Miciak, 2017; Mann,
1979).

The third level of analysis involves neurobiological and environmental
factors. Neurobiological factors include genetic and neural sources of
variability that impact academic skill deficits either indirectly through their
influence on person-level characteristics or directly on attainment of the
academic skills. Environmental factors are contextual and include the social
and economic circumstances in which a person develops and functions, as
well as schooling influences, such as the quality of the school and different
interventions. The arrow linking neurobiological and environmental factors
is bidirectional, indicating the synergistic influence of these domains.
Although the idea that neurobiological factors lead to LDs is not new, it is
important to recognize that instruction and experience reorganize the neural
systems involved in LDs and influence the expression of biological factors. In
an integrated account of LDs, all three levels of analysis must be considered.
As in the first edition, we focus on the relations of academic skills with core
cognitive processes, neurobiological factors, and intervention.

Historically, research on LDs has emphasized the second (and third)
levels of the framework as opposed to the first level of analysis. Although



Figure 1.1 includes multiple levels of analysis, a strong classification is based
on a parsimonious set of markers that identify members into the different
parts of the classification. Our discussion of academic skill deficits attempts to
identify these markers, which should predict the cognitive and
neurobiological factors. There are important relations with the psychosocial
and environmental variables that are essential for understanding the impact
of intervention. Thus, adequate identification of valid markers and the
effectiveness of interventions require a focus on achievement, instructional
response, and other factors that impact the development of academic skills.
These latter factors are typically used to exclude people from LD
classifications. However, without a focus on these factors, many children will
be identified as LD for whom the explanation of the disability is poor
instruction and not unexpected underachievement.

The strengths and weaknesses in cognitive skills that some view as
essential to the nature of LDs (e.g., phonological awareness, working
memory) can be accounted for simply by assessing the achievement domains
(e.g., word recognition). Over the past decade, little evidence has emerged
showing that cognitive skill assessments contribute significant value-added
information to predictions of academic outcomes (Stuebing et al., 2015) or to
treatment planning (Kearns & Fuchs, 2013), although working memory and
oral language remain viable candidates (Peng & Fuchs, 2016; L. S. Fuchs et al,,
2014b). This does not mean that cognitive skills are not related to LDs or that
research might one day identify a role for assessment and intervention with
cognitive skills, but it has yet to emerge (Schneider & Kaufman, 2017).
Regardless, routine assessment of cognitive skills is not indicated, just as the
impressive research base on neuroimaging does not suggest a need for brain
scans of each child suspected of LDs. The neural correlates are predicted by
the tasks used to elicit brain activation (word reading, math calculation, etc.),
which should also predict the correlated cognitive processes, again
demonstrating the major role of levels of achievement in the prediction and
identification of LDs. The ability to make these predictions and simplify
classification, identification, and assessment processes signal the emergence
of an evidence-based approach for classifying LDs, with simple decision rules
focused on direct assessment of key academic skills that leads to the rapid
provision of effective interventions, which is the goal of identification.



From our perspective, the future of LDs is tied to the scientific process,
and the field must embrace the evolving process of scientific research and
move away from poorly verified clinical intuition and slick marketing in
order to provide a solid foundation for practice (Chapter 11). In many
respects, this is more of a problem today than in 2007 and we are concerned
that the field is regressing vis-a-vis a reemergence of reliance on untested
assumptions and superstition in identification, intervention, and remediation
practices. Clinical experience is a fertile ground for hypothesis generation, but
the inferences that emerge from experience must be empirically verified,
particularly in identification practices and intervention. The issue remains:
For whom do different factors converge to cause LDs, and how do different
components of intervention relate to the various expressions of LDs?

CAVEATS

This edition has similar caveats to the first edition. We present a particular
approach to understanding LDs, which is based on a classification with its
roots in academic achievement and which we use to account for the
heterogeneity of LDs. Academic deficits are necessary, but not sufficient, for a
classification of LDs. However, without achievement as an anchor, it is
difficult to validate the construct of LDs.

Accordingly, we do not review research on students broadly defined with
LDs when the specific form of academic impairment is not indicated, unless
that approach predominates in the instructional literature. In the absence of
this type of specification, the samples included in such studies are too
heterogeneous to determine valid relations with specific forms of LDs.
Likewise, we do not review research suggesting that LDs involving social or
executive functions should be separately identified because we do not feel that
such approaches to identification result in effective classifications of LDs.
Although we recognize that other approaches to defining “verbal” and
“nonverbal” LDs have represented major contributions to the field (e.g.,
Johnson & Myklebust, 1967; Rourke, 1989), we do not explicitly organize our
approach around this dichotomy for definition and classification. The reader
is encouraged to examine these approaches, such as the approach to the
definition of “verbal” and “nonverbal” LDs developed by Rourke and



colleagues (see www.nld-bprourke.ca/index.html) and addressed most recently
by Cornoldi, Mammarella, and Fine (2016). There are major issues regarding
the hypothesis of nonverbal LDs (Pennington, 2009; Spreen, 2011). These
include specific diagnostic criteria, the fact that academic problems are not
considered a defining characteristic, whether the characteristics are better
accounted for by classifications stemming from ADHD or autism spectrum
disorder, and the role of social skills. Etiological hypotheses involving
differences in hemispheric distribution of white matter or problems involving
the right hemisphere have not found consistent support. Renaming nonverbal
LDs as right-hemisphere LDs or as visuospatial LDs seems to confuse the
behavioral description with hypotheses about etiology. More research would
be useful, but it is not a focus of our book and does not fit into our framework
for understanding LDs.

Given the enormous volume and complexity of the literature on topics
associated with treatment of and instruction for LDs, our review of relevant
research is selective rather than exhaustive. It was not possible to
systematically address research related to ADHD or to social and emotional
difficulties—areas of development that are clearly problematic for many
students with LDs. These influences are usually comorbid, representing
frequently co-occurring difficulties as opposed to qualitatively disparate
disorders. In terms of Figure 1.1, we do not provide an extensive discussion of
the psychosocial and behavioral factors or a broad assessment of
environmental factors (e.g., poverty) that impact the development of children
with LDs (for a review, see Phillips & Lonigan, 2005). This is partly because
there is little evidence that the phenotypic manifestations of academic
difficulties vary by putative cause. We focus instead on intervention.

In our analysis of the literature, most psychosocial and environmental
influences contribute to the severity of academic achievement problems, but
do not produce qualitative variation; hence the importance of instructional
response in operationalizing unexpected underachievement. Although
various theoretical and conceptual models related to treatment are implicit in
our review of interventions, as are specific intervention methods, we do not
view the work emanating from these different sources and perspectives as
necessarily contradictory and do not discuss these models in detail. Rather,
thoughtful integration of these models is resulting in more efficacious



interventions for individuals with different types of LDs. Academic therapies
that involve substantial exposure to reading, mathematics, and writing are
most effective; other approaches to interventions that teach cognitive or
motor processes, train the brain, or focus on aspects of the disorder (e.g.,
vision) that are not directly tied to the academic skill do not result in
improved outcomes for students with LDs. Further, the literature is replete
with claims for instructional and treatment methods that are based on
subjective, nonreplicated clinical reports, testimonial information, and
anecdotal statements on groups broadly defined with LDs. We have limited
our discussion to empirical research.

Finally, we attempted to review research conducted internationally, but
our focus on history and policy is narrowly focused on the U.S. We do not
have sufficient access to policy formulations in other countries and
sometimes lack access to the many excellent studies completed by our
international colleagues, especially in the intervention area.

Even with these stipulations, the range of research covered in this book is
broad, and there is wide variation in the quality of the studies and syntheses
we have selected for discussion. We generally tried to select the strongest
possible studies and syntheses for review. As we show in Chapter 2, the
scientific basis for LDs continues to evolve and has expanded since the first
edition of this book in 2007. LDs are unique among developmental disorders
not only in the dramatic growth of knowledge across different domains, but
also in the extent of vertical, cross-disciplinary integration that has occurred,
especially for word-level disorders (Elliott & Grigorenko, 2014; Lyon &
Weiser, 2013; Shavelson & Towne, 2002). In the future, we believe that this
type of cross-disciplinary integration is essential to the development of a
comprehensive model encompassing all forms of LDs, and we offer this
second edition in anticipation of continued development of an integrated
understanding of LDs.



CHAPTER 2
T

Are Learning Disabllities Real?

Constructs like LDs are often questioned because there is no “gold
standard” indicating what is or is not an LD. Indeed, a recent book (Elliot &
Grigorenko, 2014) was entitled The Dyslexia Debate and was widely
interpreted as suggesting that dyslexia does not exist. In a similar vein, LDs
are often characterized as “mild” disabilities, and some question whether LDs
are in fact conditions that meet criteria for a disability. The description of
“mild” is difficult to reconcile with the adaptive consequences of being a poor
reader or of having inadequate mathematics skills in our society. In this
chapter, we provide an affirming “yes” to the question of whether LDs
represent a “real” construct. We also provide a conceptual framework for
understanding disorders like LDs, where the defining attributes exist along a
continuum and are noncategorical (i.e., dimensional), unlike medical
conditions like mumps and measles or life and death (Ellis, 1984).

We believe the evidence supports the validity of the construct of LDs, and
that it has evolved as a scientific construct with an evidence base that should
guide practice. We acknowledge that this evidence base is often not used as a
basis for decision making in education, but argue that it should be used,
especially in translating science into practice (see Chapter 11). Presently
many approaches to identifying and treating LDs are not strongly evidence-
based but have their roots in historical conceptions, anecdotes, unsystematic
observation, and approaches for which the evidence base has been studied
and found inadequate. The lack of attention to empirical evidence has



hampered the field, much to the detriment of the children and adults with
these types of academically based disabilities.

Most questions about whether LDs exist actually address uncertainty
about how to define them. The ensuing controversy about definition is
misconstrued as an argument about whether LDs represent true disabilities.
To reiterate, there is no gold standard for any definition of LD, which is also
the case for many other “disorders,” such as ADHD, obesity, or hypertension
(Ellis, 1984; Hinshaw & Scheffler, 2014). Rather, we use different types of
measures to “indicate” the construct of LD. As we discuss in Chapter 3, these
measures have inherent unreliability when it comes to identifying the extent
to which a person displays the indicators of the construct, which occur on a
continuum of severity. This does not mean that the indicators are not real or
that the construct is not real; obesity and hypertension, which like LD rely on
indicators that occur on a continuum of severity, are also real (Ellis, 1984). It
simply means that valid measurement is nonnegotiable and essential.

Elliott and Grigorenko (2014) attracted considerable media attention for
putatively questioning whether dyslexia existed. In fact, even a cursory
reading shows that the authors did not really question whether dyslexia
existed. Rather, they questioned whether the ferm had any specific utility
because “dyslexia” was used in so many different ways and proposed purposes
that the label was questionably meaningful, a longtime issue in the field. In
particular, Elliott and Grigorenko noted that there was little indication that
providing the label of “dyslexia” was associated with specific approaches to
intervention. In Chapter 6, we suggest that many children with word-level
reading difficulties benefit from interventions targeted at their specific
reading and spelling weaknesses, regardless of whether the dyslexia term is or
should be applied to the child. Our recommendation is that the use of the
term “dyslexia” be referenced (in part) to the nature of the academic
difficulties, a conspicuous problem in reading and spelling isolated words.
This approach can reduce confusion of what to do when children have word-
level difficulties (see Chapter 6), which is more important than the label.

The issue of whether LDs exist can be empirically addressed. In this
chapter, we do so by providing a brief historical context to help explain why
there is confusion—individuals with LDs are phenotypically heterogeneous,
meaning that what people see is a blend of academic and behavioral



difficulties that are variable. We discuss critical issues related to the construct
of LDs, including the idea of LDs as an unobservable construct that are only
identified by how they are measured; the measured attributes are dimensions
that vary normally in the population (like weight and blood pressure) and
become a problem with adaptation when they are on the extreme end of the
distribution. They are heritable, have a basis in brain structure and function,
and need intervention when the condition interferes with some form of
adaptation. We then discuss evidence of the evolution of LDs as a scientific
concept with a firm but changing evidence base that can guide research and
practice.

HISTORICAL PERSPECTIVES AND U.S. PUBLIC
POLICY

There are many reviews of the history of the concept of LDs (e.g., Doris,
1993), including Chapter 2 in the previous edition of this book (Fletcher et al.,
2007; see the box at the end of the table of contents).

LDs originated in the concept of intrinsic behavior problems that
originated in the brain, not the environment. These notions gave rise to the
concept of minimal brain injury (Strauss & Lehtinen, 1947) and minimal
brain dysfunction (MBD) in the 1960s (Clements, 1966). With the advent of
DSM-IIT (American Psychiatric Association, 1980), the concept of MBD
largely disappeared because the group identified with MBD was extremely
heterogeneous. Instead, academic skills disorders and ADHD were separately
defined, thus separating LDs and behavior disorders. Kirk (1963) and his
colleagues formally introduced LDs as an educational entity. The essential
tenets were that children with LDs (1) demonstrated learning difficulties that
were “unexpected” given the children’s strengths in other areas; (2) had
different learning characteristics than children diagnosed with intellectual
disabilities or emotional disturbance; (3) manifested learning characteristics
that resulted from intrinsic (i.e., neurobiological) rather than environmental
factors; and (4) required specialized educational interventions. No mention
was made of intelligence, just of the absence of intellectual disability.

As with MBD, definitions of LD and dyslexia were difficult to
operationalize and typically led to groups that were extremely heterogeneous



(Benton, 1975). The definitions specified no inclusionary criteria and were
largely definitions by exclusion (Rutter, 1982). Genetic, cognitive
neuroscience, and intervention research made little progress, partly because
of the heterogeneity of the groups and the variation in selection criteria across
labs (Doehring, 1978).

Why Are LDs Difficult to Define?

Three major issues make LDs difficult to define. As we noted in the first
edition (Fletcher et al., 2007), LD represents an unobservable latent construct
that does not exist apart from attempts to measure it. As such, LD has the
same status as other unobservable constructs, such as IQ, achievement, or
ADHD. The second involves the dimensional nature of LDs (i.e., the
attributes representing LDs exist on a continuum and do not represent
discrete categories; Ellis, 1984). The third issue is the problem of comorbidity
with other developmental disorders (Pennington, 2009).

LDs Are an Unobservable Construct

LDs are a latent construct and not directly observable. Identification of a
group of children whose academic underachievement is unexpected
historically required ensuring the absence of other circumstances known to
produce low achievement (sensory disorder, mental retardation, emotional
disturbances, economic disadvantage, linguistic diversity, inadequate
instruction), which leaves a very heterogeneous group. To remedy this
problem, many efforts at definition and identification have been attempts to
measure the attributes of unexpected underachievement, which epitomizes the
LD construct. The primary approach to identification has been through
cognitive discrepancy models in which the measurement of unevenness in
academic or cognitive development is a marker for the “unexpectedness” of
LDs, along with the exclusion of other causes of underachievement that
would be “expected” to produce underachievement. Thus, children must be
tested to identify discrepancies that would indicate unexpectedness and the
latent construct of LDs.



A general problem that emerges with any form of testing is that the
measures are imperfect indicators of the underlying construct. This is a
problem with any approach to identification of LDs that involves
psychometric tests. If different tests are used, different people will be
identified with LDs because of differences in how the constructs are
operationalized in the tests. This problem is magnified by slight amounts of
unreliability in the measurements of the key academic, cognitive, and
instructional attributes (see Chapter 3). We can observe what is measured,
such as reading, math, cognitive processes, or instructional response. Each of
these observable measures is intended to indicate, albeit imperfectly, the
latent construct of LDs. The measurement is imperfect because no single
measure captures all the components of the construct and each measurement
contains a certain amount of error. The critical issue is the effect of these
imperfect measurements on the reliability and validity of the overarching
classification that is the basis for identifying LDs.

The Attributes of LDs Are Dimensional

The second issue is the dimensional nature of the attributes of LDs. As we
observed above, most of the research on LDs, particularly that affecting
reading, shows that the defining attributes occur along a continuum of
severity rather than presenting as an explicit dichotomous category delineated
by clear cut points on the achievement distribution. Indeed, the psychometric
markers of LDs, such as achievement test scores, appear normally distributed
in most population-based studies (Lewis, Hitch, & Walker, 1994; Rodgers,
1983; Shalev, Auerbach, Manor, & Gross-Tsur, 2000; S. E. Shaywitz, Escobar,
B. A. Shaywitz, Fletcher, & Makuch, 1992; Silva, McGee, & Williams, 1985).
This conclusion is not without controversy. Some studies of children with
LDs in reading have suggested that the distribution of achievement test scores
is not normal and have identified a natural cut point where a separate
distribution of nondyslexic poor readers can be identified (Miles & Haslum,
1986; Rutter & Yule, 1975; Wood & Grigorenko, 2001). In the studies
summarized by Rutter and Yule (1975), the separate distribution, or “hump,”
has been attributed to an inadequate ceiling on the reading test (van der
Wissell & Zegers, 1985) and to the inclusion of a large number of children



with brain injuries who had IQ scores in the intellectually deficient range
(Fletcher et al., 1994). However, most of the research generated surrounding
the distribution of achievement scores in samples with LDs supports
Stanovich’s (1988) contention that people with LDs fall along a spectrum of
impairment, that is, students with severe LDs do not differ qualitatively from
students who land at the milder end of the spectrum. Findings supporting the
dimensional nature of LDs are consistent with studies applying methods from
behavioral genetics, which have not identified qualitatively different genetic
constellations associated with the heritability of reading and math disorders
(Fisher & DeFries, 2002; Grigorenko, 2005; Plomin & Kovas, 2005). As these
are dimensional traits that exist on a continuum, there would be no
expectation of natural cut points that differentiate individuals with LDs from
those who are underachievers, but not identified with LDs; the distribution is
simply a continuum of severity (S. E. Shaywitz et al., 1992).

If we evaluated the average performances of groups with and without LDs,
as is done in empirical research, the dimensional nature of LDs (and the
imperfection of measurements of the construct) would not be a major
problem because the errors of measurement would be reflected in the
variability around the mean. However, in public policy and educational
applications it is necessary to identify individuals who have or do not have
LDs. We rarely talk of degrees of LDs except in terms of severity, which is also
a dimensional concept. The need to identify individuals for access to
resources makes it necessary to categorize inherently normal distributions.
Even with this need, the potential unreliability associated with these decisions
must be recognized.

Comorbidity

Comorbidity refers to the co-occurrence of the attributes of two different
disorders in the same person. It is well known that many children with
dyslexia also have problems with math and/or ADHD. Sometimes they have
accompanying speech and language disorders (Pennington & Bishop, 2009).
In these instances, it is usually not the case that one problem causes another,
although they may be linked. Rather, the individual actually meets diagnostic
criteria for more than one disorder.



In retrospect, people who formulated early concepts of MBD were
struggling with the fact that children with problems in reading or behavior
often had overlapping difficulties. They also showed variable differences on
cognitive, motor, and perceptual tasks that are still identified as special or
pathognomic signs of LDs and targets for treatment, despite decades of
evidence disputing whether LDs have any pathognomic signs and even
clearer evidence that treating problems with perception, motor coordination,
left-right reversals, and other “special signs” do not lead to improvement in
academic skills (Mann, 1979) or ADHD behavior (Nigg, 2009; Hinshaw &
Scheftler, 2014).

Exact determinations of comorbidity of LDs with other disorders vary
considerably across studies and are ultimately arbitrary because any
prevalence estimates depend on where the cut point is set for identification of
the disorder. A major determinant is whether the individual is identified in
the schools or in a clinic; the latter is associated with much higher rates of
comorbidity diagnoses. However, estimates are that approximately 4-5% of
the population experience comorbid word-level reading disability (RD) and
ADHD (Carroll, Maughan, Goodman, & Meltzer, 2005; Pastor & Reuben,
2008), so that 25-50% of children identified as having word-level RD are also
identified with LD (Pennington, 2009). About 20% of children with ADHD
are identified with an RD and likely even more with math and writing
problems, but these estimates are not reliably available (Carroll et al., 2005).
Altogether, children with RDs are about four times more likely to present
with ADHD behavior than children without an RD (Carroll et al., 2005). In
many children, it is inattention rather than hyperactive-impulsive behavior
that accounts for the common link with RD (Willcutt et al., 2010a; 2010b),
although this is hardly an exclusive association. In terms of math and written
expression, most people with reading problems also have writing problems;
estimates of the co-occurrence of reading and math disability range from 30
to 70%, presumably because of shared cognitive liabilities (Willcutt et al.,
2013).

Some researchers trying to understand comorbid relations of reading LDs
and ADHD created an early framework suggesting that poor attention caused
poor reading (Stanovich, 1986). Another early alternative hypothesized that
poor reading leads to poor attention due to inability to fully engage in the



classroom (Hinshaw, 1992). However, most of the current research is
consistent with a correlated liabilities hypothesis, which predicts that some
attributes are associated with ADHD and LDs in isolation, but that the
different disorders share common weaknesses (Willcutt et al., 2010b).
Interestingly, two recent reading intervention studies found that treatment
for reading problems directly leads to improved reading, which in turn leads
to improved teacher ratings of attention (Roberts et al., 2015; Miller et al.,
2014). The hypothesis that inattention causes poor reading would predict that
the reading intervention would have little effect on attention or that an
intervention that improved reading would need to directly target attention
skills, which in turn would affect reading. The intervention results described
above do not support these predictions, finding instead that attention and
reading improved in tandem.

More direct support for the correlated liabilities hypothesis comes from
studies comparing cognitive performance in RD, math disability, and ADHD.
Figure 2.1 compares cognitive processes in children impaired in word
recognition with and without ADHD, showing that the two types of disorders
are distinct and separable (Pennington et al., 2009; Willcutt et al., 2013;
Wood, Felton, Flowers, & Naylor, 1991). LDs involving word recognition are
consistently associated with deficits in phonological awareness regardless of
the presence or absence of ADHD, whereas the effects of ADHD on cognitive
functioning are variable, with primary deficits noted in processing speed,
working memory, and other executive functions (Barkley, 2015; Pennington
et al., 2009). Furthermore, ADHD appears relatively unrelated to
phonological awareness tasks (Pennington, 2009). A child who meets the
criteria for both an LD in reading and ADHD shows characteristics of both,
but the impairments are more severe than those of a child with only one of
the two disorders. This suggests that certain skills are impaired both by LD
and by ADHD, so that when both disorders are present, these skills are
doubly weakened. What these subgroups share most often are difficulties in
processing speed for symbolic material (e.g., McGrath et al., 2011).
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FIGURE 2.1. Profiles of cognitive performance by children with only reading disability (RD), only
attention-deficit/hyperactivity disorder (ADHD), both RD and ADHD (RD + ADHD), and typically
achieving children (NL). ADHD results in more severe RD, but the shape differences are not significant
between the two reading-impaired groups. From Fletcher (2005, p. 310). Copyright © 2005 PRO-ED.
Reprinted by permission.

In studies examining the comorbidity of math disabilities and ADHD (see
Figure 2.2), the groups overlap more than groups with RDs and ADHD. This
likely reflects the role of executive functions (strategy use, procedural
learning) and working memory in both math disabilities and ADHD. The
behavioral phenotypes of the disorders share deficits in working memory,
processing speed, and verbal comprehension, but each disorder also has
unique correlates (Willcutt et al., 2013). The disorders are separable on
dimensions involving attention and behavior, with individuals who meet
criteria for both disorders showing characteristics of both disorders. When
children are identified with written language difficulties, ADHD is common



(Barkley, 2015), as are word-level reading problems. In most instances, these
appear to be comorbid associations; a child with disabilities involving ADHD
and a domain-specific LD appears like a child with ADHD through the
behavioral lens, and like a child with LDs through the cognitive lens.
However, when both lenses are considered simultaneously, the cognitive and
academic deficits invariably appear more severe than the behavioral ones

(Figures 2.1 and 2.2).
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FIGURE 2.2. Profiles of cognitive performance by children with only math disability (MD), only
attention-deficit/hyperactivity disorder (ADHD), both MD and ADHD (MD + ADHD), and typically
achieving children (NL). ADHD results in more severe MD, but shape differences are not significant
between the two math-impaired groups. From Fletcher (2005, p. 311). Copyright © 2005 PRO-ED.
Reprinted by permission.

In a large study, Willcutt et al. (2013) compared cognitive performance in
groups defined with only RD, only math disability, both an RD and a math



disability, and a non-LD comparison group. All groups defined with LDs
performed lower than the comparison group on most measures, with greater
impairment in the group with both a reading and a math disability.
Weaknesses in processing speed, working memory, and language
comprehension were shared across all groups with LDs. However, the group
with only a reading LD had weaknesses in phonological awareness and rapid
naming. In contrast, only problems with set shifting were uniquely associated
with math LDs. In another study making the same comparisons, Cirino,
Fuchs, Elias, Powell, and Schumacher (2015) found that the group with both
reading LD and math LD had the same weaknesses as the group with only
reading or math LD, but they were more severe. Moll, Gobel, and Snowling
(2015) compared verbal, visual-verbal, and visual number processing in
children with only reading LD, only math LD, both reading and math LD,
and typically developing children. Children with only RD were impaired only
on verbal number tasks; children with only math LD were impaired across
number tasks; and children with comorbid reading and math LD had deficits
characteristic of both the other groups. They suggested that number
processing in reading LD represented a phonological deficit, while math LD
was associated with a more basic numerosity problem. These results support
the correlated liabilities model of comorbidity because reading and math LDs
have unique correlates, but share cognitive difficulties with processing speed,
working memory, and language comprehension.

A final source of understanding of comorbidity comes from behavioral
genetics research. These studies, which cut across potential domains of
comorbidity, show that there are shared and unique genetic influences on the
heritability of reading, math, and attention disorders. The shared influences
have been articulated in the continuity hypothesis (Plomin & Kovas, 2005),
which indicates that different characteristics of LDs and ADHD are
associated with some of the same “generalist” genes: (1) the same genes
influence high and low levels of academic abilities; (2) many of the genes
associated with one aspect of LDs (e.g., phonological processing) also
influence other aspects of this LD (e.g., vocabulary); and (3) some of the genes
that influence one LD (e.g., RD) overlap with those that influence other LDs
(e.g., mathematics disability) and ADHD.

We discuss these genetic issues in more detail in Chapter 6. It is important



to remember that these correlates represent dimensional attributes of these
domains and are correlated. The key to dealing with comorbidity in research
and practice is to ensure that individuals are broadly assessed across domains
so that the shared and unique components of academic and behavioral
domains can be specified, especially if the goal is to develop an effective
intervention program.

U.S. Public Policy

The difficulties with classification and definition have made policy
formulations more difficult. Whereas researchers struggle with these
fundamental issues, policymakers want approaches that are not complex and
serve as vehicles for supporting services and allocating resources. It is
interesting to examine U.S. public policy as it has evolved over the past 40
years to reflect the complexity of LDs.

Statutory Definition

Despite problems with definitions, through advocacy the concepts underlying
emerging frameworks for LDs were eventually represented in U.S. public
policy in 1968, forming what is still the current statutory definition of LDs in
special education legislation with the adoption of Public Law 94-142
(Education of All Handicapped Children Act) in 1975:

The term “specific learning disability” means a disorder in one or more of the basic
psychological processes involved in understanding or in using language, spoken or written,
which may manifest itself in an imperfect ability to listen, speak, read, write, spell, or to do
mathematical calculations. The term includes such conditions as perceptual handicaps, brain
injury, minimal brain dysfunction, dyslexia, and developmental aphasia. The term does not
include children who have learning disabilities, which are primarily the result of visual,
hearing, or motor handicaps, or mental retardation, or emotional disturbance, or of
environmental, cultural, or economic disadvantage. (U.S. Office of Education, 1968, p. 34)

Regulatory Definition

The statutory definition did not provide criteria for defining LDs as an entity.



In 1977, the U.S. Office of Education (now the U.S. Department of
Education) provided the first regulatory definition of LDs, which was
remarkable because it moved the underlying classification model from a
neurological framework focusing on special signs indicative of presumed
neurological dysfunction (e.g., perceptual-motor problems, letter and
number reversals) to a psychometric framework focusing on cognitive
discrepancies:

[A child must exhibit] severe discrepancy between achievement and intellectual ability in one
or more of the areas: (1) oral expression; (2) listening comprehension; (3) written expression;
(4) basic reading skill; (5) reading comprehension; (6) mathematics calculation; or (7)
mathematic reasoning. The child may not be identified as having a specific learning disability
if the discrepancy between ability and achievement is primarily the result of: (1) a visual,
hearing, or motor handicap; (2) mental retardation; (3) emotional disturbance; or (4)
environmental, cultural, or economic disadvantage. (U.S. Office of Education, 1977, p.
G1082)

The use of IQ-achievement discrepancy as an inclusionary marker for
LDs had a profound impact on how LDs were conceptualized. There was
some research at the time validating an IQ-achievement discrepancy method
(Rutter & Yule, 1975), but these findings have not stood up over time (see
Chapter 3). However, researchers, practitioners, and the public continued to
assume that such a discrepancy was a marker for specific types of LDs that
were unexpected and categorically distinct from other forms of
underachievement. The impact of IQ-achievement discrepancy was clearly
apparent in the regulations concerning LD identification in the 1992 and
1997 reauthorizations of the Individuals with Disabilities Education Act
(IDEA), the name of the general special education statute that followed in
subsequent reauthorizations of Public Law 94-142. The statute maintained
the definition of LDs formulated in the 1968 legislation, and the regulations
maintained the 1977 procedures until the 2004 reauthorization of IDEA.

IDEA 2004

In the most recent revision of IDEA (U.S. Department of Education, 2004),
the regulatory definition of LDs was revised for the first time in 40 years. This
occurred because the U.S. Congress passed statutes that permitted alterations
of the 1977 regulations, indicating specifically that (1) states could not require



districts to use IQ tests for the identification of students for special education
in the LDs category, and (2) states had to permit districts to implement
identification models that incorporated response to scientifically based
instruction. In addition, the statute indicated that children could not be
identified for special education if poor achievement was due to lack of
appropriate instruction in reading or math, or to limited proficiency in
English:

A State must adopt . . . criteria for determining whether a child has a specific learning
disability. . . . In addition, the criteria adopted by the State:

® Must not require the use of a severe discrepancy between intellectual ability and
achievement for determining whether a child has a specific learning
disability. . . .

® Must permit the use of a process based on the child’s response to scientific,
research-based intervention; and

® May permit the use of other alternative research-based procedures for
determining whether a child has a specific learning disability. (U.S. Department
of Education, 2006, p. 46786)

In response to the statute, the Office of Special Education and
Rehabilitative Services (OSERS) within the U.S. Department of Education
(2006) published federal regulations for the revision of rules for the
identification of LDs. The revision was partly a response to the converging
scientific evidence bearing on the limited value of IQ-achievement
discrepancies in identifying LDs (see Chapter 3). At the same time, it
underscored the value of RTI in the identification process, formally
operationalizing the assessment of instructional quality and the student’s
response as one part of the identification process. These components
effectively shifted the concept of unexpected underachievement from a
cognitive discrepancy to an instructional discrepancy, although approaches
based on cognitive discrepancies are still permitted despite lack of evidence of
their validity (Chapter 3). This summary is from the 2006 regulations:

A child has a specific learning disability . . . if:

® The child does not achieve adequately for the child’s age or meet State-
approved grade-level standards in one or more of the following areas, when
provided with learning experiences and instruction appropriate for the child’s
age or State-approved grade-level standards: Oral expression. Listening
comprehension, Written expression, Basic reading skills, Reading fluency skills,



Reading comprehension, Mathematics calculation, Mathematics problem-
solving; or

® The child does not make sufficient progress to meet age or State-approved
grade-level standards in one or more of the areas identified in 34 CFR
300.309(a)(1) when using a process based on the child’s response to scientific,
research-based intervention; or the child exhibits a pattern of strengths and
weaknesses in performance, achievement, or both, relative to age, State-
approved grade-level standards, or intellectual development, that is determined
by the group to be relevant to the identification of a specific learning disability,
using appropriate assessments . . . and the group determines that its findings . . .
are not primarily the result of: A visual, hearing, or motor disability; Mental
retardation; Emotional disturbance; Cultural factors; Environmental or
economic disadvantage; or Limited English proficiency.

To ensure that underachievement in a child suspected of having a specific learning
disability is not due to lack of appropriate instruction in reading or math, the group must
consider, as part of the evaluation . . . :

® Data that demonstrate that prior to, or as a part of, the referral process, the
child was provided appropriate instruction in regular education settings,
delivered by qualified personnel; and

® Data-based documentation of repeated assessments of achievement at
reasonable intervals, reflecting formal assessment of student progress during
instruction, which was provided to the child’s parents. (U.S Department of
Education, 2006, pp. 46786-46787)

Although a number of advocacy and practitioner groups have questioned
specific provisions of the regulations, what is encouraging is that most of
these groups acknowledged the critical importance of using research to guide
policies and practices concerning students with LDs, which is clearly reflected
in the IDEA 2004 statutes and 2006 regulations. Equally significant in the new
statute and regulations is the more explicit recognition that LDs should not
be identified in the absence of evidence of appropriate instruction. Thus, the
IDEA 2004 statute moved toward the accumulating research base on LDs by
reducing the focus on IQ tests and emphasizing the critical role of instruction
both for preventing LDs and for their identification.

DSM-5

DSM-5, the latest edition of the Diagnostic and Statistical Manual of Mental
Disorders (American Psychiatric Association, 2013a; see Tannock, 2013, for a
summary of changes affecting LDs and ADHD), continues this emphasis and



change in conceptual frameworks:

Specific learning disorder is diagnosed through a clinical review of the individual’s
developmental, medical, educational, and family history, reports of test scores and teacher
observations, and response to academic interventions. The diagnosis requires persistent
difficulties in reading, writing, arithmetic, or mathematical reasoning skills during formal
years of schooling. Symptoms may include inaccurate or slow and effortful reading, poor
written expression that lacks clarity, difficulties remembering number facts, or inaccurate
mathematical reasoning.

Current academic skills must be well below the average range of scores in culturally and
linguistically appropriate tests of reading, writing, or mathematics. The individual’s
difficulties must not be better explained by developmental, neurological, sensory (vision or
hearing), or motor disorders and must significantly interfere with academic achievement,
occupational performance, or activities of daily living. (American Psychiatric Association,
2013b)

DSM-5 explicitly recognizes that the attributes of LD (and ADHD) are on
a continuum, but maintains an approach that is essentially categorical. The
use of IQ-achievement discrepancy criteria were explicitly rejected because of
lack of evidence of validity, although a threshold for low IQ is recommended
to differentiate LD from an intellectual disability (essentially an IQ score
greater than two standard deviations below the mean). DSM-5 has a category
for communication disorders, into which it placed difficulties with speaking
and listening. This is different from the U.S. IDEA definition of LD (see
above), and appropriate because such disorders should be covered under
“specific language impairment” (SLI) in IDEA. Although there is some
overlap between SLI and learning disabilities, it is far from complete (Bishop
& Snowling, 2004).

DSM-5 identified different types of LD in reading (word-reading
accuracy, reading fluency, and reading comprehension), written language
(spelling accuracy, grammar and punctuation accuracy, organization of
written expression), and mathematics (basic number sense, accuracy and
fluency in recalling number facts, calculation accuracy and fluency, and math
reasoning). Within these categories of academic skills deficits, there are four
primary criteria for identification: (1) persistence despite the provision of
adequate treatment for at least 6 months; (2) low achievement, with scores
below the mean for age on a norm-referenced academic achievement test
(with no specified threshold, although recommendations for a range of at
least one to one and a half standard deviations are implied); (3) age of onset,



with the problem manifesting during early years of schooling; and (4)
exclusions of cases in which there is evidence that another condition (e.g.,
intellectual disability, sensory problem, other mental or neurological disorder,
psychosocial adversity, lack of educational opportunity) provides a better
explanation for the presence of persistent low achievement.

Some of the controversy about DSM-5 involved its failure to use the term
“dyslexia,” although by covering problems with the accuracy and fluency of
single word-reading skills, it addresses dyslexia in all but name. Altogether,
DSM-5 is more strongly aligned with current scientific evidence than
previous formal definitions.

Summary: Historical Perspectives

U.S. public policy has evolved to reflect the current state of LD research,
especially in the 2004 reauthorization of IDEA and DSM-5. In contrast with
earlier attempts at describing LDs, these recent definitions are more tightly
aligned with empirical findings, removing exclusive reliance on IQ-
achievement discrepancy methods. In addition, these definitions recognize
that there is heterogeneity in the academic presentations of LDs, manifesting
in subgroups of LDs. Finally, the definitions are more explicit about links
with intervention response.

THE REALITY OF LDs

It may seem odd to address an issue like the reality of LDs. However, it is an
issue that has always been raised, usually by referring to them as “mild”
disabilities or simply referring to people who struggle because of LDs “lazy”
or “unmotivated,” or by suggesting that someone with an LD has to be at the
bottom of the achievement distribution. There are three sources of data that
specifically address whether LDs are real. The first, which should be a focus of
more research, is the impact of LDs on adaptation. The second source is
classification research (see Chapter 3), which treats LDs as a hypothetical
construct that is operationalized and then validated. The third is whether the
construct has generated an empirical base of research.



Do LDs Interfere with Adaptation?

Education policy requires that in order for a problem with academic skills to
be eligible for special education, there must be evidence of “educational
need.” This criterion typically means that the person has poor grades, can’t
pass state accountability tests, and generally needs accommodations or
interventions that extend beyond what can be provided in general education.
Consensus-based classifications like DSM-5 also require evidence that the
academic problem leads to adaptive impairment with grades, social functions,
or other domains. There is clear evidence that LDs interfere with adaptation
on both short-term and long-term bases. In an ideal world, we would use
information on adaptation to help set thresholds for issues like identification
and intervention intensity. However, insufficient focus on long-term
academic outcomes in relation to adaptation at school, home, and society
(vocational success, social adjustment) is a limitation of research on LDs.

When adaptation is examined, it is clear that identification with LDs is
associated with impairments in multiple domains. Figure 2.3 is based on data
from Willcutt et al. (2007) and compares a group of typically developing
students with groups of students with word-level reading disability, ADHD,
and both ADHD and RD on a variety of adaptation-related outcomes: rates of
student retention, school- and parent-identified academic impairment,
evidence of social and/or occupational impairment, and involvement with the
juvenile justice system. The participants were 8- to 18-year-olds when
originally recruited for a longitudinal study in which all twin pairs in the
Colorado Range region were asked for permission to review their records. If
there was evidence of a reading problem, both twins were recruited and
assessed in multiple domains.
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FIGURE 2.3. Academic impairment and social outcomes in groups with RD, ADHD, and RD +
ADHD. Adapted from Willcutt et al. (2007). Courtesy Eric Willcutt.

The data presented in Figure 2.3 are from a 5-year follow-up of a portion
of this large sample. All three groups with RD and/or ADHD show
significantly higher rates of impaired adaptation than the comparison group,
with the group with both RD and ADHD showing rates of academic
impairment and school retention that are slightly higher than in the group
with RD alone. Occupational impairment is also higher in RD alone and
ADHD alone, with ADHD alone leading to more social impairment. A
comorbid presentation leads to high adaptation difficulties across all
comparisons. Additional assessments in Willcutt et al. (2007) showed higher
rates of mood and behavior difficulties, as well as substance abuse in all
groups relative to the comparison group. These results provide strong
evidence that RDs in isolation and comorbid with ADHD lead to difficulties
with adaptation.

Another approach to assessing adaptation issues is to survey individuals
affected by LDs, which the National Center for Learning Disabilities (NCLD;
2014) has done three times. On the most recent survey, conducted in 2012,
parents identified clear adaptive impairments with negative effects on overall
adjustment at school and home, and for long-term vocational outcomes. The
NCLD report also examined publically available data, finding that LDs were



associated with lower grades, failure on high-stakes tests, retention (one-third
of school-identified LD cases), lower graduation rates, and higher rates of
school dropouts. Post-high school, people identified with LDs were more
likely to have high rates of involvement with the criminal justice system, with
lower rates of college participation and completion. They form the largest
disability group seeking vocational services. This NCLD report echoed the
findings of Willcutt et al. (2007) and established that LDs were associated
with adaptive impairments that can be significant.

The NCLD report identified several public misconceptions about LDs,
such as a strong association of IQ and LD, causal attributions to excessive TV
watching, and common beliefs that eye glasses and medication remediate
LDs. Other data were cited showing that many people associate LDs with
intellectual disabilities, sensory impairments, the home environment, and
laziness. Despite progress in research, policy, and practice, the general public
still has a weak understanding of LD as a construct.

Classification Approaches

Another strategy for establishing the validity of the concept of LDs is to
approach them from an empirical classification perspective (Chapter 3).
Classifications, definitions, and identification are not the same. Classifications
are systems that permit a larger set of entities to be partitioned into smaller,
more homogeneous subgroups based on similarities and dissimilarities in
attributes thought to define different aspects of the phenomenon of interest.
The process of designating entities as belonging to subgroups represents an
operationalization of the definitions emerging from the classification.
Identification (or diagnosis) occurs when the operational definitions are used
to determine membership in one or more subgroups. This process occurs in
biology when plants and animals are assigned to species; in medicine when
diseases are organized into categories based on etiology, symptoms, and
treatment; and in LDs when a determination is made that a child’s difficulties
in school represent LD as opposed to a behavior problem, oral language
problem, or intellectual disability. Even deciding that a child needs academic
intervention is a decision that reflects an underlying classification (children
who need or do not need intervention; Morris, 1988).



Many of the issues involving different methods for identifying children
with LDs reflect confusion about the relations of classification, definition, and
identification. The relation is inherently hierarchical, in that the definitions
derived from a classification yield criteria for identifying members of the
subgroups. This hierarchy is depicted in Figure 2.4, which uses the concrete
examples of LDs, ADHD, and intellectual disabilities. Definitions of LDs
originate from an overarching classification of childhood disorders (as in
DSM-5) that differentiate LDs from intellectual disabilities and various
behavior disorders, such as ADHD. This classification yields definitions and
resultant criteria based on attributes that distinguish LDs from intellectual
disabilities and ADHD. These criteria can be used to identify children as
members of different subgroups within the classification model.
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FIGURE 2.4. Classification of learning disabilities (LD), intellectual disabilities (ID), and ADHD. The
diagram also shows major subgroups under LD (word-level reading disability [WLRD], specific reading
comprehension disability [SRCD], math calculations [M-C], math problem solving [M-PS], and written
expression [WE]); ID (mild, moderate, and severe levels); and ADHD (predominantly inattentive
presentation [PI], predominantly hyperactive-impulsive presentation [PH], and combined presentation
[C]). Courtesy Whitney Roper.

Although this classification terminology describes groupings, we are really
referring to decisions about how individuals are related on correlated
attributes that are dimensional and that defines and overlaps across the
subgroups. For LDs, the decisions are arbitrary and are subject to
measurement error that leads to identification issues, as we explained above
in discussing the unreliability of assessing unobservable latent constructs.
However, these problems do not subjugate our capacity to demonstrate the
validity of the construct of LD, even though it is unobservable. Thus, it is



critical to formally assess the validity and reliability of the subgroupings. The
fact that subgroups can be created does not necessarily mean that valid
classifications exist. Rather, the subgroups making up a valid classification
can be differentiated according to variables not used to establish the
subgroups (Skinner, 1981), demonstrating external validity of the
classification. Internal validity and reliability hinge on evidence that the
classification is not dependent on the method of classification (i.e., changing
the measurement methods used to create subgroups does not change the
essential nature of the subgroups), can be replicated in other samples, and
permits identification of the majority of cases of interest. Reliable and valid
classifications facilitate communication within scientific and professional
communities, prediction of impairment severity, and treatment planning
(Blashfield, 1993).

Certain types of classifications may be more useful or appropriate for
some purposes than others. Classification may be needed to identify children
as needing intervention; as having LD or as being typically achieving; as
having LD as opposed to an intellectual disability or ADHD; and, within LDs,
as being reading- rather than math-impaired. As LDs are hypothesized to
represent a subgroup of people with unexpected underachievement, LD is
differentiated from expected underachievement due to emotional disturbance,
economic disadvantage, linguistic diversity, and inadequate instruction
(Kavale & Forness, 2000). These types of classification represent hypotheses
that should be evaluated for the reliability of the hypothetical model and for
validity by reference to variables that are different from those used to
establish the classification and assign individuals to subgroups.

It can be demonstrated that different academic subgroups of LD can be
reliably differentiated on attributes not used to define them. Consider, for
example, Figure 2.5. This figure displays cognitive profiles for three groups of
students in grades 2 and 3 who participated in a classification study by the
Yale Center for Learning and Attention Disorders (S. E. Shaywitz, 2004).
These children represented groups with isolated problems in the domains of
word recognition and math, along with a comparison group of typically
achieving children. The subgroups of students with word recognition and
math computational problems were identified according to several different
approaches to definition, including discrepancies relative to Verbal 1Q,



Performance 1Q, or Full Scale I1Q, as well as a low-achievement definition that
simply required performance below the 26th percentile on either word
recognition or math calculations coupled with an IQ score of at least 80, but
with no requirement of a discrepancy.
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FIGURE 2.5. Profiles across different cognitive tests for children who are impaired only in reading
(RD) and only in math (MD) relative to typical achievers (NL). The groups differ in shape and
elevation, suggesting three distinct groups.

To validate the underlying hypothetical classification of LDs into reading
versus math subgroups, the children received assessments of cognitive skills
that were not used to identify the LD subgroups. These measures included
assessments of problem solving, concept formation, phonological awareness,
rapid naming, vocabulary development, verbal learning, and visual motor
skills. As Figure 2.5 shows, the three groups were distinct in their patterns
and levels of performance, indicating that the implicit classification of LDs in
reading versus math subgroups is supported, along with clear evidence that



children defined with LDs in reading and math domains differed from
typically achieving students. As will be seen in subsequent chapters,
subgroups similarly defined differ in both the neural correlates of reading and
math performance and the heritability of reading and math disorders. These
achievement subgroups, which by definition include children who meet
either low achievement or IQ-achievement discrepancy criteria, also differ in
response to instruction: Effective interventions are specific to the academic
domain, so that teaching math to children whose problem is in reading (and
vice versa) is ineffective (see Morris et al., 2012, for an empirical
demonstration).

Scientific Maturation of the Field of LDs

A third approach to demonstrating the reality of LDs is to ask about the state
of empirical science in the field. Given the significant debates in education
about what constitutes “science” and, to a lesser extent, a “scientific field,” we
refer to science as the pursuit of knowledge based on observable phenomena
capable of replication and validation, resulting in a body of reliable
knowledge that can be logically and rationally explained. The field of LDs
actually constitutes a subfield of education science, which is a subfield of the
social and behavioral sciences. Much of the research in LDs over the past
decade integrates scientific principles and methods from several
subdisciplines including education, cognitive psychology, neuroscience, and
genetics. Scientific research in LDs has varied considerably over the past
century with respect to the questions asked, the designs and methods used,
and the interpretation of the data. The question central to demonstrating the
reality of LDs is: Has the last decade provided the field with a more consistent
application of scientific principles in the study of LD?

To address the question of LD as a scientific construct requires not simply
an examination of the quantity and quality of research on topics relevant to
LD but also assessment of the extent to which an appreciation for evidence
can be inferred in general ways from education policies in education (and
particularly special education) that strongly recommend assessment and
instructional practices grounded in well-defined converging research
outcomes (see Chapter 11). Such an evidence-based culture requires that



practitioners in the field be educated to make decisions about identifying,
selecting, and implementing effective practices on the basis of trustworthy
research. Trustworthy research is characterized by studies that pose relevant
questions objectively, seek knowledge using appropriate research designs and
methods, promote replication of findings, ensure that samples being studied
represent the population in question, and consider the conditions under
which the new knowledge can be implemented. Unfortunately, as we discuss
in Chapter 11, the scientific basis exists, but has not been used on a consistent
basis, and the idea that decision making in education should rely upon
scientific principles has no real consensus. Therefore, we focus on the
scientific basis in the remainder of this chapter and return to its use in

Chapter 11.

What Is Scientifically Based Research?

The National Research Council (NRC), a branch of the National Academy of
Sciences, published a report in 2002 titled Science and Education (Shavelson
& Towne, 2002). The report, commissioned by the U.S. Department of
Education (USDOE), stated that, in order for studies to be deemed
scientifically based, they must: (1) pose significant questions that can be
investigated empirically; (2) link research to theory; (3) use methods that
permit direct investigation of the question; (4) provide a coherent and explicit
chain of reasoning; (5) replicate and generalize across studies; and (6) disclose
research data and methods to encourage professional scrutiny and critique.
“Evidenced-based education” (EBE) and “evidence-based practices” (EBP)
are terms that have entered the education lexicon in the past decade, along
with the ubiquitous “scientific-based research” (SBR). The terms have roots in
medicine, which embraced them over the past three decades. Sackett,
Rosenberg, Gray, Haynes, and Richardson (1996) were early users of the term
“evidence-based” in medicine. They described “evidence-based medicine”
(EBM) as the explicit utilization of the best evidence from research in clinical
decision making. In a later publication, Sackett, Straus, Richardson,
Rosenberg, and Haynes (2000) emphasized that EBM integrates the most
robust research evidence with clinical expertise and patient values. According
to Hood (2003), this concept of the use of evidence in identifying effective



treatments emphasizes a decision-making process where judgments about
what is best for each patient are made on a case-by-case basis using the best
evidence available.

For educators, the term “evidence-based practices” represents a broader
and more practical concept than “scientific-based research” because it
incorporates, as it does in medicine, practitioner decision making. Both EBP
and SBR share the common goal of ensuring that the practices we implement
are valid, but EBP places a greater emphasis on the role of the
clinician/practitioner in customizing the extent to which SBR and EBP are
combined. This does not mean, however, that EBP reflects a less rigorous
process for identifying and implementing effective programs in schools. As
Hood (2003) explained:

An evidence-based practice (EBP) is any practice that has been established as being effective
through scientific research that conforms to some set of explicit criteria . . . [including] (1) the
practice has been standardized through manuals, guidelines, or certified training in the
practice, (2) the practice has been evaluated through controlled research . . ., (3) objective
measures were employed that demonstrated valued outcomes, and (4) these outcomes have
been replicated by . . . research. (p. 14)

Is Research on LDs Scientifically Based?

A noteworthy advance in research on LDs during the past 10 years since the
publication of the first edition (Fletcher et al., 2007) has been the increased
application of robust experimental designs and methods appropriate to the
specific research questions posed—a critical requirement for meaningful data
that was not always common in education research (Shavelson & Towne,
2002). This advance has led to significant improvements in isolating specific
cognitive, linguistic, neurobiological, genetic, and instructional factors and
their interrelationships that characterize different types of LDs. Moreover,
much of this research has been conducted within a multidisciplinary
longitudinal context, thus allowing for an examination of the developmental
course of well-defined LD and how the trajectory of that course can be
influenced by intervention efforts, genetics, and neurobiology. The more
frequent application of randomized controlled trials (RCTs) and regression
discontinuity designs (RDDs) that permit strong inferences about causality to
determine the effectiveness of programs and practices, which we encouraged



in the first edition of this book, underscores the increasing quality of research
in LD.

Lyon and Weisner (2013) reviewed research from the decade 2001 to 2011
and found that the research literature reveals that as a field, scientific research
on LDs is aggressively working to elevate research standards. With the
increase in rigorous application of scientific methods, LDs research is
comparable to other areas of behavioral and social sciences research in its
ability to produce sound findings, allowing a better understanding of
individual differences in complex learning domains and contexts. The
research was characterized by increased application of robust research
designs and experimental methods to LD research questions, as well as a
significant increase in the number of multidisciplinary studies involving close
collaboration among researchers in special education, educational
psychology,  cognitive  psychology,  developmental  neuroscience,
neuroradiology, genetics, psychiatry, and classification science.

The impact of research on LDs over the past 10 years shows that the
quality and impact of recent research has significantly enhanced our
understanding of etiology, phenotypic characteristics, and instruction
outcomes. The increase in the quality and impact of research has made
possible the actual use of the research evidence in forging federal and state
education policies relevant to LD. A common language has also emerged to
describe the scientific levels of evidence as seen in terms such as SBR and
EBP. The remainder of this book will pick up where Lyon and Weisner (2013)
left off, expanding the research review in the same domains with continued
and increased impact.

CONCLUSIONS: LDs ARE REAL

In this chapter, we have made a case for the fact that LDs are real entities.
They are hard to define because LD as a construct is not observable
independently of how we measure it. Additionally, the attributes measured to
define LDs are dimensional and correlated, leading to comorbidity and
overlap across domains and with attributes of ADHD. Despite these
challenges, clear evidence has emerged showing that LDs interfere with
adaptation on a short-term and long-term basis. Empirical approaches to



classification support the validity of the concept, especially in relation to
different domains of reading and math, and to ADHD. There is a substantial
evidence base that can be used to support decision making in multiple areas
related to LDs. Altogether, there is clear evidence that LDs are real. Much of
the controversy is how to define them, a topic we turn to in Chapter 3.



CHAPTER 3
T

Classification and Definition of

Learning Disabilities
The Problem of Identification

The evidence base underlying classification, definition, and identification
issues in LDs can be subjected to decision-making processes that have a basis
in scientific research for determining optimal approaches. Many of the issues
are not fully resolved, but progress has been made and, in many instances,
there is a research-informed consensus for making informed decisions. Often
this consensus is about what not to do, with active debate around what should
be done. On the surface, identification seems straightforward. The attributes
of LDs that indicate that a person is a member of a class of all people with LDs
and is not a member of other classes of people that do not fully share these
attributes need to be defined. If the attributes are known, they can be
measured. Criteria can be established and individuals can then be reliably
identified into classes of people simply classified as having LDs and not
having LDs.

Classification depends on a theory of what constitutes LDs and
specifically what represents unexpected underachievement. Historically,
unexpected underachievement has been defined from neurological, cognitive
discrepancy, and instructional frameworks. Each of these frameworks leads to
an operational definition of the critical attributes of LDs that can be assessed
at an observable level for identification purposes.

This relation of observable and latent constructs is shown in Figure 3.1,



which is based on an instructional framework and uses three potential
indicators of LDs: (1) low achievement; (2) unexpected underachievement
(e.g., cognitive discrepancy, instructional response); and (3) exclusionary
factors, which involve contextual factors influencing learning and
performance (see Figure 1.1) and other disorders that preclude LDs. In Figure
3.1, the underlying conceptual model for unexpected underachievement is
inadequate response to instruction. In a method based on neurological
dysfunction, it would be a special sign of brain dysfunction, such as finger
agnosia or perceptual-motor difficulties. A cognitive discrepancy method
would specify differences in aptitude and achievement, or differences in two
cognitive domains. Most methods would include low achievement, which is
necessary, but not sufficient, for identification of LDs. These different
approaches to measuring unexpected underachievement are hypotheses
about how to classify and define LDs. As hypotheses, they need to be tested.
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FIGURE 3.1. Model for the relation of the latent construct of LDs and observable attributes from an
instructional model involving low achievement and inadequate instructional response. The two
observable indicators can be measured, but are imperfect because of measurement error. Multiple
indicators typically increase the reliability of indicating a latent, unobservable construct. Courtesy
Whitney Roper.

Since we can only measure the observable attributes, identification will
always have some inherent unreliability even if the measure itself is high in
reliability. All measurements that involve human behavior have error, so that
any indicator of an attribute will have a certain degree of unreliability that will



affect the precision by which individuals with these attributes can be
identified. Using multiple indicators helps address the unreliability issue, but
unreliability can’t be fully resolved and needs to be taken into account when
identifying individuals with LDs.

ATTRIBUTES OF LDs

Inclusionary Criteria

LDs are traditionally defined by indicators that are both inclusionary and
exclusionary. Inclusionary criteria indicate the presence of LD, such as an
indicator of unexpected underachievement. Exclusionary criteria indicate the
absence of LD. An example is that a person’s low achievement is not due to
an intellectual disability. Most controversy surrounds inclusionary criteria
because they represent the core attributes of the concept of LDs. This
controversy is not about whether the core concept of LDs is unexpected
underachievement. What varies across classification hypotheses is the
conceptual framework for indicating unexpected underachievement. In the
next section, we review different hypotheses about which indicators of
unexpected underachievement are most useful for identification and
classification of cases.

Neurological Hypotheses

Historically, the earliest conceptions of LD were neurological, representing
the idea of LDs as disorders of constitutional origin. As we discussed in
Chapter 2, these conceptions produced heterogeneous groups of children
with problems ranging from hyperactivity to poor academic skills, often
reflecting comorbidity. From this classification hypothesis, identification was
based on the presence of signs of neurological dysfunction, which might be
reflected in hyperactivity, clumsiness, sensory-motor difficulties, or language
problems (Benton, 1975). The presentation of these “symptoms” was believed
to relate to the integrity of the central nervous system. Interventions based on
these classifications, such as perceptual-motor or auditory/visual modality
training, were not strongly related to academic outcomes (Mann, 1979;



Vellutino, 1979). Because neurological origin was assessed indirectly by
behavioral measures (and thus was an inference that was difficult to support),
these hypotheses have receded in favor of alternative approaches to indicating
unexpected underachievement.

Cognitive Discrepancy Hypotheses

Cognitive discrepancy hypotheses are more contemporary conceptions of LD
that focus on unevenness in cognitive abilities. The most prominent of these
hypotheses is the aptitude—achievement discrepancy hypothesis, commonly
operationalized as a discrepancy between measured IQ and academic
achievement. Within this model, the 1Q score, for identification purposes,
must exceed the achievement score, with the numerical magnitude of this
“gap” varying depending on different policies adopted by districts and states.
A “gap” of significant magnitude indicates that a child has a discrepancy
consistent with LD. The absence of a gap indicates a “slow learner” who is
achieving at the limits of his or her aptitude. The IQ-achievement
discrepancy was the central part of U.S. federal regulations for identification
from 1977 to 2004, and is still permitted under IDEA 2004. However, there is
little support for the validity of this hypothesis in classification and
identification processes (Fletcher et al., 1994; Siegel, 1992; Stanovich & Siegel,
1994; Stuebing et al., 2002, 2009).

Other cognitive discrepancy approaches represent intraindividual
difference methods that focus on patterns of strengths and weaknesses in
cognitive skills as a core inclusionary attribute indicative of unexpected
underachievement. It is well-established that LDs are associated with specific
impairments in cognitive processes and that there is variability in the
cognitive strengths and weaknesses displayed by individuals with LDs. In
definitions based on this classification hypothesis, LD is identified when there
are strengths in some cognitive functions and weaknesses in other cognitive
functions related to academic achievement. For example, an individual with
low achievement in the word-reading domain might display strengths in
visual-spatial skills and poor phonological processing skills. Thus, there is a
weakness in an academic domain with a corresponding weakness in a domain
correlated with poor word reading and a strength in a cognitive domain



presumably unrelated to reading. However, the emerging research that
addresses the reliability and validity of classification models based on patterns
of strengths and weaknesses in cognitive skills continues to show little
support for the use of these methods as a component of identification or
intervention.

Instructional Discrepancy Hypotheses

The most recent classification hypothesis uses data from service delivery
frameworks based on MTSS or, when identification is involved, RTI. An
MTSS framework is primarily an approach to service delivery in schools, with
the goal of improving academic and behavioral outcomes for all children
(Vaughn & Fuchs, 2003; Fletcher & Vaughn, 2009). In classification based on
the RTI identification methods, there are two core attributes in the
underlying classification that are inclusionary: inadequate instructional
response and low achievement. The core indicator of unexpected
underachievement is inadequate instructional response, representing an
attribute that can only be assessed in relation to efforts to teach the person.
Thus, intractability to intervention is the measureable indicator of
unexpected underachievement so that underachievement occurs despite
adequate instruction. As with all identification methods for LDs, there are
problems with the reliability of identification of individuals with LD. There is
growing evidence of the validity of a classification incorporating inadequate
instructional response and low achievement (Miciak, Fletcher, & Stuebing,
2015a).

Exclusionary Criteria

Certain conditions are represented as “exclusions” for LDs because they may
represent other primary causes of low achievement, which means that low
achievement would be expected, not unexpected. The exclusions could
represent another disorder (e.g., sensory disorders, intellectual disabilities,
behavioral difficulties that interfere with motivation or effort) or contextual
factors like economic disadvantage, minority language status, and poor



instruction that are often associated with low achievement.

Definition by Exclusion

Early definitions often based identification of LD solely on the presence of
low achievement and the absence of exclusionary conditions. In a sense, these
approaches defined LD by “what it is not.” Defining a disorder by exclusion is
not a satisfactory approach to classification because it does not produce a
conceptual model of what LD might represent. It has not been a useful
approach to defining LD because the group of children emerging as having
LD is very heterogeneous if only poor academic achievement and
exclusionary criteria are applied (Rutter, 1982). However, a classification
hypothesis based on simple low achievement with or without the exclusionary
conditions should be considered because it is often the de facto method in
research.

Stipulating that LDs are not due to intellectual disabilities, sensory
disorders, or linguistic diversity is reasonable, as children with these
characteristics have different intervention needs. A person whose primary
language is a minority language should not be identified with LDs unless it
can be demonstrated that the difficulties producing the reading or math
problem are a pervasive characteristic across languages (see Chapter 4). There
are also issues with distinctions between intellectual disabilities and LDs that
make the precise demarcation unclear, but information beyond IQ tests is
essential for identifying cognitive impairment (Schalock et al., 2010).

Other exclusions stemmed from policy decisions that involved the need to
avoid the mixing of special education and compensatory education funds, as
well as the existence of other eligibility categories in IDEA to support children
with special needs (e.g., intellectual disabilities, emotional disturbance). The
original exclusionary criteria were not meant to preclude children from
placement, but to better classify each child’s difficulties—on the assumption
that when economic disadvantage, emotional disturbance, and inadequate
instruction are the primary causes of underachievement, different
interventions are needed.

For the other conditions considered exclusionary of LDs, determining
which are “primarily” the cause of underachievement has proven a difficult



proposition. The cognitive correlates of academic difficulties in children with
achievement deficiencies attributed to emotional disturbance, inadequate
instruction, and economic disadvantage do not appear to be different
according to these putative causes. Moreover, the intervention needs and
mechanisms whereby interventions work do not appear to vary according to
these factors (Fletcher, Denton, & Francis, 2005a; Lyon et al., 2001). As such,
these distinctions are not strongly related to the types of intervention
programs that are likely to be effective. Of particular concern is the idea that
inadequate instruction precludes identification of LDs, when in fact it may
cause people to manifest the attributes of LDs. Later in this section, we
examine specifically exclusion due to socioeconomic disadvantage and lack of
opportunity for learning.

Emotional and Behavioral Difficulties

Most definitions of LDs exclude individuals whose poor achievement is due
primarily to emotional and behavioral difficulties. This assessment is difficult
to make because of comorbidity (Chapter 2). Determining which disorder is
primary is difficult, as those who struggle may develop behavioral difficulties
that are secondary to lack of success in school. Researchers have also reported
that children with reading disabilities present with co-occurring social-
emotional difficulties. In some clinical studies, these difficulties appear to be
secondary to difficulties in learning to read. For example, of the 93 adults in a
clinic population with LDs, the majority of whom displayed reading
problems, 36% had received counseling or psychotherapy for low self-esteem,
social isolation, anxiety, depression, and frustration (Johnson & Blalock,
1987). Likewise, others (Bruck, 1987) have reported that many of the
emotional problems displayed by readers with LDs reflect adjustment
difficulties resulting from labeling or academic failure. Large-scale clinical
trials show that improving reading and math instruction in programs that
provide positive behavioral support reduces subsequent behavioral difficulties
in first graders followed into middle school. The most significant path is from
achievement to behavior, so poor achievement clearly leads to behavioral
difficulties (Kellam, Rebok, Mayer, Ialongo, & Kalodner, 1994).

Despite these studies of highly selected populations, meta-analyses of the



relations of LDs and social skills found little evidence for specific deficits in
children broadly defined as having LDs (Zeleke, 2004) or for the effectiveness
of interventions addressing these problems (Kavale & Mostert, 2004) unless
such a student had low self-esteem before the study began (Elbaum &
Vaughn, 2003). Many of the studies analyzed in meta-analysis did not
adequately control for other factors related to social skills, such as ADHD and
socioeconomic status (SES). The common failure to specify the subgrouping
of LDs into reading versus math disabilities is unfortunate, as there is
evidence that children with math disabilities are more impaired than those
with reading disorders, especially if other nonverbal processing skills are also
impaired (Rourke, 1989, 1993). Other studies find that reading problems are
associated with higher rates of internalizing and externalizing
psychopathology, even in nonclinical samples (Willcutt et al., 2007).
However, comorbid associations of reading disabilities with ADHD
contributed to these relations; even comorbid reading and math disorders
have higher rates of psychopathology, and comorbid disorders are also more
severe. In a sample of children who responded adequately and inadequately
to reading instruction in grade 1, Grills, Fletcher, Vaughn, Denton, and
Taylor (2013) found higher rates of anxiety in children who had not
responded adequately to instruction.

Altogether, these findings illustrate the significant need to identify and
intervene early with those children who are at risk for academic failure, given
the substantial social and emotional consequences that can occur if the
disabilities are not remediated. The empirical evidence does not support the
idea of excluding individuals from identification with LDs if they show
evidence for emotional, behavioral, or social difficulties.

Economic Disadvantage

Although most current definitions of LDs state that the academic deficits
encompassed by the disorders cannot be attributed to economic disadvantage
and cultural factors (including race or ethnicity), limited information exists
regarding how race, ethnicity, and cultural background might influence
school learning in general and the expression of different types of LDs in
particular. For example, Wood et al. (1991) conducted a longitudinal study of



specific LDs (in reading) within a random sample of 485 children selected in
the first grade and followed through the third grade (55% European
American, 45% African American). Wood et al. (1991) found that the effects
of race were important and complicated. At the first-grade level, once a
child’s age and level of vocabulary development were known, race did not
provide any additional predictive power to forecasting first-grade reading
scores. By the end of the third grade, race was a significant predictive factor
even when the most powerful predictors—first-grade reading scores—were
also in the prediction equation. By the end of the third grade, African
American children were having significantly greater difficulties in learning to
read. The effect is likely due to economic disadvantage.

In support of these findings, Ritchie and Bates (2013) examined the role
of SES by analyzing data from the National Child Development Study, a
longitudinal study of 18,588 infants born in the United Kingdom in 1958 and
followed for almost 50 years. In examining the effects of reading and math
achievement at age 7 on SES at age 42, better reading and math skills at age 7
had positive effects on SES at age 42. The effects were apparent even when
SES at birth, IQ, academic motivation, and duration of education were
included in the prediction. The later variables also had positive associations,
but this study supports a reciprocal effect of SES and achievement.

In an intervention study addressing 6.5- to 8.5-year-old children
significantly impaired in word reading, Morris et al. (2012) stratified their
sample for race, SES, and IQ. They found that these variables were not
associated with the amount of growth during the intervention or to long-term
outcomes after one school year. There were no interactions with program
type, indicating that the interventions worked similarly across levels of IQ,
race, and SES.

In a functional neuroimaging study, Noble, Wolmetz, Ochs, Farah, and
McCandliss (2006) recruited children of similar phonological processing
skills who varied in SES. They found that activation in brain areas that
mediate phonological processing were reduced in children with lower levels
of SES, but no indication of an interaction. In French-speaking children with
and without dyslexia who varied in SES, Monzalvo, Fluss, Billard, Dehaene,
and Dehaene-Lambertz (2012) found that the effects of poor reading during
reading and listening tasks were largely independent of SES, but brain



activation was less reduced in children who were lower in SES and poor
readers. Thus, SES was associated with quantitative, but not qualitative,
differences in degree of activation: the same areas of the brain were involved,
but activation was more reduced in association with SES.

As these studies show, many of the conditions that are excluded as
potential influences on LDs interfere with the development of cognitive and
language skills that lead to the academic deficits that in turn lead to LDs
(Phillips & Lonigan, 2005). Parents with reading problems, for example, may
find it difficult to establish adequate home literacy practices because of the
cumulative effects of their reading difficulties (Wadsworth, Olson,
Pennington, & DeFries, 2000). Children who grow up in economically
disadvantaged environments have reduced linguistic input in the home and
are behind in language development when they enter school (Hart & Risley,
1995). This delay interferes with the development of reading and math skills.
Moreover, interventions that address the early development of these skills
seem to promote academic success in evaluative studies of Title I programs
provided to economically disadvantaged schools, as well as in intervention
studies in which programs that incorporate explicit phonics instruction have
been shown to be advantageous for economically disadvantaged children
(Foorman, Francis, Fletcher, Schatschneider, & Mehta, 1998; National
Insitute of Child Health and Human Development, 2000). Thus, the
mechanisms and practices that promote reading success in advantaged
populations appear to be similar to those that promote reading success or
failure in disadvantaged populations.

There is little evidence that the phenotypic representation of LDs in
reading varies according to SES. Children at all SES levels appear to have
reading problems predominantly (but not exclusively) because of word-level
difficulties apparent in the beginning stages of reading development (Cirino
et al., 2013; Foorman et al., 1998; Wood et al., 1991). As Kavale (1988) and
Lyon et al. (2001) have pointed out, the basis for excluding economically
disadvantaged children from the LD category has more to do with how
children are served than with empirical evidence demonstrating that
characteristics of reading failure are different in groups with LDs as opposed
to those who are economically disadvantaged.



Inadequate Instruction

Exclusion based on the opportunity to learn and the provision of appropriate
instruction in general education makes sense if there has been no systematic
effort to teach a child, but this notion is often expanded to include children
whose instruction has not been adequate. Although children’s failure to
respond to appropriate instruction is a very strong indication of a disability,
the cognitive problems associated with their LDs parallel those exhibited by
children who have not had adequate instruction. The two types of children
are equally disabled. Of the different exclusionary criteria for LDs,
instructional factors are the least frequently examined but perhaps the most
important. The opportunity-to-learn exclusion presumes that the field has a
good understanding of what constitutes adequate instruction. In methods
based on instructional discrepancies, consideration of the students’ response
to high-quality intervention is inclusionary (L. S. Fuchs & D. Fuchs, 1998).
Why use the complex identification criteria and expensive due-process
procedures of special education before an attempt is made to provide
intervention early in a child’s development?

Summary: Inclusion and Exclusion Criteria

The history of classification and definition of LD is reflected in the movement
from neurological to cognitive discrepancy to instructional discrepancy
classification hypotheses. Each hypothesis is different because of how
unexpected underachievement is conceptualized and therefore measured.
There is presently considerable tension among these frameworks because the
approaches to identification and the type of individual considered as
representative of LDs are different, which also has consequences for how
professionals practice, the type of assessments used to identify LDs (Chapter
4), and how schools operate in balancing identification and intervention.
Despite the differences, these classification hypotheses share features,
including a focus on ability or learning discrepancies, psychometric models
and cut points for operationalization, and relatively narrow views of LD
driven by the attributes of interest. In addition, they overlap in considering
the exclusionary criteria. For a method in which cognitive discrepancies



indicate the presence of LD, inadequate instruction and opportunity to learn
are regarded as exclusionary criteria; in contrast, methods in which
identification is in the context of RTI apply instructional response as
inclusionary and do not regard cognitive discrepancies as informative.

Exclusionary criteria are often invoked automatically because of their
presence in the U.S. statutory definition of LD. Definition by exclusion has
not proven fruitful (Rutter, 1982). Many exclusions are more likely comorbid
associations that need to be specified, especially in relation to instruction (see
Chapter 4). Other exclusions are really different disorders with different
intervention needs (e.g., intellectual disabilities, sensory disorders). Exactly
how to consider LDs in relation to poverty or minority language status is not
clear, although these certainly represent contextual factors that need to be
considered. In the remainder of Chapter 3, we review the reliability and
validity of different methods because issues involving identification are
universal across methods and have not been adequately acknowledged by the
field despite many years of investigation. In reviewing the reliability issues
and the universality of identification problems with psychometric methods as
presently implemented, we emphasize that our concerns about identification
do not mean that we reject or have concerns about the validity of the concept
of LD (see Chapter 2).

RELIABILITY OF IDENTIFICATION

Agreement across Identification Methods

What would constitute evidence for the reliability of methods for identifying
LDs? Typically, reliability would be indicated by the existence of assessment
methods that showed strong internal consistency and test-retest reliability. In
addition, different methods should converge on which students meet criteria
for LDs. At the outset, the problems do not involve an inability to reliably
measure the core attributes important for different identification methods.
We have highly reliable measures of aptitude, especially intelligence,
academic achievement in the five domains of LDs, and methods for assessing
instructional response. The problem is that different methods, even within
the same conceptual model, identify different individuals with LDs. This



problem is due both to the nature of the attributes of LDs, and because of
psychometric factors that amplify these problems, including the slight
measurement error associated with the tests used to indicate LDs. In addition,
there are issues related to setting cut points, or thresholds that determine the
presence and absence of LDs, or the significance of a discrepancy. Remember
that these attributes of LDs are dimensional; placing firm cut points on a
normal distribution also contributes to the unreliability of individual
decisions.

Instructional Response

The issue of agreement has been raised most recently in the context of
identification methods based on RTI, where there is often low agreement
across methods based on assessments of instructional response (Barth et al,,
2008; Fletcher et al., 2014; Speece & Case, 2001). Low agreement is the basis
for many of the strongest criticisms of methods based on RTI (Reynolds &
Shaywitz, 2009), but such problems are not unique to this framework. Any
psychometric approach based on cut points will not identify the same
students as inadequate responders, whether the discrepancy is based on the
assessment of instructional response, low achievement, or some type of
cognitive discrepancy (Francis et al., 2005).

To illustrate, Fletcher et al. (2014) compared different methods for
assessing instructional response. Their identification of inadequate
responders based on assessments of final status at the end of an intervention
or on indices incorporating growth (slope) showed low agreement
concerning which students were inadequate responders.

Given the low agreement across measures, Fletcher et al. (2014)
performed a statistical simulation of agreement between the two highly
reliable norm-referenced assessments of decoding and fluency, respectively:
the Basic Reading composite from the Woodcock-Johnson
Psychoeducational Test Battery III (W]-III; Woodcock, McGrew, & Mather,
2001) and the Test of Word Reading Efficiency—Second Edition (TOWRE-2;
Torgesen, Wagner, & Rashotte, 2011). This simulation involved creating
large, normally distributed databases of “cases” based on the correlations of
the measures and the thresholds for subdividing the resultant distributions to



indicate LDs. If the tests were perfectly correlated and perfectly reliable, the
agreement would be 1.0. However, the measures are not perfectly correlated
nor are they perfectly reliable. In the empirical sample above, the two
measures were highly correlated (.94). The reliabilities published by test
developers are .98 for the WJ-III and .90 for the TOWRE-2.

Simulating two normally distributed, perfectly reliable variables with a
correlation of .94 and a cut point at the 25th percentile yielded a chance-
corrected agreement of .76, which is on the lower end of levels where
agreement is considered “excellent.” The slight reduction in the “perfect”
correlation had a large impact on agreement. Similar problems occurred if
other aspects of the simulation were manipulated. If the two measures were
perfectly correlated, but used the published reliabilities, the agreement was
coincidentally 0.76. If the observed correlation was 0.94 and the reliabilities of
0.98 and 0.90 were used, the simulation yielded agreement of 0.67. If
differences in the normative samples of the two tests were taken into account,
the agreement fell below 0.40. Because identification is often based on tests
from different assessment batteries, this reduction is alarming.

Low Achievement

The simulation in Fletcher et al. (2014) is easily extrapolated to any approach
to identifying LD based on a firm threshold. Note that the simulation was
based on two reliable norm-referenced achievement tests. Any test could be
substituted and what would vary are the reliability and the correlations.
Lower reliability and lower correlations would reduce agreement, often to
chance levels (Macmann, Barnett, Lombard, Belton-Kocher, & Sharpe, 1989).

Cognitive Discrepancy

The problems with identification are magnified if identification is based on a
difference between two different measured attributes. Some problems are well
known, including the lower reliability of a difference score (Rogosa, 1995)
and the need to take into account the correlation of any two tests (e.g., IQ and
achievement) in estimating a discrepancy (Macmann & Barnett, 1985).



Because the measures are correlated, simple comparisons of aptitude and
achievement measures are associated with regression to the mean and will
underidentify people with lower aptitude as “not-LD” and overidentify people
with higher aptitude as LD; the failure to take into account regression to the
mean and the pervasiveness of the influence of any discrepancy in cognitive
skills as an indicator of LD has fueled controversy over children who appear
both gifted and LD because of these discrepancies, which often are artifacts of
regression to the mean (see Chapter 4).

In an early study, Macmann and Barnett (1985) observed that three
factors impacted the reliability of an aptitude-achievement discrepancy: the
reliability of the difference, where difference scores are generally less reliable
than single test scores; selection of specific tests because of their correlations;
and the location of the cut point designating presence and absence of LDs.
They then simulated aptitude-achievement discrepancies at different
reliabilities, intercorrelations, and cut points. When examining identification
rates across different methods, the highest levels of agreement were only 50-
60%; in general, one in four observations identified with LDs in the
simulation were likely artifacts of measurement error, with the selection of
specific observations dependent on the tests and cut points selected.
Macmann and Barnett concluded that “the results of any psychometric
classification procedure may be extremely tenuous, especially when the
relatively limited degree of generalization across the different measures of the
same construct is considered” (p. 372).

Francis et al. (2005) evaluated the stability of identifications based on
aptitude-achievement discrepancy models using simulated data and actual
data from the Connecticut Longitudinal Study (S. E. Shaywitz et al., 1999).
This study focused on stability over time in relation to specific assumptions
about the reliabilities and intercorrelations of the tests, using composite IQ
and reading scores and a cut point at the 25th percentile. Simulating the
effects of two assessments or modeling actual changes in the stability of
classification between grades 3 and 5 in the Connecticut sample, Francis et al.
(2005) reported that over 30% of children identified with LDs or as without
LDs based on an IQ-achievement discrepancy changed groups just by virtue
of a repeated assessment. Children close to the cut point are very similar and
small amounts of measurement error significantly influence the identification



of individuals.

Intraindividual Differences

Hale et al. (2010) suggested that contemporary approaches to cognitive
discrepancy hypotheses demonstrate stronger reliability because the measures
are improved. However, there are major issues concerning the reliability of
discrepancy methods based on proposed patterns of strengths and weaknesses
(PSW) in cognitive processing. In each of these approaches, LDs are indicated
by a pattern of cognitive strengths and weaknesses in relation to specific
academic weaknesses (Flanagan, Ortiz, & Alfonso, 2007; Hale & Fiorello,
2004; Naglieri, 2010).

Figure 3.2 shows how a PSW method works. There is a cognitive strength,
a cognitive weakness, and the cognitive weakness is linked to the academic
weakness. For example, if Figure 2.5 referred to an individual child who was a
prototype of the group with a word-level RD, there would be a strength in
problem solving and a weakness in phonological awareness; it is well
established that weaknesses in phonological awareness are related to
problems in reading and spelling single words. This person would be
identified with a specific LD in reading; if there was no strength in problem
solving, the person might have achievement difficulties, but would not be
identified with LDs, and is often referred to as a “slow learner.”

No Processing Strengthor 5. Not LD
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FIGURE 3.2. The relation of cognitive and academic strengths and weaknesses in a PSW identification
method. Courtesy Whitney Roper.

Three PSW approaches have been proposed: (1) the concordance-



discordance method (C-DM; Hale & Fiorello, 2004), (2) the cross-battery
assessment method (XBA; Flanagan et al., 2007), and (3) the discrepancy-
consistency method (D-CM; Naglieri, 2010). These methods differ in how
low achievement and the PSW profile are defined, and in how exclusionary
factors are considered. For example, the C-DM is an ipsative (within-person)
approach in which cognitive scores are used to identify a PSW profile. In
contrast, in the XBA, strengths and weaknesses emerge from normative
comparisons of the cognitive tests to create the PSW profile. The D-CM uses
both ipsative and normative comparisons. The methods also differ in their
theoretical orientation, with the XBA method selecting tests based on the
Cattell-Horn-Carroll (CHC) theory of intelligence. The D-CM approach is
based on the Planning, Attention, Simultaneous, and Successive (PASS)
factors of intelligence measured by the Cognitive Assessment System
(Naglieri & Das, 1997). The C-DM emphasizes flexibility across measures and
theoretical orientations (Hale & Fiorelli, 2004).

Each of the methods uses additional criteria for determining presence and
absence of LDs, such as exclusionary criteria. All three emphasize flexibility in
applying the psychometric components. But our focus is on the psychometric
components of the methods because of the impact on reliability. Not
surprisingly, these cognitive discrepancy methods are influenced by the same
psychometric issues influencing any method based on discrepancy scores or
profile analysis: the reliabilities and intercorrelations of the tests and the cut
points for identification.

The influence of these psychometric issues were clearly apparent in a
simulation of identification by the three PSW methods (Stuebing, Fletcher,
Branum-Martin, & Francis, 2012). Latent data were generated based on
multiple reliabilities, intercorrelations, and cut points founded on the
assumptions of each of these three methods. Observed data were generated
and the concordance in identifications as LD and not-LD was assessed
between simulated latent and observed levels. The results showed that all
three methods were consistently biased toward not-LD decisions; only a small
percentage of the simulated population (1-2%) met LD criteria. The three
methods all had excellent specificity and negative predictive values, which
indicate that decisions concerning the absence of LD were often accurate.
However, moderate-to-low sensitivity and very low positive predictive values



were observed because false positive rates for identification of LD were high.
False positives in a method oriented toward the identification of cognitive
strengths and weaknesses to promote alignment of cognitive processing and
intervention could result in those identified as LD receiving an intervention
not correctly aligned with their cognitive profile.

Even in actual data, the same problems with agreement can be observed.
Kranzler, Floyd, Benson, Zaboski, and Thibodaux (2016) used the normative
data from the WJ-III (Woodcock et al., 2001) to create classification decisions
based on the XBA approach. Like Stuebing et al. (2012), they found a low base
rate of children were identified with LDs. Accuracy was very high for “not-
LD” decisions, but not for “yes-LD” decisions, reflecting a high false positive
rate.

Miciak, Fletcher, Stuebing, Vaughn, and Tolar (2014a) used a sample of
139 adolescents demonstrating inadequate RTI to identify participants as
meeting or not meeting PSW LD identification criteria based on the C-DM
and XBA methods. As in the simulation discussed above, both approaches
identified a low percentage of participants as LD (range 24-66%) despite the
sample demonstrating inadequate RTI. Agreement was poor (range = -.04 to
-.31), suggesting that the two approaches are not interchangeable.

Miciak, Taylor, Denton, and Fletcher (2015b) investigated the reliability
of LD identification decisions using a single method (C-DM) across different
achievement tests, following Macmann and Barnett (1985). Criteria based on
the C-DM method were applied to assessment data from second graders who
showed inadequate instructional response. The measures were equivalent at
the construct level, but utilized different achievement tests (e.g., decoding
represented two different subtests of the WJ-III). The two batteries identified
a similarly low number of participants with LDs, but agreement was poor
(.29). In addition, despite the high correlation of the two indicators of each
achievement construct, the two assessments showed low agreement for
identifying the academic domain representing underachievement.

Why Is Reliability of Identification a Universal Issue?

The issue of low agreement is a universal concern when identifying LDs using
psychometric tests and firm cut points, whether the cut point is on a single



achievement distribution or the bivariate distribution of a cognitive and
achievement measure. The problem of agreement is inherent in attempts to
create groups based on cut points of normally distributed variables that are
not perfectly reliable, are correlated, sometimes measure different constructs,
and have different normative samples. They reflect, in part, the effort to treat
the attributes of LDs as categorical (yes or no) indicators, when in fact the
attributes are continuous, normally distributed attributes that vary in degree,
not kind (see Chapter 2). In addition, this problem reflects the facts that the
attributes are correlated and not perfectly measured. From a measurement
perspective, there is no justification for policies that set firm thresholds for
identification, which are common in U.S. state and district policies. Such
approaches are inherently flawed because they do not take into account the
measurement error and correlation of the tests and the continuous nature of
the attributes of LD. Firm cut points are therefore inherently unfair in
identifying individual people with LD, especially when identification is tied to
access to civil rights and services.

Thresholds and Cut Points

These are strong statements that address fundamentals of public policy,
which admittedly tends to be resource-driven, with little attention to
empirical realities. Many efforts to identify individuals with LD rely on setting
fixed cut points, so that any person scoring below this threshold is considered
to possess the attribute of LD. However, with dimensions, any threshold is
somewhat arbitrary. Although few would agree that thresholds should be in
the average range (> 25th percentile), exactly where in the subaverage range a
threshold should be set varies considerably.

Correlation of Indices

The measures used to indicate the attributes of LDs (IQ, achievement,
instructional response) are not independent. Because they are usually
moderately correlated, the impact of unreliability and measurement error are
magnified if multiple tests are used that do not correct for the correlation of



measures. This leads directly to regression to the mean: when individuals are
chosen because of low performance on one test, they will, on average, score
closer to the mean on the second test.

Examples

Figure 3.3 shows the influence of firm thresholds and correlated variables,
epitomized in an IQ-achievement discrepancy method. In Figure 3.3
(Fletcher et al., 2005a), the regression line that would differentiate those with
and those without LDs is steeper for Verbal IQ than for Performance 1Q
because of the higher population correlation of reading (.69) and Verbal IQ
than for reading and Performance IQ (.40). The difference in slopes and in
measures shifts individuals at the edges of the regression cut point on one IQ
measure to either a discrepant or low-achieving subgroup when the other IQ
measure is used. Because the correlation of IQ and reading is lower, effect
sizes would be larger for Performance IQ than for Verbal IQ (see Fletcher et
al., 1994). Nonetheless, collapsing across I1Q-discrepancy and low
achievement definitions, 80% of the sample is consistently identified as LD,
simply shifting from one LD subgroup to another. Changing the IQ measure
moves the observations left or right across the cut point, but does not move
them up or down because the achievement measure is the same. These shifts
are displayed in Figure 3.3 by a line that connects pairs of observations. An
observation that does not change in the identified group has the same symbol
connected by a faint horizontal line; observations that change groups have
two different symbols that are connected by a dark horizontal line. As Figure
3.3 shows, observations with IQ scores that are most different and that are
located near the cut point are most likely to shift, reflecting both
measurement error and differences between how the construct of aptitude is
assessed by Verbal and Performance 1Q.
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FIGURE 3.3. Regression lines based on the population correlations of the WJ-III Basic Reading Skills
score with Performance IQ (PIQ) and Verbal IQ (VIQ). Higher correlations are reflected in steeper
slopes, so that different decisions about group membership are made because of slight shifts in slopes.
Individual observations are connected and show significant movement around the cut points
demarcating those who meet both low-achievement and discrepancy (BOTH) definitions, only low-
achievement (LA) definitions, only discrepancy (RD) definitions, and not reading impaired (NRI).
From Fletcher, Denton, and Francis (2005a, p. 548). Copyright © 2005 PRO-ED. Reprinted by
permission.

Figure 3.4 shows these relations in a different manner. Here we have a cut
point for levels of intelligence and for low achievement. In addition, a
regression line demonstrating a cut point for an IQ-achievement discrepancy
is shown. The levels of IQ are arbitrary, reflecting decisions researchers make
about the level of IQ to exclude children from a study of LDs. These decisions
do influence decisions about the severity of the reading problem because IQ
and achievement are correlated. If we put a line for an IQ cut point at 70, it
would correspond to the traditional threshold for an intellectual disability,



but would not change the message about cut points. The low achievement cut
point of 90 is often used in research, but is at the 25th percentile and more
liberal than many schools might use. The curved line is the 1.5 standard error
regression threshold that reflects an IQ-achievement discrepancy. This line
could represent any effort to measure a two-test discrepancy because the
measures are correlated and we assume that the method accounts for the
correlation of the measures. The numbers represent actual children referred
for a study of LDs and the space they occupy in this bivariate, normal space.
In fact, the cloud-like appearance of the dispersion represents a normal
bivariate distribution in two-dimensional space, highlighting the
dimensionality of these attributes. Children who are demarcated with a “6”
meet both an IQ-achievement and a low achievement definition. Children
with a “7” meet an IQ-achievement discrepancy definition, but not a low
achievement definition because their reading scores are above 90. Children
with a “2” do not meet any definition of LDs. A “3” meets the low
achievement definition, but not the IQ-achievement discrepancy definition.
A “1”7 is excluded because of the IQ cut point at 80. Again, note the close
proximity of many children to the cut point. An adjustment of the low
achievement threshold to 85 would reclassify several children identified as “3”
into the “2” category. More importantly, what is the difference between a 2
and a 3 when they are clustered around the cut point; or a 1 and a 3? Because
of measurement error, giving the same tests twice or different, highly
correlated measures of IQ and achievement from different assessments would
shift over half the sample. In research, decisions about these cut points
directly influences the size of a group difference depending on the correlation
of the identification and outcome variables.
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FIGURE 3.4. Individual children recruited for a study of LDs using different definitions. The scores of
each child on Full Scale IQ from the Wechsler Intelligence Scale for Children—Revised (WISC-R) and
the WJ-III Basic Reading Skills are displayed as numbers, reflecting clusters of children who meet and
do not meet different definitions of a reading disability. Note the children who cluster near a line
representing an IQ cut point, a low achievement cut point, or a 1.5 standard error cut point. Courtesy
Karla Stuebing and Whitney Roper.

Solutions

There are solutions to these problems. For example, as when assessing for the
presence of intellectual disabilities (Schalock et al., 2010), eligibility could be
expressed as a range of scores based on the standard error of measurement of
a test, that is, as a confidence interval. Another approach is to propose
multiple inclusionary criteria or to assess the construct of interest using two
or more assessments, with membership in the class (i.e., eligibility) requiring
scores below the threshold on multiple indicators. A third would be to move



toward different types of psychometric approaches, such as a Bayesian
approach that captures multiple indicators that might include more than
psychometric test scores. For example, gender and family history could be
included and membership in the LD class would be expressed as a probability
figure instead of an absolute yes-or-no decision. This approach could be tied
to intervention response (Spencer et al., 2014b). Finally, a fourth approach
would be to recognize that assessments of initial status for individual people
are fraught with errors and to reconceptualize class membership (eligibility)
as a recursive process in which the system constantly revaluates the decision-
making process (Macmann et al, 1989). In many respects, this is
accomplished in methods based on RTI because of the emphasis on
screening, progress monitoring, and ongoing evaluations of intervention
response.

VALIDITY OF METHODS FOR CLASSIFYING AND
DEFINING LD

In this section we focus on studies that represent explicit tests of classification
hypotheses Note that this review of validity is based on research that occurs at
the group level and thus does not directly involve the issue of individual
identification decisions. This means that the method is based on a hypothesis
about the underlying inclusionary attributes. Groups include people who
meet and who do not meet definitions of LD based on the hypothesis. As we
discussed in Chapter 2, if the hypothesis is valid, it should be possible to
differentiate the groups based on comparisons on variables not used to define
the groups (Morris, 1988). Some may argue that these types of group
comparisons do not do justice to methods based on intraindividual
differences, where each case is unique, but scientific research always permits
disconfirmation and exactly how classification hypotheses are falsifiable when
these claims are made is not clear, especially when the proponents generate
formulae for large-scale implementation. We begin with low achievement
methods, then turn to cognitive discrepancy methods, and conclude with
methods based on RTI and the MTSS service delivery framework.



Low-Achievement Methods

The default definition of LD is to specify simple low achievement and ensure
that there are not other conditions that explain why achievement is low. We
describe this approach as a “low-achievement” method because a typical
operationalization would be based on absolute low achievement. For
example, a reading score below the 25th percentile may indicate a LD in
reading (Siegel, 1992).

A low-achievement approach does not ignore the importance of cognitive
processes as factors that represent correlates of LD. The external validity of
subgroups of LD based on the level and pattern of academic
underachievement has long been supported (Pennington, 2009; Rourke &
Finlayson, 1978). These studies, which most commonly compare children
with disabilities in reading, math, and both reading and math, show that all
forms of LD are not the same on a wide range of cognitive and other
attributes not used to form the groups. As such, these studies support the
heterogeneity of LDs and the need to tie LDs to specific domains of academic
functioning. These subgroups extend to variations in reading disability, where
children can be differentiated by patterns of strengths and weaknesses in
word recognition, fluency, and comprehension. In fact, the strongest evidence
for the validity of the concept of LD stems from the association of different
cognitive processes and different achievement domains (see Figure 2.5). In a
similar vein, there are neurological and genetic factors that are associated
with LD that are not used for identification, but are critical for scientific
understanding of LD. Low-achievement models conceptualize LD from an
age-related achievement discrepancy model, and are really examples of
instructional discrepancy methods.

Perhaps most importantly, there are interventions for each of these
domains. Because people vary in their strengths and weaknesses across
academic domains, there are clearly group-by-treatment interactions because
some people with LDs need reading instruction focused on decoding, others
on comprehension, and some in both domains; some people achieve
adequately in reading, but not in math or written expression.

In the area of reading, the presence of group-by-treatment interactions
has been dramatically demonstrated by Connor et al. (2009), who measured
child attributes involving reading decoding and comprehension. They



showed that helping teachers vary the amount of code-based versus meaning-
based instruction according to student weaknesses in decoding versus
comprehension led to better outcomes compared to classrooms in which this
assessment information and assistance were not provided. Thus, whereas
assessing cognitive processes for intervention purposes may not be associated
with qualitatively distinct cognitive characteristics, assessment of reading
components and other academic skills is justified because of the evidence for
group-by-treatment interactions. Altogether, these studies epitomize how the
validity of a classification can be established and support low achievement as
a necessary criterion for identification of LD, representing a well-validated
inclusionary criterion.

Simple low achievement departs from the original concept of “unexpected
underachievement” because the group identified with LDs would include
children with low achievement due to a variety of factors typically considered
exclusionary. However, exclusionary criteria like those discussed above could
be added to the definition, so the primary inclusionary criteria could be low
achievement and unexpectedness indicated by absence of exclusionary
criteria. This approach is still a definition based solely on low performance
and exclusions that may not be sufficient to establish “unexpectedness.”

Another problem is the level of performance that constitutes low
achievement. In research studies on reading, many use the 25th percentile. In
some math research, it has been proposed that performance below the 10th
percentile constitutes “math LD” and the 10-25th percentile represents math
low achievement, with evidence of cognitive profile differences that are
difficult to untangle from the definitions and cut points (Geary, Hoard,
Nugent, & Byrd-Craven, 2008b; Mazzocco & Myers, 2003). These definitions
are also based on longitudinal research on the stability of intraindividual
cognitive profile differences over time. As we discussed above, a problem with
this research is the instability associated with cut points of any kind, partly
because even highly reliable achievement tests have measurement error (see
Figures 3.3 and 3.4). In addition, the attributes appear dimensional, so why
differences in profiles would be expected by virtue of threshold differences
(except that elevation and shape become decoupled further down the
distribution) is not clear. The validity of these distinctions has not been
strongly demonstrated (Tolar, Fuchs, Fletcher, Fuchs, & Hamlett, 2016),



especially if level of severity is considered a marker of LD and low
achievement in math.

At a practical level, the selection of a cut point implies very specific
assumptions about prevalence. If we select the 25th percentile, and exclude
2% for intellectual disability, and some unknown proportion because of
exclusionary criteria, the figure seems high for the number of children with
LD, yet some studies report prevalence figures as high as 17.4% of the
population for dyslexia (Shaywitz et al., 1992), operationalized as a word-level
disorder (Chapter 6). Moreover, if we select people based on cut points across
five achievement domains, there will be overlap because people may have
achievement deficits in more than one domain, so the prevalence will be
much higher than 25%. We can lower the cut point, but where should it be
set? Any decision is potentially arbitrary in the absence of research relating
thresholds to adaptational difficulties.

Cognitive Discrepancy Methods

Aptitude-Achievement Discrepancy

Methods based on aptitude—-achievement discrepancies stem from Rutter and
Yule (1975), which indicated that the presence of a severe discrepancy
between IQ and achievement may be an indicator of a specific LD in reading.
In that study, exclusionary criteria were not applied and many children
identified as “backwards readers” (i.e., poor readers with no specific LD) were
brain-injured, with low IQ scores (Fletcher et al., 1994). Since this study, there
have been many efforts to validate this two-group hypothesis of differences in
IQ-discrepant and low-achieving poor readers. In Figure 3.4, this would
involve comparisons of people who would be placed into different parts of the
bivariate space shown in the figure (essentially groups 1 and 6 depending on
the definition).

Meta-Analyses of IQ—Achievement Discrepancy

Two meta-analyses of the cognitive and achievement correlates of LD in
reading have been completed. Hoskyn and Swanson (2000) identified 69
studies conducted from 1975 to 1996, coding 19 that met stringent IQ and



achievement criteria. Effect sizes were computed to compare groups of
students with higher IQ and poor reading achievement (IQ-discrepant) and
students with both lower IQ and poor reading achievement (low
achievement; LA). They reported negligible to small differences on several
measures of reading and phonological processing, but larger differences (IQ-
discrepant > LA) on measures of vocabulary and syntax.

Stuebing et al. (2002) independently identified 46 studies from a sample of
over 300 from 1973 to 1998. These studies included measures of behavior,
academic achievement, and cognitive abilities. From these studies, effect sizes
were computed for cognitive, behavioral, and achievement domains. The
effect sizes estimates were negligible for behavior and achievement. A small
effect size showing higher aggregated performance in the IQ-discrepancy
group was found for cognitive ability. As in Hoskyn and Swanson (2000),
cognitive abilities (e.g., phonological awareness, rapid naming, verbal
memory, vocabulary) most closely related to reading yielded negligible effect
sizes. Cognitive skills like those measured by nonverbal IQ subtests (spatial
cognition, concept formation) yielded small-to-medium effect sizes, also
indicating higher scores by the IQ-discrepant group. Altogether the difference
across the 46 studies in cognitive ability was about 0.3 standard deviations,
demonstrating substantial overlap between the groups on phonological,
language, and nonphonological tasks. Stuebing et al. (2002) also reported that
variation in effect sizes across studies could be modeled by the scores on the
IQ and reading tasks used to define the groups (i.e., sampling variation across
studies) and the correlation of these definitional variables with the tasks used
to compare the two groups. Thus, variation in effect sizes largely reflected
differences in how groups are formed.

These meta-analyses concur in questioning the role of discrepancies in IQ
and achievement as an indicator of LDs. However, they had different
interpretations of the role of IQ for identifying LDs. Stuebing et al. (2002)
questioned the relevance of IQ for identification, while Hoskyn and Swanson
(2000) observed that IQ was related to different indicators of LDs. Swanson
(2013) summarized several additional analyses showing that variations in IQ
mediated instructional outcomes, especially at lower levels of reading. He
concluded that “variations in IQ and reading cannot be ignored when
predicting treatment outcomes and are therefore a critical ingredient to the



identification process” (p. 638). Our view is that in order for any variable to
be important for identification, it must add value to direct assessments of
academic skills; that an outcome is correlated with or even mediates outcome
is not sufficient evidence to justify assessments for identification purposes. As
we see below, evidence for a role of IQ or other cognitive skills in
identification or prediction of treatment outcomes is limited, but remains an
important area for investigation.

Prognosis and Long-Term Development

For prognosis, null results are apparent in multiple longitudinal studies
(Flowers, Meyer, Lovato, Wood, & Felton, 2001; Share, McGee, & Silva, 1989;
Vellutino, Scanlon, & Lyon, 2000). To illustrate, Francis, Shaywitz, Stuebing,
Shaywitz, and Fletcher (1996) examined long-term development of children
defined in grade 3 as meeting an I[Q-achievement discrepancy or a
nondiscrepant low achievement definition in reading. No differences between
groups were apparent in kindergarten-grade 6. Shaywitz et al. (1999)
subsequently extended the analysis through grade 12 by using the same
cohort and methods (Figure 3.5).

Reading Score



FIGURE 3.5. Growth in reading skills by children in grades 1-12 in the Connecticut Longitudinal
Study based on the reading cluster of the Woodcock-Johnson. The children were identified at grade 3
as not reading impaired (NRI); reading disabled according to a 1.5 standard error discrepancy between
IQ and reading achievement (RDD); or having low reading achievement with no discrepancy (25th
percentile; LA). There is no difference in the long-term growth of the RDD and LA groups. From
Fletcher et al. (2002, p. 193). Copyright © 2002 Lawrence Erlbaum Associates. Reprinted by permission;
permission conveyed through Copyright Clearance Center, Inc.

Intervention Outcomes

Several studies have examined the outcomes of reading interventions in
relation to different indices of IQ or IQ-achievement discrepancy (see
Swanson, 2013), leading to a meta-analysis by Stuebing, Barth, Molfese,
Weiss, and Fletcher (2009) of 22 studies that addressed the relation of
different assessments of IQ and intervention response. IQ accounted for less
than 1% of the unique variance in intervention outcomes. The aggregated
effect sizes were not moderated by the type of IQ measure, age, or reading
outcome. Simulations of the capacity of variables with effect sizes in this
range to predict intervention response yielded little evidence of practical
significance.

Neuroimaging Studies

Tanaka et al. (2011) compared two different samples of children identified as
IQ-achievement discrepant and low achieving in reading in an fMRI
paradigm. The task involved reading of real words and pseudowords. No
differences were found in the activation patterns associated with word
reading between the two samples. Tanaka et al. concluded that

poor readers with discrepant or non-discrepant IQ scores exhibited similar patterns of
reduced brain activation in brain regions including left parieto-temporal and occipito—
temporal regions. These results converge with behavioral evidence that poor readers have
similar kinds of reading difficulties in relation to phonological processing regardless of IQ. (p.
1442)

In a subsequent study, Simos, Rezaie, Papanicolaou, and Fletcher (2014)
used magnetic source imaging to examine the relation of both verbal and
nonverbal IQ with the brain activation patterns of children experiencing
word-level reading difficulties that met or did not meet the IQ-achievement
discrepancy criterion. In addition, comparisons were made to typically



developing children who had higher and lower IQ scores. There was no
evidence of differences in the degree of activation in reading-related brain
areas based on the presence or absence of an IQ-achievement discrepancy or
according to level of IQ in poor readers, although these readers were reliably
differentiated from typically developing children.

In a later study, Hancock, Gabrieli, and Hoeft (2016) used a subset of the
children in the Tanaka et al. (2011) study, subdividing them into readers with
high IQ scores and discrepant reading relative to IQ and comparison groups
of typical readers with no discrepancy, and a group of poor readers with no
IQ-achievement discrepancy comparable in either IQ or reading level.
Activity was comparably reduced in the IQ-achievement discrepant and
nondiscrepant readers in the middle temporoparietal region relative to both
comparison groups, leading the authors to suggest that the two groups share
“atypicality” in this region. The study clearly warrants additional evaluation
in larger samples, particularly since discrepancy was defined post hoc based
on a discrepancy of about 9.2 standard score points between a vocabulary
score and a word-reading accuracy measure. Many of the high IQ-
achievement discrepant children had lower reading fluency scores. We return
to the issue of defining “gifted” children with LDs in Chapter 4, where we
observe the many problems with this concept.

Heritability Studies

The IQ-achievement discrepancy hypothesis has been addressed in
behavioral genetic studies of reading disabilities. Although Pennington,
Gilger, Olson, and DeFries (1992) found little evidence for differential
heritability based on definition into IQ-discrepant or low-achieving poor
readers, a subsequent study with a larger sample (Wadsworth et al., 2000)
subdivided the twin pairs into groups with and without reading disabilities
according to higher (> 100) and lower (< 100) IQ scores. The overall
heritability of reading skills was 0.58, but varied according to level of I1Q: the
lower IQ, reading-impaired group had a heritability estimate of 0.43, whereas
the estimate was 0.72 for the higher IQ, reading-impaired group. These
differences in heritability are statistically significant, but are small; almost 400
twin pairs were required to detect the difference.



Alternative Approaches to Measuring Aptitude

Are other indices of IQ or assessments of listening comprehension better
measures of aptitude? Some have advocated for the use of nonverbal IQ
measures (e.g., Performance IQ; PIQ) because this type of measure is less
confounded by language, and many students with LDs have language
difficulties (Rutter & Yule, 1975). Alternatively, Hessler (1987) suggested that
a verbal measure of IQ was a better aptitude assessment because difficulty in
learning to read should represent a discrepancy relative to language potential.
Here the distinction is essentially between students who do not learn to read
despite adequate verbal skills, and those whose reading difficulties are part of
a constellation of language problems. Finally, others have argued that a
listening comprehension measure is a better index of aptitude for learning to
read because a reading disability should represent a discrepancy between
listening comprehension and reading comprehension (Spring & French,
1990).

Many of these decisions will be reflected in the correlation of aptitude and
achievement. Note the differences in the regression lines in Figure 3.3 for
Verbal IQ and Performance IQ with reading. Performance IQ has a lower
correlation with reading compared to Verbal IQ, so more students would be
identified as discrepant. But the conceptualizations of aptitude are different,
so this could affect the validity of the classifications. Not surprisingly, given
the psychometric problems that emerge with any effort to use discrepancy
scores, there is no support for the greater validity of these approaches.
Fletcher et al. (1994) and Stanovich and Siegel (1994) found only slight
differences in the magnitude of effect sizes in relation to word recognition
discrepancies. Like Aaron, Kuchta, and Grapenthin (1988) and Badian
(1999), Fletcher et al. (1994) found small differences between discrepant and
nondiscrepant poor readers based on a discrepancy between listening
comprehension and reading comprehension (effect size = 0.20). In contrast,
Spencer, Quinn, and Wagner (2014a) found that a discrepancy with listening
comprehension contributed unique variance to a formula predicting reading
disability, but the listening comprehension measure was actually a vocabulary
assessment. The use of listening comprehension requires better assessment of
the construct.



IQ-Achievement Discrepancy and Other Disabilities
Math LDs

In the area of math LDs, results are similar for reading LDs, with little
evidence for differences in math calculation or problem-solving cognitive
profiles of discrepant and nondiscrepant poor readers (Fletcher et al., 2005a;
Mazzocco & Myers, 2003; Tolar et al., 2016).

Specific Reading Comprehension Disabilities

There are few studies that use IQ-achievement discrepancies to define groups
with specific reading comprehension disability (SRCD) and the issue of IQ or
IQ-achievement discrepancy has had little impact on research on SCRD. As
we discuss in Chapter 8, more general verbal processing difficulties underlie
SCRD, highlighting the difficulties that would emerge if IQ were controlled in
studies of poor comprehenders. Even in typically achieving readers, Verbal
IQ accounts for only a small amount of the variability in reading
comprehension skills (Oakhill, Cain, & Bryant, 2003).

Speech—Language Impairments

The federal definition of LDs includes disorders of oral expression and
listening comprehension. These disorders can also be represented as
disorders of expressive and receptive language, which constitute a separate
category in special education under IDEA. Tomblin and Zhang (1999)
evaluated the role of IQ in children with oral language disabilities and found
little evidence for differences in relation to IQ-achievement discrepancy in a
large epidemiological sample. They concluded that “current diagnostic
methods and standards for specific language impairment do not result in a
group of children whose profiles of language achievement are unique” (p.
367). A consensus group convened by the National Institute of Deafness and
Communication Disorders concluded that the practice of using IQ scores to
identify children with these disorders was not supported by research and
practice (Tager-Flusberg & Cooper, 1999).

Summary: Aptitude-Achievement Identification Methods



Table 3.1 summarizes the major issues that have emerged from research on
aptitude-achievement discrepancies. Acceptance of the null hypothesis of no
differences is always a difficult inference to support. Moreover, there are
some studies that demonstrate statistically significant differences between
IQ-achievement discrepant and low-achieving groups. However, these effects
are generally small and of questionable practical significance because they do
not suggest differences in treatment needs and outcomes. Moreover, there is
little evidence that IQ scores are useful for planning instructional programs
for children with LDs (Elliott & Resing, 2015). In a situation where weak
validity accrues over multiple comparisons, the question is whether there are
more fundamental problems with the classification framework underlying the
hypothesis.

TABLE 3.1. What’s Wrong with IQ-Achievement Discrepancy?

1. IQ-achievement discrepant and nondiscrepant low achievers do not differ practically in
behavior, achievement, cognitive skills, response to instruction, and neurobiological
correlates once definitional variability is controlled (Stuebing et al., 2002). The classification
lacks validity.

2. 1Q s a weak predictor of intervention response, especially if baseline academic skills are in the
model (Stuebing et al., 2009).

3. There is little evidence of difference in brain activation profiles (Tanaka et al., 2011; Simos et
al., 2014).

4. Status methods for identification may not be reliable or stable based on a single assessment or
rigid cut point (Macmann & Barnett, 1985, 1997; Macmann et al., 1989; Francis et al., 2005).

Intraindividual-Difference Methods: PSW

There is little empirical research by the proponents on the validity of PSW
methods (Schneider & Kaufman, 2017). Claims about validity are often
restricted to single case studies or cluster analyses where poorly validated
subtypes emerge. In more recent studies, Miciak et al. (2014b) compared low-
achieving children with reading problems identified with LDs and as “slow
learners” on achievement tests not used to define the groups. As Figure 3.6
shows, there was little difference in the shape or elevation of the achievement
profiles generated by four different operationalizations of PSW methods.
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FIGURE 3.6. Comparison of achievement profiles not used to define groups of children with specific
learning disability and slow learners in two PSW methods. There are no significant differences in the
shape or elevation of the achievement profiles. TOSREC, Test of Silent Reading Efficiency and
Comprehension; W], Woodcock-Johnson; GRADE, Group Reading Assessment and Diagnostic

Evaluation. Data from Miciak, Fletcher, Stuebing, Vaughn, and Tolar (2014a). Courtesy Whitney
Roper.

In another study, Miciak et al. (2016) used a large intervention database
with extensive assessments of cognitive functions to determine if
identification of a child as LD or not LD under the C-DM or the XBA
improved the prediction of treatment outcomes. Figure 3.7 shows the design
of the study from pretest to intervention and the application of these PSW
methods. There was little evidence of value-added increments relative to
baseline assessments of reading skills. Individual cognitive assessments in the
absence of the application of PSW methods also did not contribute
significantly to the prediction of treatment outcomes relative to baseline
measures of reading. Consistent with these results, in a meta-analysis
Stuebing et al. (2015) found that different cognitive measures explained
extremely small amounts of growth in RTI when initial status in reading skills
was taken into account.
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FIGURE 3.7. Design of Miciak et al. (2016), showing pretest, treatment, and outcomes. Status as
reading disabled versus reading impaired, but not learning disabled based on a PSW method did not
significantly increase the prediction of treatment outcomes relative to baseline pretest reading levels.
Courtesy Whitney Roper.

It is ironic that PSW methods are proposed when the basic psychometric
issues and shortcomings are well understood and have been documented for
many years. In studies of profile analysis based on the Wechsler intelligence
scales, little evidence has emerged linking LDs to patterns of strengths and
weaknesses (Kavale & Forness, 1984; Watkins & Canivez, 2004). In a
simulation, Macmann and Barnett (1997) evaluated differences in Verbal IQ
and Performance IQ factor index scores and ipsative profile patterns on the
Wechsler Intelligence Scale for Children—Third Edition (WISC-III),
reporting that the reliability was poor and that practitioners should not use
the results for making identification decisions. The measurement issues make
any method based on cognitive discrepancies unlikely to achieve reasonable
levels of reliability. Nonetheless, there are still advocates for the use of
Wechsler scale performance patterns for identification of LD (Hale &
Fiorello, 2004).

Finally, advocates of PSW cite interactions of cognitive process treatment
and academic outcomes as evidence for the validity of these methods, arguing
that the specification of a cognitive profile is necessary to understand how to
design an effective intervention for the person. However, little evidence
supporting the effectiveness of interventions based on cognitive-process
profiles has emerged, much less for interactions of cognitive processes and
interventions to influence treatment outcomes (Mann, 1979; Kearns & Fuchs,



2013; Pashler, McDaniel, Rohrer, & Bjork, 2009). In a recent meta-analysis,
Burns et al. (2016) examined the role of cognitive tests in relation to
intervention. Across different uses (screening, intervention design), there was
an effect of cognitive tests and outcomes (g = .17), which was much smaller
than the effect of reading fluency (g = .43) and phonological awareness (g =
48).

Table 3.2 summarizes the problems that have emerged in research on
PSW methods. Again, there is weak validity for this general approach to
cognitive discrepancy. As Elliott and Resing (2015) stated:

Current evidence indicates that cognitive measures have limited relevance for instructional
planning, and cognitive programs have yet to show sufficient cognitive gains. . . . Our energies
should be devoted to the continuing development of powerful forms of academic-skills-based
instruction operating within a response to intervention framework. (p. 137)

TABLE 3.2. Problems with PSW Approaches to Identification

1. The statute does not mandate that cognitive skills be assessed—just their manifestations.

2. Proponents have conducted little research on how PSW methods actually work and are
related to instruction (Schneider & Kaufman, 2017).

3. PSW is predicated on a straw person view of RTI. There is no standalone RTI identification
method and a comprehensive evaluation is always required regardless of the identification
method.

4. Psychometric issues with discrepancy scores of any kind are well known, especially the use of

rigid cut points, profile interpretations, and difference scores (Francis et al. 2005; Stuebing et
al., 2012).

Methods Based on RTI

The differences between a traditional method based on cognitive discrepancy
or low achievement versus a method embedded in the RTI method are
presented in Figure 3.8. Identification through an RTI method that
incorporates instructional response moves from a traditional refer, test, and
treat model (left side) to one based on an MTSS. The MTSS service delivery
framework (see Chapter 5) involves screening, introduction of increasingly
intensive interventions as a series of tiers beginning in the general education
classroom, progress monitoring, and repeated assessment to identify
inadequate responders at each level of intervention (right side). From a



classification perspective, the identification of a child considered as having an
LD within a MTSS framework focuses on evidence of inadequate
instructional response, which is an inherent inclusionary characteristic. Thus,
children with all types of LDs share intractability to instructional programs
that are effective with most children.
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FIGURE 3.8. A comparison of a traditional referral and assessment model and a model based on RTI.
On the left-hand side, the student is typically referred for an eligibility evaluation. The student is either
eligible or not eligible; if eligible the student receives intervention that is evaluated every 1-3 years. In a
method based on RTI, all children in a service delivery framework based on an MTSS would be
screened; those at risk receive progress-monitoring assessments and immediate intervention. If there is
inadequate response to different interventions, a comprehensive evaluation may occur. Courtesy of
Maureen Dennis.

Empirical studies suggest that classifications based on differential
intervention response consistently differentiate groups on a number of
characteristics, including academic level (Al Otaiba & Fuchs, 2006; Nelson,
Benner, & Gonzalez, 2003; Vellutino, Scanlon, Small, & Fanuele, 2006),
cognitive characteristics (Fletcher et al., 2011; Miciak et al., 2014b), behavior



(Al Otaiba & Fuchs, 2006; Nelson et al., 2003), and brain activation patterns
(see Chapter 6; Molfese, Fletcher, & Denton, 2013; Rezaie et al., 2011a,
2011b). Such data provide evidence for the validity of intervention response
as a classification attribute because they show that subgroups of adequate and
inadequate responders can be differentiated across attributes not utilized for
group formation. The fundamental question is whether group separation
between adequate and inadequate responders reflects differences in the level
of performance or differences in the pattern of performance. A difference in
pattern would suggest that the subgroups are qualitatively different, whereas
differences in level of performance on related attributes represents differences
in severity. Either pattern lends validity to the classification.

The findings are generally consistent with a continuum-of-severity
hypothesis (Vellutino et al., 2006), in which achievement and achievement-
related abilities lie on a continuum reflecting the severity of the achievement
difficulty. To illustrate, Fletcher et al. (2011) compared cognitive attributes in
typically achieving, adequately responding, and inadequately responding
grade 1 children who received intervention. These students were defined as
inadequate responders to Tier 2 instruction to adequate classroom
instruction based on both decoding and fluency deficits and on only fluency
deficits. Figure 3.9 presents the profiles across norm-referenced measures
available on this sample. The measures included assessments of phonological
awareness, rapid naming, expressive and receptive language, working
memory, vocabulary/verbal knowledge, and nonverbal problem solving. In
general, multivariate statistical tests were not significant for comparisons of
the two inadequate responder groups, but both differed from the responder
group. Figure 3.9 shows that elevation differences across groups tended to
occur for each variable, but the shapes of the profiles are relatively similar.
Measures of phonological awareness and working memory/syntactic
comprehension accounted for most of the unique variance across
comparisons.
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FIGURE 3.9. Cognitive profiles of inadequate responders with decoding and fluency deficits and only
fluency deficits, responders, and typically developing children. The significant differences in levels of
cognitive skills reflect the severity of the reading problem, with inadequate responders meeting poor
decoding and fluency criteria showing the most severe reading problems and, in the figure, the lowest
levels of cognitive functions. Note that the profiles differ largely in elevation, not shape. CTOPP PA and
CTOPP RAN, Phonological Awareness and Rapid Automatized Naming subtests of the Comprehensive
Test of Phonological Processes; CELF C&D and CELF-USP, Concepts and Following Directions and
Understanding Spoken Paragraphs subtests of the Clinical Evaluation of Language Fundamentals,
Fourth Edition (CELF); WC-E and WC-R, Word Classes—Expressive and Word Classes—Receptive
subtests of the CELF; WRAML VMI and WRAML VMD, Verbal Memory Immediate and Verbal
Memory Delayed subtests of the Wide Range Assessment of Memory and Learning, Second Edition.
From Fletcher, Stuebing, Morris, and Lyon (2013, p. 46). Copyright © 2013 The Guilford Press.
Reprinted by permission.

Altogether, these studies provide validity for identifying inadequate
responders in the context of an RTI model by providing evidence for the
effective isolation of inadequate responders as a subgroup unique to other
students who struggle with academic skills at the lower end of a continuum of
severity.



A HYBRID APPROACH

One solution to the difficulties posed by multiple conceptual models and
unreliable identification methods is to use multiple criteria for LD
identification. In addition, psychometric approaches that take into account
the issues with measurement by computing confidence intervals and clearly
defining costs and benefits in terms of false positive and false negative errors
would be helpful to the field. It is not possible to take a single index and use it
in an actuarial fashion to identify LDs. The goal of identification often being
to find the “right” child reflects a system that has its origins in entitlement
programs in which funds are distributed based on the presence of key
attributes, without consideration of these attributes’ relation to the need for
specific services. In fact, the goal of LD identification should be to identify
children who would benefit from intervention resources as well as civil rights
protections. As such, the tendency of cognitive discrepancy models to
generate high false positive errors relative to true negatives is a very
conservative approach. False positive errors may be undesirable from an
accounting view, but they are acceptable in a system oriented toward
assessing instructional response and where a key characteristic of LDs is
instructional response. As Macmann et al. (1989) lamented in decrying the
unreliability of actuarial decisions about LD, many of these problems would
be less acute if identification were oriented toward intervention and multiple
criteria were used.

We support the classification approach recommended by a consensus
group of researchers convened by the U.S. Department of Education Office of
Special Education Programs (Bradley, Danielson, & Hallahan, 2002). It
combines features of a simple low-achievement method with those of an
instructional response method, the key being the idea that intractability to
intervention is an inclusionary criterion that addresses the limitations of
methods based solely on low achievement and/or application of exclusionary
factors. Moreover, as we demonstrate in Chapter 4, this approach to
classification and definition lends itself to a comprehensive evaluation that is
less time-consuming and gives priority to intervention because of its focus on
the assessment of academic skills and instructional response.

This group suggested three primary criteria, the first two of which are
inclusionary (Bradley et al., 2002): (1) student demonstrates low achievement;



(2) student demonstrates insufficient response to effective research-based
interventions; (3) exclusion factors such as intellectual disabilities, sensory
deficits, serious emotional disturbances, a lack of opportunity to learn, and
being language-minority children (in whom lack of proficiency in English
accounts for measured achievement deficits) should be considered.

Thus, identifying children as LD, whether as part of the process stipulated
in IDEA (2004), a clinic outside of school, or in research, requires the
presence of low achievement and inadequate response to quality instruction
as inclusionary criteria. If an achievement deficit is present and the student
demonstrates intractability in response to quality instruction, this may
indicate that the low achievement is unexpected. Cognitive discrepancies do
not provide this assurance. In addition, low achievement and inadequate
intervention response may be due to other disabilities, such as a sensory
problem, intellectual disability, or another pervasive disturbance of cognition.
These disorders have different identification criteria and require
interventions that address a much more pervasive impairment of adaptation
that contrasts with the narrow impairment in adaptive skills that
characterizes LD. Contextual factors that interfere with achievement, such as
limited English proficiency, comorbid behavioral problems, and economic
disadvantage should also be considered (see Chapter 4).

CONCLUSIONS: DEFINITION AND
CLASSIFICATION

Psychometric Issues

Because the attributes of LDs are likely to vary on a continuum and are
therefore dimensional, identification may be improved by moving away from
categorical decisions and considering the likelihood or probability of LD, or
more importantly, the likelihood that a person would benefit from
intervention. Ideally, the effect sizes of interest would be based on theory or
on empirical research that links the estimated size of a discrepancy to
achievement performance or to instructional response. Presently, all
identification methods for LDs have issues with cut points that are usually not
addressed. If criteria for LDs are defined as achievement or instructional



response below the 25th percentile or a difference of one standard deviation
between two cognitive attributes, they are arbitrary because selection of these
specific cut points is not grounded in some set of external criteria for LDs.
We would recommend that cut points be set relatively high or that confidence
intervals be used around a particular cut point because false positive errors
are less detrimental than false negative errors. False positives can be evaluated
in the context of intervention response, but presently many children receive
intervention or remediation with infrequent progress monitoring, with the
potential of languishing in an intervention that is not working. Moreover, the
decision process may shift toward a multiaxial, consensus method in which
the judgments made by a clinician or team should be evaluated for reliability
and data from this evaluation used to enhance accuracy, especially in relation
to treatment outcomes. There are certainly situations where the child is not
achieving because of poor school attendance, lack of motivation, or emotional
difficulties; these should be assessed and treated, necessitating comprehensive
evaluations of children with LDs, so that keeping them is reasonable even
though reliable application on a case-by-case basis is not straightforward. The
main focus should be on instructional response and determinations of the
different reasons why children are not responding to adequate instruction,
one of which is LDs, which may make these determinations more
straightforward and treatment-related.

What Is a Slow Learner?

One common reaction to the lack of validity of classifications based on
cognitive discrepancies involves children who don’t meet criteria for LDs
under these methods, invoking the concept of “slow learners” or the Rutter
and Yule (1975) notion of “generally backwards readers.” Like Elliott and
Grigorenko (2014), we find little evidence supporting the referencing of
achievement levels to IQ or to other cognitive discrepancies, or even for the
commonly expressed idea that we should have different expectations for
academic learning in children with IQ scores that are one to two standard
deviations below average (i.e., 70-85). The critical issue is whether there is
evidence of an intellectual disability, which then involves the level of adaptive
behavior. Children with intellectual disabilities have significant problems



with conceptual, social, and/or daily living skills. Adaptation difficulties in
people with LDs are narrow and restricted to areas involving schooling; social
skills are often an issue because of their cognitive difficulties and their
problems in school, but still represent relatively narrow areas of adaptation.

Moreover, what is lurking behind concepts like the slow learner is a
somewhat pernicious notion that a person’s biological endowment for
learning can be indexed by an IQ test or evidence of individual differences in
learning. This is an assumption that has its origins in the earliest development
of IQ tests and one that has been debated since their inception (Kamin, 1974).
As stated by Cyril Burt (1937), “Capacity must obviously limit content. It is
impossible for a pint jug to hold more than a pint of milk and it is equally
impossible for a child’s educational attainment to rise higher than his
educable capacity” (p. 477). This view of aptitude assessment in which IQ
limits a child’s learning potential has been termed “milk-and-jug” thinking
(Share et al., 1989) because of the unproven assumption that IQ sets an upper
limit on educational outcomes. We have reviewed considerable evidence
showing weak relations between 1Q and other cognitive discrepancies with a
variety of external variables.

Our questioning of cognitive discrepancy conceptualizations of LDs does
not mean that we equate any form of low achievement with LDs. As we
discuss in the next chapter, there are contextual factors and other conditions
that lead to low achievement. These factors and conditions need to be
identified and evaluated as part of a comprehensive evaluation and, most
importantly, treated. In contrast to cognitive discrepancy models, we have
reported evidence for the validity of conceptual frameworks for LDs based on
inadequate instructional responses. We stipulate that what differentiates LDs
from other forms of low achievement at the inclusionary level is evidence of
intractability to instruction. This is an alternative way of thinking about LDs
in that low achievement and difficulties responding to a series of increasingly
intensive interventions are essential for identification. This squares the
concept of LDs with typical achievement, prioritizes early intervention and
treatment, and helps teachers think about people with LDs as harder to teach,
not unable to learn. This emphasis on intractability is a fundamental change
in the perception of people with LDs that focuses on how to best teach them
and not on how to best diagnose them.



The identification of LDs needs to be much more fluid, especially if LDs
are seen as an instructional problem. Such a change will be facilitated it
classifications of LDs are based on instructional models and unexpected
underachievement is viewed in part as intractability to instruction. These
approaches also allow us to move away from the unreliability of individual
identifications toward a recursive identification method where errors can be
corrected over time and identification is dynamic, not static. As Macmann et
al. (1989) stated almost 30 years ago:

Even though the psychometric difficulties may never be completely resolved, classification
systems should at least be based on a coherent psychology of helping. . . . Although there is no
shortage of children who experience problems in adjustment and the acquisition of essential
skills, assessments of the characteristics of these children are important to the extent that
contributions are made to the design and evaluation of meaningful interventions.
Assessments and classifications can be guided by principles of intervention design . . . with
expected errors of judgment and measurement partly moderated through a recursive system
of reflective and empirical practices. . . . The concept of sequential decisions is fundamental,
permitting fallible data and resulting decisions to be evaluated over time, and modified as
necessary, in an iterative fashion. (pp. 145-146)

Methods based on RTI incorporate this idea of a recursive, sequential
approach to identification through an MTSS service delivery framework and
potentially make identification self-correcting, viable, and tied to
intervention. As we see in Chapter 4, this approach and the hybrid method
we advocate suggests changes in how assessment occurs, prioritizing
screening and progress monitoring as essential characteristics.



CHAPTER 4
T

Assessment of Learning Disabilities

The review of classification models and identification methods in Chapter 3
leads directly to a clinical assessment approach for individuals where LDs are
an issue (Fletcher, Francis, Morris, & Lyon, 2005b; L. S. Fuchs & D. Fuchs,
1998). The tests and procedures selected for any assessment are derived from
a classification model, which specifies the constructs that need to be
measured. If the classification is based on a cognitive discrepancy, such as an
aptitude—achievement discrepancy model, the primary tools would be the
tests used to measure aptitude (e.g., IQ or listening comprehension) and
achievement (e.g., reading, math, and written language). Alternatively, the
identification method could be based on patterns of strengths and weaknesses
in cognitive skills and would utilize cognitive-processing measures, or
neuropsychological tests, as well as achievement measures. If the classification
reflects a low-achievement model, aptitude would not be measured in favor of
a focus on achievement. If a model emanates from RTI, assessments of the
quality of instruction and instructional response would be required.

In the hybrid model we proposed in Chapter 3, an evaluation of LD
requires an assessment of intervention response, norm-referenced
assessments of achievement, and an evaluation of contextual factors and
associated conditions that contribute to the achievement problems. Most
important, this component of the evaluation may suggest alternative
intervention needs that differ from those that directly address achievement
issues through instructional methods. For example, a comorbid condition



such as ADHD may be identified, which would require additional
intervention methods beyond those directed solely at improving reading,
math, or writing skills.

TEST AND TREAT VERSUS TREAT AND TEST

An approach to the assessment of LDs based on the hybrid model is different
from the traditional test-to-diagnosis approaches that have dominated the
assessment domain for many years (see Figure 3.8). In the approach to
identification that we propose, LDs are not “diagnosed” on the basis of a
battery of psychometric tests administered on a single occasion. Rather, LDs
are identified only after a specific attempt is made to systematically instruct
the person. We question whether LDs can be reliably and validly identified in
the absence of intervention. We suggest that ensuring adequate opportunity
to learn is a prerequisite to the identification of LDs, regardless of the setting,
so that traditional test-to-diagnosis approaches can, at best, identify the
person as being “at risk” for LDs. However, a single assessment will not lead
to reliable identification if the approach is based on strictly applied cutoft
scores or formulae (see Chapter 3).

Figure 4.1 provides a diagram of the three components of an evaluation
under the hybrid method proposed in Chapter 3. The first two components
are inclusionary: evidence of low achievement and inadequate instructional
response. The third component includes an evaluation as needed for
exclusionary conditions, such as a sensory or motor disorder or an
intellectual disability; other often comorbid disorders such as ADHD and
other behavioral and emotional problems; and contextual factors such as the
home environment, economic disadvantage, and lack of majority language
proficiency. All of these aspects of the third component are considered
exclusionary of LDs; however, note that they are inclusionary of other
conditions associated with low achievement and, in terms of contextual
factors, must be the primary factor associated with low achievement. The
primary purpose of assessment in an instructional model of LDs is not to
decide who meets criteria for LDs, but to sort through different factors
associated with low achievement and develop an intervention plan that may
or may not involve LDs regardless of the factors believed to be primarily



associated with low achievement.

The ATl Approach to Evaluating Learning Disabilities

Low Instructional Exclusionary
Achievement Hesponse and Contextual
Factors
1. Basic reading skill 1. Universal screening 1. Sensory or motor
2. Reading comprehension 2. Progress monitoring problems
3. Mathematics calculaton 3. Fidelity of instruction 2. Inmtellectual disability
4. Mathematic problem 3. Limited English
solving proficancy
5. Written expression 4. Economic disadvantage

5. Behavioral problems
and comorbid disorders

FIGURE 4.1. Rubric for identifying LDs in a hybrid model. The three components are evaluations for
low achievement, inadequate instructional response, and other conditions and contextual factors
associated with low achievement. Courtesy Whitney Roper.

The goal of any evaluation should be to intervene as soon as possible with a
person who is struggling to achieve. In schools, screening for reading, math,
and behavior problems can be done on a large scale, as advocated in the
National Research Council consensus report on minority overrepresentation
in special education (Donovan & Cross, 2002) and implemented in states like
Texas (Foorman, Fletcher, & Francis, 2004). Screens should be very brief (< 5
minutes) and oriented to ensuring that children who are not “at risk” are
accurately identified. In other words, missing an at-risk child is a more
serious decision error than failing to identify a child who is at risk (false
positive). Progress will be monitored and false positives can be identified.
Screening is a triage system to identify those who need monitoring.

Since IDEA 2004 was passed with its support for RTI-based approaches to
identification (see Chapter 2), universal screening and progress monitoring
have become more widely implemented as key components of this approach.
In the context of an MTSS service delivery framework (Chapter 5), those who
are identified as at risk should have their progress monitored with
curriculum-based measures (CBMs) and receive increasingly intensive
interventions that may eventuate in identification for special education if the



student responds inadequately to quality intervention and meets additional
criteria (Kovaleski, VanDerHeyden, & Shapiro, 2013; Vaughn & Fuchs, 2003).

This approach, central to an MTSS framework, relies on a “treat-and-test”
model to prioritize establishment of a disability over establishment of a
disorder. In most eligibility systems, disability status depends on both the
presence of a disorder and evidence that the disorder interferes with adaptive
functions, so there is evidence that the disorder is disabling. This is apparent
in the new DSM-5 as well as in IDEA 2004 (see Chapter 2), where evidence of
problems with adaptation (DSM-5) or educational need (IDEA 2004) is
required. Evaluating instructional response is one way to operationalize the
disability component of an evaluation for LDs.

As we suggested in Chapters 2 and 3, inadequate instructional response is
the marker of unexpected underachievement in a classification and
identification framework emanating from RTI. This criterion is inclusionary
and must be present for identification. In cognitive discrepancy frameworks,
inadequate instruction is exclusionary. In an RTI method, adaptive
impairment is determined first (i.e., evidence that the child does not achieve
at some benchmark despite quality instruction). In the absence of an
assessment of intervention response, the assessment of educational need has
been somewhat subjective. This subjectivity is partly responsible for the
confusion that emerges when an interdisciplinary team denies eligibility
despite an identified disorder that sometimes, but not always, interferes with
school performance.

This scenario often occurs when a school considers an evaluation that was
conducted independently (i.e., outside of schools, but in mental health or
psychoeducational clinics or other private settings). In our view, the basis for
identification should still reside in the hybrid model described in Chapter 3
(Bradley et al., 2002). In clinic situations, it may be necessary to initially
establish evidence of low achievement. Evidence of low achievement should
first lead to concerns about the quality of the instruction the child has
received. Assessments of IQ or cognitive-processing skills to “diagnose” LDs
should occur only if the child presents with concerns about disorders that
require such assessment (e.g., the use of IQ tests to establish an intellectual
disability). Professionals who conduct assessments related to LDs should have
a working knowledge of educational interventions and a relationship with



professionals in or out of school who can provide intervention and measure
intervention response in individuals with achievement difficulties. These
interventions are tied to strengths and weaknesses in academic domains and a
good assessment of these domains can help differentiate instruction (Spear-
Swerling, 2015). If necessary, the intervention professional can independently
evaluate progress in conjunction with more frequent assessments of learning,
which are produced over the course of intervention.

At the same time, we recognize situations involving eligibility for
accommodations on college assignments, college entrance examinations, and
other high-stakes assessments (Lovett & Lewandowski, 2015; Mapou, 2009).
In these situations, we suggest looking carefully at the individual’s history to
understand why a potential disability was not identified, and, if possible,
looking at the history of instruction and intervention. In addition, we would
use a de facto low-achievement method with assessment of contextual factors
and other potential disabilities. We do not see sufficient empirical support for
the value of accommodations on college entrance examinations, such as the
Scholastic Aptitude Test, when based on complete cognitive and achievement
assessment batteries, or evidence of an achievement deficit with a correlated
processing deficit (but see Lovett & Lewandowski, 2015, for a more nuanced
view of this issue, where research is really in its infancy). Not only does this
approach fail to take into account the effect of intervention on the “profile,”
but also, as shown in Chapter 3, such assessments do not have strong
reliability or validity. It is unfortunate that LDs are not always identified, but
examiners should take no reassurance in comprehensive cognitive or
neuropsychological assessments. In the end, it will be the history and level of
achievement that drive identification, and more importantly, the need for
accommodations and specialized interventions.

ASSESSMENT PRINCIPLES

Heterogeneity of LDs

Prior to discussing evaluations of intervention response, achievement, and
contextual factors, the question of the relevant domains of LDs should be
addressed. This question reflects long-term concerns regarding the



heterogeneity of LDs—the fact that the construct of LDs can be rooted in
impairment in any one of several different domains of achievement. LDs are
largely domain-specific. This means that disabilities involving reading, math,
and written expression are different in phenotypic characteristics and
intervention needs. Although many people with LDs have impairment in
more than one domain, prototypes for subgroups of people with disabilities
are specific to the domains of reading and math. This heterogeneity alone
complicates the proposition that LDs can be subsumed under a single
overarching conceptualization. At the same time, there is evidence for
domain-general factors, especially in comorbid associations with working
memory, processing speed, and oral language comprehension representing
the most likely cognitive processes applicable across domains. More research
is, however, needed to understand potential domain-general factors. There is
little evidence that assessment of these domain-specific factors facilitates
identification, but it is possible they relate to intervention (L. S. Fuchs et al.,
2014b; Willcutt et al., 2013).

What to Assess

Five academic prototypes epitomize the domains of a hypothetical
classification of LDs we proposed in Chapter 1 involving the domains of
word-level reading and reading comprehension, mathematics calculation and
problem solving, and written expression (Table 4.1). However, these domains
are not consistently reflected in IDEA 2004, which included eight domains of
LDs. Two involved oral expression and listening comprehension, which were
also addressed in the speech and language category of IDEA 2004. The reason
for this duplication is that these conditions are described in the 1975 U.S.
statutory definition of LDs, which includes disorders of listening and
speaking (Chapter 2). Even if listening comprehension is not regarded as a
component of receptive language, it closely parallels reading comprehension
in children who do not show word-reading disabilities (Chapter 7). Although
in our first edition we advocated for inclusion of reading fluency as a separate
subgroup, as in IDEA 2004, we now believe that reading fluency problems
represent more general problems with automaticity of basic academic skills.
In the reading fluency domain, problems with automaticity are extensions of



difficulty with the accuracy and automaticity of word-level skills. Similarly,
automaticity of basic skills are factors for math fluency, and likely for written
expression. In math, fluency difficulties represent a failure to automatize
knowledge of basic facts and their application in online problem solving, but
this is less well understood than in reading, where the problem is automatic
recognition of sight words (Chapter 10). In written expression, automaticity
of transcription skills is important for fluency in writing, but more research is
needed. We have provided a discussion of automaticity issues in Chapter 10.

TABLE 4.1. Subgroups Forming a Hypothetical Classification of LDs

Disability type Component academic deficits

Reading disability Word recognition and spelling

Reading disability Comprehension

Mathematics disability Computations

Mathematics disability Problem solving

Written expression disability Handwriting, spelling, and/or compositic

Norm-Referenced Achievement

The evidence that supports the hypothesis of this classification of LDs is
summarized in Chapters 6-9. For assessment purposes, these domains of
potential low achievement must be evaluated as part of the hybrid model,
along with assessments of automaticity. These assessments can be completed
with norm-referenced achievement tests. This assessment ensures that low
achievement is directly measured with tests of high reliability and validity and
also provides an assessment that, with assessments of instructional response,
provides multiple indicators for determining LDs. Finally, patterns across
academic domains can help differentiate instruction (Spear-Swerling, 2015).

Instructional Response

Assessments of instructional response are best accomplished with progress-
monitoring methods, such as CBMs. These methods are best developed for



word recognition, reading fluency, math computations, writing, and spelling.
They typically involve timed assessments, but a variety of procedures can be
adapted (see Kovaleski et al., 2013). It is possible to assess reading
comprehension with CBM measures using cloze or maze tests, but the format
provides a limited assessment of comprehension, which in itself is difficult to
assess because it reflects multiple underlying processes. Reading fluency
CBMs, however, are strong predictors of reading comprehension. The
difficulty in assessing complex skills such as reading comprehension, math
problem solving, and written expression is one of the main reasons why we
suggest that norm-referenced assessments of the achievement domain are
important for identifying LDs. The other reason is to increase reliability of
identification with multiple measures and criteria.

Progress monitoring can be done using a variety of methods, although
CBMs are the most validated method. In terms of norm-referenced tests, it is
possible to employ widely used norm-referenced tests if the interval between
start and completion of intervention is sufficiently long. Usually, more
frequent assessments with CBMs are preferred. With such tests, alternate
assessment forms can be used repeatedly to model student improvement as a
function of intervention, but only at sufficiently long intervals of time
(usually several months). There are alternate forms for frequent CBM data
collection, many of which have been reviewed by the National Center for
Intensive Intervention (www.intensiveintervention.org). As the reviews by this
center indicate, CBM procedures vary considerably in terms of reliability,
number of forms, grades, and academic domains addressed. However,
research substantiates that some forms of CBM provide sound information
about how well students are progressing. These measures are reliable (above
.90) at elementary and middle school levels (Barth et al., 2012; Espin, Wallace,
Lembke, Campbell, & Long, 2010). Although passage fluency measures do
not directly index comprehension, correlations with standardized measures
of reading comprehension range from .50 to .90 for early grade readers (Barth
et al., 2012; Shinn, 1989). Because estimates tend to vary for individual
passages, it can be important to average performance across two to three
passages, especially when summative decisions like postintervention
performance are made.



Contextual Factors and Other Conditions

The final component involves assessment to identify contextual factors
and/or other disorders sometimes considered “exclusionary” of LD. This
component is operationalized using rating scales to screen for comorbid
ADHD and other behavioral and emotional difficulties, interviews, history,
and formal assessments related to other disorders that may be exclusionary of
LDs. Standardized tests may be needed for determining intellectual
disabilities and majority language proficiency, but these should be completed
only when there is a question warranting such assessments. In an
instructional model, the child has been in intervention and there should be
hypotheses about the basis for inadequate levels of achievement that, along
with inadequate instructional response, lead to the evaluation.

What Not to Assess

Assessments that do not lead to reasonable interventions do not need to be
completed. Funds not spent on assessments can be used to support
intervention. Children should be routinely screened for peripheral vision and
hearing problems and should be in good physical health. There are no routine
indicators for blood tests or brain scans related to LDs. Referrals to a
behavioral optometrist are not indicated (Chapter 6) or to an audiologist for
“auditory processing problems.” There is little evidence that supports the
validity of associations of these questionable diagnoses with LDs, much less
the validity of the interventions that stem from them. As we discussed in
Chapter 3, we do not believe the evidence supports a need to routinely assess
IQ or even processing skills with established relations with academic skills
(Fletcher & Miciak, 2017). As Elliott and Resing (2015) argued, I1Q scores do
not have clear apparent treatment implications for children with LDs. The
guidance accompanying the IDEA 2004 regulations also does not encourage
routine IQ or cognitive assessments for SLDs:

The Department does not believe that an assessment of psychological or cognitive processing
should be required in determining whether a child has an SLD. There is no current evidence
that such assessments are necessary or sufficient for identifying SLD. Further, in many cases,
these assessments have not been used to make appropriate intervention decisions. (IDEA
regulations, 2006, p. 46651)



As Schneider and Kaufman (2017) stated in a defense of cognitive
assessments for LDs,

The existing evidence base that demonstrates the value of comprehensive cognitive
assessments for this purpose is not nearly as strong as it needs to be. Proponents of
comprehensive cognitive assessments for learning disability identification must do more to
rigorously evaluate their beliefs or else concede the argument to those with better evidence.

(p-8)

There Is No Consensus, So Follow the Evidence

Not all practitioners and scientists agree with this approach to assessment. As
indicated in Chapter 1, some argue that LDs extend beyond achievement
domains, the most obvious example being social skills. Many individuals with
LDs do have problems with social interactions. In some instances, this
represents a comorbid disorder, as in the example of ADHD. In other
instances, social difficulties seem to represent correlates of the same
underlying processes that lead to achievement difficulties, epitomized by the
hypothesis of a nonverbal LD (Rourke, 1989). Some children with LDs clearly
have problems with social skills, motor skills, perceptual abilities, oral
language, and other areas that do not directly involve achievement (Cornoldi
et al., 2016). Consider, however, that many people with problems in these
areas do not have achievement problems (Torgesen, 2002). In arguing that
achievement deficits are necessary but not sufficient, we suggest that LD
classifications are not viable without some type of marker that reliably
indicates the presence of LDs (Stanovich, 1991).

In the next sections, we discuss the three essential components needed to
evaluate and identify people with LDs. This includes the evaluation of
intervention response (including the evaluation of intervention integrity),
which we place first because of the treat-and-test approach we advocate. For
people with inadequate instructional response, the evaluation of achievement,
and the evaluation of contextual factors and associated conditions are needed.
We conclude by briefly discussing issues related to cultural and linguistic
sensitivity and gifted (“twice-exceptional”) people who may have LDs.

SPECIFIC ASSESSMENT PROCEDURES




Instructional Response and Progress Monitoring

For assessment of instructional effectiveness, which relies on ongoing
progress monitoring to determine when modifications to intervention are
needed to ensure adequate long-term progress, the assessment must be
longitudinal and focus on rate of change (slope). We address this kind of
ongoing use of progress-monitoring data, such as CBM, for the purpose of
instructional decision making in Chapter 5.

We recommend a more simple and time-efficient approach for using
CBMs in the RTI/LD identification process. L. S. Fuchs and Fuchs (1998)
proposed the use of both slope and final status for identifying inadequate
response in an RTI/LD identification process, suggesting that a student must
demonstrate a “dual discrepancy” in which the slope and final level are both
at least one standard deviation below those of peers or some type of norm-
referenced standard. However, recent studies question whether slope adds
information to final status for identification purposes, when the task is to
simply identify whether the person has responded adequately or inadequately
to intervention (Brown-Waeschle, Schatschneider, Maner, Ahmed, &
Wagner, 2011; Fletcher et al., 2014; Tolar, Barth, Fletcher, Francis, & Vaughn,
2014). In progress monitoring for instructional decision making, slope is used
to predict final performance. In the case of RTI/LD identification, the final
(postintervention) performance is already known.

For classifying response as adequate or inadequate, or as part of a
comprehensive evaluation for special education eligibility, the critical issue is
the person’s status at the time when intervention has recently been
completed. This is the same time frame in which a comprehensive evaluation
should be conducted. Thus, in contrast to common practice (e.g., Kovaleski et
al., 2013), we do not recommend projections of status based on regression
procedures beyond the point of at which decision making will occur. The
reliability of this approach has not been established, and most information
will be in the final status measures administered in the comprehensive
intervention. An alternative would be a reliable change index based on
pretest—posttest change, although this approach has not been adequately
studied. Our goal in any form of assessment is parsimony and simplicity
because resources need to be directed at intervention as much as possible.



Evaluating Fidelity and Integrity of Interventions

CBM and other assessments of academic status, collected at the completion of
intervention, should also be accompanied by observations of the integrity of
the implementation of the intervention. This includes the nature of and the
amount of time spent on supplemental instruction, especially if the child does
not appear to be making progress. School psychologists are often well
prepared in this area of assessment. Although a psychologist operating
outside of schools may not be in a position to implement CBM or to
personally evaluate the integrity with which the intervention is implemented,
such assessments should be expected, especially if the referral is to a private
academic therapist. A recent summary of factors related to the assessment of
intervention integrity by the National Center for Learning Disabilities was
provided as part of a toolkit for the identification of LDs in the context of RTI
(Cortiella, Gamm, Rinaldi, & Goodman, 2014). Recommendations included
documentation of the following. First, evidence-based interventions and
general education classroom curriculum were used to instruct the student.
Second, the intervention was appropriate for the student’s instructional level.
Third, the intervention has been proven efficacious with other students
similar in age and level of performance. Fourth, educational professionals
with appropriate training and demonstrable proficiency delivered the
intervention. Fifth, implementation fidelity to the program as designed by the
developers was present and demonstrated. Sixth, the intervention was
delivered with sufficient time to show an effect and with sufficient intensity.
The importance of formal assessments of assessment integrity was
highlighted in a study by VanDerHeyden, Witt, and Gilbertson (2007), which
formally evaluated the fidelity of implementation across multiple tiers of RTI
implementation. They provided checklists and observation schedules for
different components of an RTI system, including screening, progress
monitoring, and intervention integrity and were generally able to
demonstrate relatively high, but variable, levels of fidelity in a closely
monitored RTI implementation. In a review of fidelity of treatment
evaluations, Keller-Margules (2012) identified the following critical
components of the evaluation of implementation integrity for RTI through
assessments of: (1) assessment integrity, (2) instructional and intervention
integrity, and (3) procedural integrity, with the latter representing adherence



to a school or district RTI plan. She recommended the use of multimethod
and multi-informant methods of data collection, including direct observation
using checklists and teacher/administrator reports. Forms for collection of
this type of data using a model with similar components can be found in
Kovaleski et al. (2013).

As this summary shows, evaluations of the integrity of instruction in an
RTI approach involve the entire implementation, including the screening
process, the delivery of the intervention, and the evaluation of student
responsiveness. These assessment components are integral to the RTI
assessment process in identifying LDs. With respect to determining
instructional response, the best method is to evaluate academic status at the
end of intervention, using multiple sources of data including CBM endpoints.
If an individual has not achieved a final status indicating levels of
achievement of sufficient foundational academic skills to succeed in the
general education program, then the conclusion is that the student has been
inadequately responsive to quality instruction. A comprehensive evaluation
could then be required, with the likelihood that more sustained or
individualized (Tier 3-like) intervention is required. The validity of this
conclusion depends on whether the student was initially screened into
intervention appropriately, whether the correct intervention was provided
with fidelity and sufficient intensity, and whether the decision about
responsiveness was based on sound data. Below, we elaborate on the prior
discussion concerning methods for identifying inadequate responders.

Identifying Inadequate Responders

When CBM data are systematically collected in relation to a quality
intervention, a variety of approaches have been used to establish whether the
person’s response is adequate. Although it is apparent that intervention
response exists on a continuum and that firm cut-oft scores are not likely to
encompass every student of concern (Vellutino et al., 2006; Fletcher et al.,
2014), specific thresholds can provide guidelines for identifying students in
need. These determinations should be determined with high thresholds and
confidence intervals around the desired threshold to account for the
measurement error of the test. As with screening, the goal should be to avoid



missing people in need because a false positive identification error is less
costly to the person and it will be quickly apparent that intervention is not
needed. To illustrate, Fletcher et al. (2014) used the 25th percentile on norm-
referenced end-of-intervention assessments and a criterion-referenced
benchmark for an oral reading fluency measure. The cut points may seem
high, but missing children who need intervention (false negatives) is more
serious than identifying children who do not require intervention (false
positives). In a sequential MTSS service delivery framework, progress
monitoring over time would reduce false positive errors at low cost.

When comparisons are made of identification decisions based on CBMs,
most of the information is in the final CBM assessment. In one study, the use
of slopes by themselves or both slopes and intercepts resulted in an increased
likelihood of false positive identifications (Fletcher et al., 2014). In fact,
identification decisions in this study, based solely on a CBM benchmark, also
resulted in apparent false positive decisions. This problem was reduced if low
performance was required on two different short assessments, again
highlighting the need for more than one indicator for identification, reflecting
issues with firm cut points identified in Chapter 3.

It is useful to examine multiple criteria. End-of-year or end-of-
intervention assessments can identify students as inadequate responders
when those students perform below a benchmark. This could be an age-
adjusted standard score below the 25th or 30th percentile. Another common
benchmark sets a criterion based on passage reading fluency. First graders, for
example, should read 35-40 words per minute at the end of the year
depending on the difficulty level of the text.

Final status by itself permits some students to be classified as inadequate
responders, despite significant progress, because the initial level of
performance was very low. Despite strong growth, some students are likely
below the benchmark at the end of the intervention. For these students,
focusing only on the benchmark will suggest that the intervention was
ineffective, while examining the slope may suggest the need to continue
intervention (with or without identification with LDs, depending on the level
of performance). Similarly, examining only the slope permits some students
to be identified as inadequate responders even though they meet the norm-
referenced or benchmark criteria at intervention completion, suggesting



positive future outcomes. If a person is below a benchmark, subsequent
intervention is essential. If the slope is accelerated but the student remains
below benchmark, intervention should be continued, with intensification if
the student’s achievement gap with respect to classmates remains severe.

Figure 4.2 shows actual progress-monitoring graphs for an adolescent
reading intervention in sixth-grade children (Vaughn et al., 2010a). In this
figure, slopes vary over the five assessment points used for this Tier 2
standard protocol intervention. There are fewer time points than in many
interventions because the oral reading fluency alternate forms are equated
and because growth in adolescents tends to be slower. It is clear that student
C has not responded to the intervention. Student B is responding to the
intervention, but needs more time to reach the criterion on this measure (45
words per minute). Student A has responded positively. While the slopes are
different, if the goal were to determine eligibility for special education, the
most relevant information is in the end-of-intervention time point.
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FIGURE 4.2. Individual growth curves for three adolescent students who show accelerated gains
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In another example from a recent evaluation of a Tier 2 math fractions
intervention, L. S. Fuchs, Sterba, D. Fuchs, and Malone (2016¢) found that
intervention was comparably effective for students with varying levels of
preintervention academic deficits. Figure 4.3 shows posttest scores on one of
the fraction outcome measures. The lines show intervention versus control
group differences for students whose math achievement on a nationally
normed test at the start of intervention were at the 1st, 3rd, 9th, 13th, 27th,
and 34th percentiles. The parallelism of the lines indicates comparable effects
for students at these percentiles. In contrast, Figure 4.4 shows
postintervention achievement gaps (with respect to not-at-risk classmates),
expressed as effect sizes, for students who received intervention (white bars)
versus those who did not (black bars) groups. Postintervention achievement
gaps were substantially larger for students whose initial math achievement
was more deficient. Although the intervention benefited students across the
at-risk initial achievement distribution, students who began with more severe
math deficiencies require more sustained intervention.
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FIGURE 4.3. Posttest scores showing intervention versus control group differences for students whose
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Some of these students need more intensive interventions to increase the
rate of response. It is important to note that no intervention, even one that is
generally effective, produces growth for all students. For individual students
who do not exhibit adequate growth (improvement or slope) during an
intervention (and complete intervention with sizeable achievement gaps), the
necessary decision is to intensify or individualize intervention. The need for
sustained or intensified/individualized intervention necessitates a



comprehensive evaluation, with possibility of LD identification.

Evaluating Achievement Domains

Many norm-referenced achievement tests can be incorporated into the
assessment of LDs. At a minimum, the five major achievement domains must
be assessed, representing people who are primarily impaired in (1) word
recognition, (2) reading comprehension, (3) mathematics computations, (4)
mathematics problem solving, and (5) written expression, including spelling,
handwriting, and/or composition. These patterns were established through
research by Rourke and Finlayson (1978), Siegel and Ryan (1989), and
Stothard and Hulme (1996); Chapters 6-9 provide extensive discussion of the
evidence for these subgroups (see also Spear-Swerling, 2015). Many
individuals have difficulties in multiple domains, making a complete
evaluation of academic achievement necessary for anyone considered for LDs.
If the specificity of LDs was indicated by impairment just in one domain, LDs
would be exceedingly rare.

Fletcher et al. (2005b) proposed the use of tests from the same
achievement battery because the same cohorts would be used to develop the
norms. This constancy facilitates comparisons across tests. In a simulation,
Fletcher et al. (2014) found that using assessments with different normative
bases significantly reduced agreement across final status measures. However,
more important than the battery from which these tests are selected are the
constructs that are measured and the quality of the indicators of these
constructs: word recognition, reading comprehension, math computations
and problem solving, and written expression. In addition, assessments of the
automaticity of reading and math skills should be provided.

Examining the validity studies of different norm-referenced achievement
tests supports these distinctions at a construct or latent level. In a study that
involved a larger sample of children with poor reading skills, and which
included both norm-referenced assessments and CBM assessments, Cirino et
al. (2013) found that four latent variables were indicated by different
assessments of reading skills: untimed decoding accuracy (i.e., single-word
decoding), timed reading accuracy (i.e., timed assessment of word list or
passage reading), and a comprehension factor composed of measures of



reading comprehension, listening comprehension, and vocabulary. The
fourth factor was interesting because it involved CBMs that were based on
timed maze or cloze procedures or timed norm-referenced assessments based
on sentence reading and a verification of whether the sentence “made sense.”
These timed fluency measures had a comprehension component and had to
be accounted for separately in the modeling process. While there were
differences in the value of individual indicators for the good and poor
readers, the four constructs could be identified in both samples. Both
assessments of construct validity from normative samples and from specific
studies with large numbers of children with achievement difficulties support
the validity of these construct differentiations.

Table 4.2 maps the constructs and their assessment with the Woodcock-
Johnson Achievement Battery-IV (W]; Schrank, Mather, & McGrew, 2014),
the Wechsler Individual Achievement Test-III (WIAT III; Pearson, 2009),
and the Kaufman Test of Educational Achievement, Third Edition (KTEA;
Kaufman & Kaufman, 2014), all frequently employed to assess achievement
levels in LDs. There are also other norm-referenced assessments that can be
used instead of, or to supplement, these batteries, some of which we mention
below. For example, spelling can be used to screen for written expression and
handwriting difficulties.

TABLE 4.2. WJ, WIAT-IIl, and KTEA Subtests in Relation to Component Academic
Deficits

Construct W] WIAT-III KTEA
Word recognition Word Identification Word Reading Letter and Word
Recognition
Word Attack Pseudoword Decoding Nonsense Word
Decoding
Reading fluency Word Reading Oral Reading Silent Reading
Sentence Reading
Reading Passage Comp Reading Comp Reading Comp
comprehension
Math computations Calculation Numerical Operations ~ Computation
Math problem solving  Applied Problems Problem-Solving Concepts and
Applications
Written expression Spelling Spelling Spelling



Supplemental constructs

Math fluency Math Facts Math Fluency Writing Fluency
Writing fluency Sentence Writing Alphabet Writing Writing Fluency
Written Expression Writing Samples Essay Composition Written Expression

The evaluation of achievement levels can be conducted hierarchically, and
not all tests need to be given to each person. A majority of people with
significant academic problems in which LDs may eventually be a concern
have difficulty with word recognition skills. This typically produces problems
across the domains of reading, so that assessments beyond the core tests are
usually not necessary. Isolated problems with reading comprehension and
written expression occur more infrequently. In math, however, more
differentiated assessments of subdomains (e.g., whole vs. rational numbers;
computational skill vs. problem solving) are required. Also, if the problem is
specifically math, using assessments in addition to the W], KTEA, or WIAT is
helpful in ensuring that the deficiency is not just a matter of attention or
other difficulties.

Word Recognition Accuracy

The W], WIAT, and KTEA include subtests requiring untimed oral reading
of isolated real words and pseudowords, allowing measurement of the
person’s sight word knowledge and capacity for sounding out words. Most
achievement batteries assess recognition of sight words typically ordered for
difficulty, which is the essential component for any assessment related to LDs
in this domain. These tests are typically the best single predictor of overall
levels of academic achievement (Laforte, McGrew, & Schrank, 2014). Fletcher
et al. (1996) found the measures of reading accuracy of real words and
pseudowords were highly correlated, assessing a similar latent variable and
comparable to the reading accuracy scores from other measures of word (e.g.,
Wide Range Achievement Test-IV [Wilkinson & Robertson, 2006]) and text
reading (e.g., the Gray Oral Reading Test—Fourth Edition [GORT-IV; Bryant
& Wiederholt, 2001]).

Reading Comprehension



Reading comprehension is difficult to assess with a single measure, and
different comprehension tests will give different information about level of
performance depending on how comprehension is assessed (Keenan,
Betjemann, & Olson, 2008). This is a problem at the observed level of
measurement and is closely linked with differences in normative standards. It
is important to attend to the nature of the material the person reads as well as
the response format. Tests assessing reading comprehension vary what the
child reads (sentences, passages, genres [narrative, expository]), response
format (cloze, open-ended questions, multiple choice, think-alouds), memory
demands (answering questions with and without the text available), and the
depth of assessment of the abstraction of meaning (vocabulary elaboration vs.
knowledge, inferencing, and activation of background knowledge). If the
issue is comprehension and the source contains elements beyond the child’s
word recognition or fluency skills, a single test is rarely adequate and multiple
measures that assess reading comprehension in different ways may be needed.

To illustrate, measures like the W] Passage Comprehension subtests are
best considered screens for achievement in reading comprehension. This
cloze-based assessment requires a child to read a sentence or passage and fill
in a blank with a missing word. Similarly, neither the WIAT nor KTEA
require reading of significant amounts of text. The problem is that some
children who struggle to comprehend text in the classroom will not
experience difficulties with the reading materials in the W], WIAT, or KTEA
because the level of complexity does not parallel what children read in the
classroom even though these measures all indicate a latent variable involving
reading and language comprehension. A good assessment of reading
comprehension requires the reading of significant amounts of complex text.
For people for whom comprehension is an issue, assessments using the
GORT-1V (Bryant & Wiederholt, 2001) or one of the group-based reading
comprehension tests from the lowa Assessments (Dunbar & Welch, 2012) or
the Stanford Achievement Test—10th edition (Pearson, 2010), is essential. If
a person has had these kinds of assessments in school, the results can be
reviewed as part of the evaluation. It is important not to rely only on group
tests because the person may not have exerted adequate effort or paid
attention, or may have engaged in other behaviors that invalidated the test.
We would use a single test as part of a standard battery and expand the



evaluation in people who do not show evidence of impairment in basic
reading skills.

Mathematics

In mathematics, it is important to assess performance on whole as well as
rational numbers; although difficulty with whole-number skill predicts
difficulty with rational numbers (Jordan et al., 2013), many students with
strong whole-number performance experience problems with rational
numbers (D. Fuchs, McMaster, L. S. Fuchs, & Al Otaiba, 2013). It is also
important to assess computational as well as problem-solving skill. For
computations, Table 4.2 identifies the Calculations subtest of the W], the
Numerical Operations subtest of the WIAT, and the Math Computations
subtest of the KTEA, representing paper-and-pencil tests of math
computations that vary in items and complexity from basic arithmetic to
algebra and geometry. Poor performance on these calculation tasks reliably
predicts variation in cognitive skills associated with math difficulties
depending on other academic strengths and weaknesses (L. S. Fuchs et al,,
2008b; Rourke, 1993). The challenge is that math difficulties have multiple
sources. Poor performance on these tests could reflect problems with fact
retrieval and phonological memory if word recognition is comparably lower.
In contrast, if word recognition is significantly higher than math
performance, the problems may stem from difficulties with procedural
knowledge. In any person, poor performance in mathematics can reflect
attention difficulties (L. S. Fuchs et al., 2006b), especially in children with
comorbid ADHD. The Arithmetic (math computations) subtest of the
WRAT-4 is useful because it is timed and the problems are less organized,
making it more susceptible to attention and executive function difficulties.
The key in math computations is a paper-and-pencil format, which is how
difficulties in math are typically manifested in children who do not have
reading problems.

Table 4.2 also identifies three relatively similar measures of math problem
solving. We routinely measure math problem solving because of the evidence
for variations in cognitive skills related to computational difficulties versus
word-problem performance and because effective interventions for problem



solving are available (e.g., L. S. Fuchs et al., 2010b; see Chapter 8). These tests
introduce word-problems that are difficult for children with reading
difficulties, especially if they have to read the problem. But because of the role
of language in reading (see Chapter 7), and word-problems (e.g., L. S. Fuchs
et al., 2010b), children with reading problems often struggle with math
problem solving even when the problems are read to them, which is the case
for all three measures.

Written Expression

The domain for which assessment guidelines are most difficult to provide is
written expression, partly because what constitutes a disorder of written
expression is not well established. Does a disorder of written expression
primarily involve spelling, handwriting, or composition? Problems with
handwriting and spelling will constrain composition, so these domains are
related (Berninger, 2004). Table 4.2 identifies spelling subtests in all three
batteries, which should be assessed as it may represent the primary source of
difficulty with written expression for many children, especially those with
word recognition difficulties. An analysis of spelling errors can be informative
in understanding whether the problem is with the phonological component
of language or with the visual form of letters (i.e., orthography; Rourke,
1993). Asking people to complete spelling tasks also permits an informal
assessment of handwriting.

The three assessment batteries in Table 4.2 have measures of written
expression. However, the utility of these measures is not well established.
From a construct view, the degree to which significant construction and
writing of stories and essays is required varies (i.e., composition; Chapter 9).
Handwriting and spelling skills constrain written expression for many
children with word-level reading difficulties (Chapter 6) or who have motoric
difficulties associated with ADHD and other disorders.

Furthermore, it is not established whether children can have isolated
problems just with composition. Such problems tend to be more apparent
when ADHD is involved and may reflect organizational and self-regulation
difficulties (see Chapter 9). The key is writing a composition, which is
required by the Essay Composition subtest of the WIAT. An alternative is the



Spontaneous Writing subtests of the Test of Written Language IV (Hammill
& Larsen, 2009). We use thematic writing measures (composing stories or
essays) for people who present with questions about written expression and
who are not deficient in basic writing skills. We always assess spelling as a
screen for these deficiencies.

Automaticity

Reading Fluency

Reading fluency measures are typically highly correlated (Barth et al., 2012),
but performance can differ depending on whether they simply require timed
oral reading of lists and sentences versus timed reading with a meaning
component. There is not much evidence of differences because of
requirements to read timed word lists versus timed passages. All three
achievement batteries have timed reading fluency measures that do not
include a meaning component, essentially reading word lists. In contrast, the
W] Sentence Reading Fluency subtest and the WIAT Oral Reading subtest
require processing for meaning. Quick alternatives are the Test of Word-
Reading Efficiency-2 (Torgesen et al., 2011), which involves oral reading of
real words and pseudowords on a list, or the Test of Reading Fluency (Deno
& Marston, 2001), which requires text reading. Grade-appropriate CBMs are
also reasonable approaches to assessing reading fluency. The Test of Silent
Reading Efficiency and Comprehension (TOSREC; Wagner, Torgesen,
Rashotte, & Pearson, 2010) is a 3-minute sentence verification assessment
that we have found useful in research. All of these measures are quick,
efficient, and widely used. The key to assessing reading fluency is to have text
read orally, so that fluency can be measured in terms of words read correctly
per minute or in terms of items with a comprehension component answered
correctly.

Math Fluency

As in reading, assessments of math fluency can be helpful, although there is
little evidence suggestive of a specific math fluency disorder, partly because it
has not been studied. All three batteries have subtests involving timed



assessment of basic arithmetical computational skills that may be helpful for
identifying children who lack automaticity in basic arithmetic skills, which
can lead to difficulties in mastering more advanced mathematics.

Writing Fluency

Assessments of writing fluency can be informative because they can predict
the quality of composition (Berninger & Hart, 1992). Thus, measuring
fluency with a measure like the W] Sentence Writing Fluency subtest, the
WIAT Alphabet Writing Fluency subtest, or the KTEA Writing Fluency
subtest, may be useful, particularly for screening purposes. We would add
these measures for people for whom writing is an issue.

Achievement Patterns

Characteristic patterns will emerge across norm-referenced tests that can help
identify the type of LD and indicate specific kinds of intervention. For each of
the five types of LDs, there are interventions with evidence of efficacy that
should be utilized in or out of a school setting (see Chapters 6-10). The goal
is not to diagnose LDs, which is not reliable in a one-shot evaluation for the
psychometric and conceptual reasons previously outlined in Chapters 2 and
3, but to identify achievement difficulties that can be addressed through
intervention. If the testing professional is knowledgeable about these patterns,
very specific intervention recommendations, as well as the need for other
assessments, can be provided.

Table 4.3 summarizes six achievement patterns that are well established in
research (Fletcher et al., 2005b) that tie directly to the hypothetical
classification and the core assessments in Table 4.2 (see also Spear-Swerling,
2015). It should be understood that the cut point is deliberately set high in
order to minimize false negative errors (missing people with significant
problems). The cut points are not hard-and-fast decision rules, nor are the
levels of discrepancy across domains firm. The patterns are the important
dimension. We are not indicating that 25% of all children have an LD, only
that scores below the 25th percentile are commonly associated with low
performance in school, assuming that the cut point is reliably assessed.
Response to validated intervention should also be assessed to determine the



presence of an LD.

TABLE 4.3. Achievement Patterns Associated with Intervention

1. Word recognition and spelling < 90; math computations one-half standard deviation higher
than word recognition and spelling and at least 90. This is 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 phonological processing problems and often have strengths
in spatial and motor skills (Rourke & Finlayson, 1978).

2. Reading fluency < 90 and word recognition one-half standard deviation higher will reflect a
problem in which accuracy of word reading is less of a problem than automaticity of word
reading (Lyon, Shaywitz, & Shaywitz, 2003). The most reliable correlate is rapid automatized
naming of letters.

3. Reading comprehension < 90 and 7 points below word recogniton. This pattern often reflects
problems with vocabulary and receptive language, working memory, and attention, with
strengths in phonological processing (Stothard & Hulme, 1996).

4. Math computations < 90, word recogniton and spelling > 90 and at least 7 points higher.
Children with difficulties that involve only math show this pattern, which is associated with
problems with executive functions/attention, working memory, motor skills, and spatial
skills; phonological processing and vocabulary are often strengths (Rourke & Finlayson,
1978). If spelling is also < 90, this is essentially the same pattern with a more significant motor
problem.

5. Spelling < 90. This pattern reflects (1) motor deficits in a young child or (2) 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.

6. Word recognition, reading fluency, reading comprehension, spelling, and arithmetic < 90.
This pattern represents a problem with word recognition and math characterized by
pervasive language and working memory problems more severe than in children with poor
decoding and better development of math skills (Rourke & Finlayson, 1978). It is likely a
comorbid association of word recognition and math difficulties.

Note. The patterns are based on relations of word recognition, reading fluency, reading comprehension,
arithmetic, and spelling. Any score below the 25th percentile (standard score = 90) is assumed to
indicate at least mild impairment. A difference of one-half standard deviation is assumed to be
important (7 standard score points). These patterns are unrelated to IQ scores. The patterns are
prototypes; the rules should be loosely applied. Adapted from Fletcher, Francis, Morris, and Lyon
(2005b).

Assessing Contextual Factors and Related Conditions

Identifying LDs must take into account factors that extend beyond test scores



(see Figure 1.1; Waber, 2010). The decision process should focus on what is
needed for intervention. This 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 achievement is
related to many contextual variables, which is why the flexibility in special
education guidelines allows interdisciplinary teams to base decisions on
factors that go beyond test scores. The purpose of assessment is ultimately to
develop an intervention plan.

General Considerations

As we saw in Chapter 3, most definitions of LDs refer to contextual factors
and other conditions as “exclusionary.” These components of the definition
are designed to identify other causes of low achievement that would not
represent LDs, the best example being an intellectual disability or a sensory
disorder. Contextual factors could also include low motivation, but this is
often secondary to poor performance; whether motivation “causes” or
represents a true exclusion is unclear. As part of a comprehensive assessment,
factors such as motivation, prior efforts at instruction, school attendance and
participation in intervention, failure and retention, and related issues that are
essential for an effective intervention plan should be documented.

The exclusions also include conditions where the primary cause of low
achievement is related to emotional and behavioral difficulties. Here it can be
difficult to determine whether such a condition is a primary cause of low
achievement, a comorbid condition, or a result of low achievement. As we
noted in Chapter 2, ADHD commonly co-occurs with LDs. Grills et al. (2013)
found that assessments of anxiety contributed uniquely to the prediction of
intervention response in first- and second-grade children. For both examples,
the real issue is not about exclusion, but about the design of effective
interventions. Children with ADHD who are treated have higher achievement
levels; LDs associated with ADHD tend to be more severe. If a child is
struggling to read and is anxious, a treatment program addressing anxiety is
critical. Sometimes children struggle to achieve when there are family issues,
such as divorce. Again, the issue in the assessment is about the intervention
plan.



Other exclusionary factors include poverty and economic disadvantage as
well as minority language status. It is important to recognize that exclusions
based on economic disadvantage were originally placed in special education
legislation because Congress was concerned about the blending of special
education legislation with educational programs targeting economically
disadvantaged students. Exactly how this determination figures into “causes”
of LD is unclear. Cognitive testing does not permit separation of biological
and environmental causes of low achievement, especially because poverty
affects brain development and cognitive skills develop reciprocally with
academic skills. Identifying meaningful differences in the cognitive or brain
activation profiles, or intervention response of economically disadvantaged
low achievers and low achievers with LDs is difficult. There may well be gene
by environment interactions (see Chapter 6), and the heritability of LDs may
vary depending on poverty, although this is only known at the group level
and would be difficult and questionably meaningful to assess in individual
people. Again, it is our view that the most meaningful assessment is
instructional response; a person who does not respond adequately to
instruction (i.e., intractability) may well have an LD.

Minority language status is another conundrum. Clearly children who
immigrate or who grow up in households where the language at home is
different from the language of instruction are at risk for achievement
difficulties. It is not clear how to differentiate a child with achievement
difficulties due to LDs from those due to minority language status. At the very
least, many children will require assessments of oral language proficiency and
achievement in both languages. A person who cannot perform on
achievement tests because he or she does not have proficiency in English
should not be identified with LDs.

Specific Assessment Guidelines

Parent and teacher rating scales of behavior and academic adjustment, along
with parent-completed developmental and medical history forms, should be
routinely obtained. These scales may identify behavioral comorbidities and
historical factors (e.g., history of brain trauma) that are important to screen.
If there is evidence for behavioral comorbidity, the guidelines for identifying



these disorders should be followed, which often include a semistructured
interview based on DSM-5 criteria in addition to more specific ratings of the
behavioral difficulties of concern. For ADHD, it is important to follow
guidelines such as those outlined by the American Academy of Pediatrics
(2011). These guidelines include rating scales focused specifically on DSM-IV
(now DSM-5) behaviors reflecting inattention and hyperactivity/impulsivity
in school and home settings and evidence of adaptive impairment in multiple
contexts (e.g., grades, peer relationships, and social relationships). If the
broad rating scales suggest an internalizing problem, such as anxiety or
depression, interviews and rating scales specific to these areas should be
completed, and may include self-report measures. Note that the ADHD
guidelines do not recommend identification based on cognitive-processing
assessments because of lack of evidence that such measures contribute to
identification. Simply referring a child for educational interventions without
identifying and treating contextual factors will increase the probability of a
poor intervention response.

In other domains, assessments are dependent on the question. If an
intellectual disability is suspected, IQ, adaptive behavior, and related
assessments consistent with this classification can be administered. The
definitions and assessment guidelines from the American Academy of
Intellectual and Developmental Disabilities should be followed (Schalock et
al., 2010; American Association on Intellectual and Developmental
Disabilities, n.d.). These guidelines include intelligence scores on a
multifactorial test and adaptive behavior measures (in one of three domains:
social, conceptual, and daily living skills, or a composite), and age of onset
before 18 years. This three-pronged definition specifically applied 95%
confidence intervals to the IQ and adaptive behavior measures, given the
measurement error of the test, so that eligible IQ scores could range from 65
to 75. This does not mean that IQ testing is routinely needed and, in fact, is
generally not needed for identification of LDs. A person with achievement
scores in reading comprehension or math within two standard deviations of
the mean (i.e., inconsistent with traditional legal definitions of intellectual
disability) or development of adaptive behavior obviously inconsistent with
an intellectual disability is unlikely to demonstrate levels of performance on
IQ tests consistent with intellectual disability. A score at levels consistent with



an intellectual disability would not be interpreted as indicating intellectual
disability in the absence of adaptive behavior deficits or strengths in reading
comprehension or math that extend beyond the development of basic skills.

Autism spectrum disorders are another example of a disorder with
specific assessment guidelines that often include IQ tests because of the co-
occurrence of intellectual disabilities. However, specific assessment
procedures for autism spectrum behavior are also needed.

Some children with low achievement scores may also have oral language
disorders requiring speech and language intervention that will require referral
and additional evaluation. Such problems are also commonly seen in LDs,
and oral language disorders increase the risk for developing academic
problems (Bishop & Snowling, 2004; Snowling & Melby-Lervag, 2016).
Simple assessments with vocabulary measures will help identify children for
whom overall language development is an issue and allow for screening of
which children may benefit from more formal assessments of intelligence and
language development. Again, these problems typically extend beyond the
academic domain and represent additional areas that require intervention.

Other major considerations are related to English language learners.
People who are struggling to read in their nonnative language should not be
considered LD unless there is clear evidence that the problems also occur in
the native language. It may be necessary to administer formal tests of
language proficiency and academic skill development in the native language
and in English to evaluate this possibility. For Spanish, the Bateria III
Woodcock-Munoz (Woodcock, Munoz-Sandoval, McGrew, & Mather, 2007)
is very useful because it is co-normed in Spanish and English and comparable
to the W] (in English). This question does not need to be routinely assessed in
children whose language exposure is exclusively English, but can be a major
issue in areas where significant segments of the population are not native
English speakers.

Cultural and Linguistic Sensitivity

Any assessment should take into account the cultural and linguistic sensitivity
of the measure. A significant discussion of these issues is beyond the scope of
this book. Many of these issues are explicitly addressed in the Standards for



Psychological and Educational Standards (Joint Committee on Standards . . .,
2014). Considerations for assessments conducted in schools are also explicitly
laid out in IDEA 2004, which indicates that selected instruments must be
racially and culturally fair, administered in the native language, used for
purposes for which they are reliable and valid, administered as designed by
trained and knowledgeable personnel, and tailored to area of educational
need, adapted to physical and sensory disabilities.

The Standards are even more explicit, recognizing that normative
standards are developed under controlled circumstances and that deviations
from standard assessment instructions make normative comparisons much
less straightforward. An examiner must incorporate this knowledge of the
ideal circumstances under which the normative standards were based into
any test administration that deviates for the methods used to develop and
standardize the measure. For instance, performance differs in predictable
ways based on racial and SES characteristics that may not be addressed by the
normative sample of many standardized tests based on population
characteristics. Issues like dialect must be taken into account. There are
guidelines for the assessment of minority language people, with
recommendations to always try and assess in the minority language if
appropriate tools exist. If translators are used, considerable caution must be
used when interpreting the results. In general, it is incumbent on an examiner
to be aware of what a test is designed for and when extrapolations are made
beyond these purposes. These are generally considered issues of fairness that
affect the validity of the interpretation of test scores.

GIFTED (TWICE EXCEPTIONAL) LDs

A persistent criticism of the type of identification and assessment approach
that we have advocated is that people who have unusually high aptitude or
achievement in one area and meet criteria for “giftedness” will not be
identified because their level of achievement will be discrepant with their
advanced abilities, but not low enough to be detected or to warrant
identification as LD (Reynolds & Shaywitz, 2009). These people are referred
to as “gifted LD” or “twice-exceptional” students. In terms of RTI, it is
important to note that if the hybrid method we have outlined were



implemented, significant achievement discrepancies would be revealed when
norm-referenced tests or different CBMs are used. No reasonable person
advocates for identification based solely on universal screening and progress
monitoring. Significant, uneven development across academic domains can
be assessed as well. Moreover, RTI identification frameworks do not preclude
referrals for evaluation of concerns that may represent a disability, and it is
not necessary to wait until completion of multiple tiers of intervention to
make a referral. Students with brain injuries, autism spectrum disorder,
intellectual disabilities, and oral language disorders may or may not show
achievement deficits in universal screening, but may have difficulties in other
areas of adaptation that warrant evaluation, identification, and services as
outlined above. Also, if the person is characterized by low achievement in one
domain, he or she would be flagged as at risk if he or she meets criteria for
low achievement. The key would be identifying the area of high achievement
and differentiating instruction across these domains. Even for people who
clearly have LDs in one domain with evidence of “giftedness” in another
domain, the academic weakness may be restricted such that specialized
instruction in a domain characterized by robust achievement would not be
necessary.

The concept of “gifted” LD becomes controversial when an achievement
discrepancy exists relative to IQ or another cognitive assessment, or if it is
based on cognitive assessment with no evaluation of achievement levels but is
above an identified threshold for low achievement. A person may have a very
high IQ score and outstanding math skills, but average-level achievement in
reading. Or the person may show extremely strong visual processing skills
despite being only average in phonological awareness. Not surprisingly, many
advocates of identification of gifted LDs support intraindividual discrepancy
(and IQ-achievement discrepancy) methods, anchoring identification in a
cognitive discrepancy method. Thus, Gilman et al. (2013) suggest that

the emphasis on below-grade-level (or lower) performance, without regard to ability or
potential weaknesses, misses twice-exceptional students. Those who perform at grade level, by
using advanced conceptual abilities and hard work to compensate, may still require
interventions and accommodations to manage increasing educational demands. Otherwise,
college and even high school graduation may be out of reach. (p. 1)

These authors advocated an approach that examines skill discrepancies,



citing others in the field: “First, a comprehensive individualized evaluation
that employs an intra-individual, rather than an inter-individual approach
toward ability and achievement analysis is critical” (Foley-Nicpon, Allmon,
Sieck, & Stinson, 2011, p. 7).

The notion of people who are both gifted and LD has been criticized from
its introduction (Cohen & Vaughn, 1994; Vaughn, 1989) due to the absence
of specific identification criteria for twice-exceptional students and for the
uncritical acceptance of the hypothesis. Lovett and Lewandowski (2006)
noted that different identification and evaluation strategies had been
proposed, including IQ-achievement discrepancies, ability subtest scatter-
based on IQ test profiles, profile analysis based on patterns across cognitive
tests, all of which are problematic. They also observed more general issues
with the assessment of giftedness, an elusive term that is generally equated to
high IQ test performance.

The problems with cognitive discrepancy approaches are well known (see
Chapter 3), and there is no reason to think that identification of this
infrequently co-occurring discrepancy is improved by focusing on the
extremes of the distribution. In fact, because the measures used to assess the
discrepancy are correlated, regression to the mean is even more of a concern.
To illustrate using IQ-achievement discrepancy, if IQ and achievement have
a population correlation of .6, and a regression-based definition of
discrepancy is used with a criterion of a 1.5 standard error difference,
achievement would have to be 32 points lower than IQ at an IQ score of 130
to meet this criterion. This occurs for highly reliable tests. Even slight
reductions in reliability, such as when scatter on IQ subtests is used,
magnifies these difficulties, which is why such methods have been widely
discredited for any form of identification (Watkins & Cavinez, 2004).

The legal issues revolve around the standard used to make these
judgments, which usually include evidence of adaptive impairment. Most
courts dealing with disability use an “average person” standard and focus on
evidence of low achievement as an indicator of adaptive impairment.
However, in some cases where accommodations have been requested for
college or professional examinations, the criterion has been revised to refer to
skill discrepancies or variations in the process by which the scores are
obtained (Mapou, 2013). The key is still the indication of adaptive



impairment. Thus, does a person with a high IQ score who has average
reading or math skills have adaptive impairment? This would need careful
consideration taking into account the psychometric issues involved in
establishing any form of severe discrepancy.

We think the most important considerations for any person are a careful
evaluation of achievement skills, hopefully based on progress monitoring and
norm-referenced assessments. Automaticity of skills is an especially important
consideration. In addition, instructional history and response should be
considered as outlined above. It is very inappropriate to deny eligibility for
accommodations for a person who has received extensive intervention
because this will affect achievement levels as well as level of achievement. It is
just as important to identify areas of strength as well as weakness in
developing intervention plans. There may well be a need for special
programming for “gifted” people, but this begs the question of how “gifted” is
defined and what type of specialized programming is needed. Similarly, for
“gifted LD,” what identification criteria are most appropriate? In Chapter 2,
we outlined approaches to classification research that can be used to evaluate
a classification hypothesis. Unfortunately, this type of research has not been
completed and the idea of twice-exceptional students clearly needs a strong
empirical evaluation.

CONCLUSIONS: ASSESSMENT

Based on our evaluation of classification models and identification methods
in Chapter 3, we proposed a hybrid method that incorporated assessment of
instructional response, low achievement, and contextual factors and other
conditions for the identification of children as LD. We did not advocate for
extensive assessments of cognitive, neuropsychological, or intellectual skills in
order to identify children with LDs due to the lack of evidence that such
assessments contribute to intervention or that discrepancies on those tests
provide information not apparent in profiles of achievement tests (see
Chapter 3). Our recommendations concerning assessment assume that the
person is old enough to expect that reading, math, and written expression
skills have begun to develop. It is entirely appropriate to administer cognitive
or neuropsychological tests to children below such developmental ages,



particularly in an effort to identify risk characteristics. Even these assessments
should be relatively brief and targeted to specific academic areas (e.g.,
phonological awareness and letter-sound knowledge in kindergarten as
predictors of reading ability). In general, LDs should not be identified in
preschoolers. Even in grade 1, the reliability of identification will be lower
because of maturational issues and the limited floors of many achievement
tests in this age range (S. E. Shaywitz et al., 1992).

The heart of the identification model and approach to assessment is the
focus on the measurement of instructional response. Although some may see
our model as appropriate only for schools, there is little evidence that
evaluating a person in a single status assessment based on IQ-achievement
discrepancy, low achievement, or patterns on cognitive and
neuropsychological tests leads to better intervention. Such assessments do not
have direct implications for treatment. Further, if the “diagnosis” is based on
a single assessment, it may not be adequately reliable. More important, as
soon as it is apparent that the person has an achievement problem, progress
monitoring and interventions begins. People should not be identified with LDs
until a systematic attempt at instruction has been made. However, given the
need for more research on what constitutes appropriately intensive
intervention, optimal methods for estimating slope and intercept effects, as
well as cut points to validly differentiate adequate from inadequate
responders, intervention response cannot be the sole criterion for
identification. =~ Nonetheless, inadequate response as “unexpected
underachievement” epitomizes the essential construct of LDs.



CHAPTER 5
T

Effective Instruction for Students with

Learning Disabilities
A Multi-Tiered System of Supports

In this chapter, we address general principles of instructional design and
intervention for students with LDs. We begin by discussing issues related to
the implementation of MTSS service delivery models, which we believe is the
general education context that can provide the strongest instructional
outcomes for all students, including those eventually identified with LDs.
Intervention for students with or at risk for LDs cannot begin early enough;
prevention and remediation are best integrated through MTSS service
delivery models. Because of the key role of strong core classroom instruction,
the leadership and involvement of general education is essential. Different
entitlement programs cannot be treated as silos and should be part of any
approach to service delivery that focuses on all students at risk without regard
to labels. Entitlement programs, including special education, are potential
resources for these efforts, within the minor constraints established in federal
law. We then turn to principles of effective instruction for which we believe
there is evidence to guide the development of intensive intervention for
students with LDs. This includes progress monitoring, which we regard as an
essential element of instruction. We also discuss differences between effective
and ineffective instruction.

One thread running throughout this chapter is an emphasis on
“validated” instructional programs, which may be researcher-developed



and/or commercial. We believe that for a program to be deemed “validated,”
at least one high-quality randomized control trial must indicate statistically
significant and practically important effects on important outcomes and other
high-quality randomized control trials must not provide evidence to the
contrary. But it is important that practitioners appreciate the fact that no
instructional program, even those validated using one or more randomized
control studies, works for all students. Schools must therefore assume that
validated intervention programs will work for most, but not all, individuals—
even when teachers implement those programs with greater intensity than in
the validation studies (i.e., more sessions per week or longer duration per
session or smaller group size), as in intensive intervention. When inadequate
response occurs, we assume that the student has individual needs that are
unusual or specialized and that the student requires adjustments to the
program to meet those needs.

INTERVENTION OUTCOMES FOR STUDENTS WITH
LDS ARE POOR

Disappointing outcomes for students with LDs are unfortunate and avoidable
given the wealth of information about how to design intervention
productively and conduct assessments in ways that support intensive,
differentiated intervention. A strong need exists for schools to reorient service
delivery for students with LDs in ways that provide opportunities for these
students to receive the intensive intervention they require on the skills and
strategies that are foundational to success in and out of school. As these
opportunities become available, intervention needs to be designed according
to validated principles—or using validated programs—and implemented with
strong intensity.

Why do we say that intervention outcomes are poor? Here we refer to the
disconnection between what we know from research about -effective
instruction and its implementation in many public and private school settings
(see Chapter 11). Consider, for example, pull-out programs commonly used
in public schools and often described as “resource” rooms. Foorman et al.
(1997) provided interventions in public school special education resource
rooms to students with identified reading disabilities in grades 2 and 3. The



students were randomized to one of two programs in which phonics was
taught explicitly, one of which was an alphabetic (synthetic) phonics program
based on an Orton-Gillingham method and the other an analytic phonics
method (Recipe for Reading). Students in these two groups were compared
with a group that received an intervention that involved teaching sight-word
recognition skill. None of the intervention groups in this study showed gains
that could not be predicted based on initial status, with little evidence of
robust differences among the instructional groups. As Foorman et al. (1997)
showed, conditions in the schools mitigated success. Students received only
two-thirds of the planned instruction over the school year; they missed many
hours of general and special education instruction; and the size of the
instructional groups may have been too large to promote adequate
implementation of any of the programs. Interventions shown to be efficacious
in highly controlled studies may lack effectiveness when implemented in
natural classrooms. Careful construction of evidence-based intervention
programs is only half the equation; adequate implementation is necessary for
success.

In a naturalistic study, Bentum and Aaron (2003) found that 4 years in
resource room placement was associated with no growth in reading and a
decline in IQ standard scores. Raw scores increased, so this is not a loss in IQ
—just reduced growth relative to the normative group. This phenomenon was
clearly illustrated by an analysis of state testing data by Hanushek, Kain, and
Rivkin (1998), which found that placement in special education was
associated with growth in reading of 0.04 standard deviations per year and
0.12 standard deviations in math. What this means in standard scores is
illustrated in Figure 5.1, which shows that, for a student starting in special
education at the second percentile in reading, 4 years in special education
would be associated with improvement from the second to the third
percentile. This change is negligible, especially when the resources invested in
special education programs are considered.
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FIGURE 5.1. Changes in reading standard scores associated with growth of 0.04 standard deviations
per year when a child is placed in special education from grades 3 to 6. The lines are flat, indicating that
the child maintained his or her status on age-adjusted scores, but did not close the gap. Adapted from
Hanushek, Kain, and Rivkin (1998). Courtesy Whitney Roper.

Without this type of special education support, however, standard scores
may have declined. Vaughn et al. (2012) documented this in comparing
growth in reading over 3 years of intervention. Participating students were
identified as poor comprehenders in grade 6, but over three-quarters had
problems with basic reading skills (Cirino et al., 2013). As illustrated in Figure
5.2, there was slight acceleration in children who received the researchers’
intervention, which was based on validated principles of intervention. For
students who were struggling readers and served through standard school-
based programs, there was a clear decline in standard scores. Note that these
programs were not specifically identified as special education programs, but
many students were identified for special education.
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FIGURE 5.2. Changes in reading comprehension standard scores by adolescents in a business-as-usual
comparison group (Tier 1) versus adolescents who received 3 years of intervention (Tier IV). Students
who received intervention show slightly accelerated gains in reading comprehension, but adolescents
who did not receive the research-based intervention show a standard score decline. Data from Vaughn
et al. (2012). Courtesy Whitney Roper.

On the other hand, whereas inclusive approaches to special education in
which intervention occurs through support in the general education
classrooms have been associated with improvements for children with some
disabilities, inclusion has not resulted in improved academic outcomes for
children identified with LDs. Older research studies (e.g., Vaughn, Moody, &
Schumm, 1998; Zigmond & Baker, 1996) suggested that about most students
identified with LDs in reading showed little growth in reading despite
researcher-supported inclusive practices. In a more recent experimental
study, L. S. Fuchs et al. (2015b) randomly assigned fourth-grade students
whose prior mathematics achievement was at or below the 10th percentile to
receive instruction in inclusive classrooms or to receive intensive intervention
delivered in small groups. Instruction focused on students’ understanding of
and/or procedural skills with fractions and was designed in line with validated
principles of explicit instruction as outlined below. The very low-performing
students who received inclusive instruction performed significantly and
substantially worse than counterparts who received small-group intervention.
This was the case even though typically developing classmates in the same
inclusive classrooms profited nicely from the same general education



fractions instruction that had failed to help very low-performing inclusive
students.

Note that we are not advocating for separate placements for students with
LDs, which are often unnecessary and may be ineffective from academic and
social perspectives for some students. At the same time, we think there needs
to be a continuum of services, led by general education, available to all
students who struggle with learning and behavior in school, as part of a
comprehensive effort to include quality intervention in schools. Hence our
support for intensive intervention for students with LDs, embedded within a
MTSS approach to service delivery that includes special education.

MULTI-TIERED SYSTEM OF SUPPORTS

As we discussed briefly in Chapters 2 and 3, MTSS approaches represent
service delivery systems in which schools provide layered interventions as a
continuum that begins in general education classes (Tier 1) and increase in
intensity in subsequent tiers. In general, greater intensity is achieved through
increased time for instruction in smaller groups of students with more
differentiation of content. Figure 5.3 provides a schematic of a three-tier
service delivery model, commonly represented as a triangle. We have tipped
the triangle to emphasize the idea that Tier 1 instruction is for all students,
with subsequent tiers increasing intensity for students who do not respond
adequately and need additional intervention. Students always begin with
differentiated instruction in the general education classroom (Tier 1). Tier 2
is typically small-group instruction, which is most effective if it is aligned with
the general education curriculum and delivered using a standardized protocol
(Foorman, Herrera, Dombek, Schatschneider, & Petscher, 2017). Tier 3
should be very intense—smaller groups or even individualized instruction,
sometimes less aligned with core instruction (e.g., an intense focus on
decoding because the child is not learning these skills).
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FIGURE 5.3. A three-tier model for service delivery in an MTSS. Courtesy Whitney Roper.

Also common to most MTSS frameworks are (1) universal screening of all
children for academic and behavioral difficulties beginning with school entry;
and (2) progress monitoring for students identified as at risk (see Figure 3.8;
Fletcher & Vaughn, 2009; Vaughn & Fuchs, 2003). The effect is to put all
students in a school in a surveillance system where their risk status and
learning progress can be quickly identified based on performance data.
Children who do not respond adequately may be referred for a
comprehensive evaluation for eligibility for special education, which in some
models occurs after Tier 2 and in other models follows another round of Tier
2 or more intensive intervention (Tier 3 and beyond). In reality, however,
referral for a comprehensive evaluation could occur at any point in the MTSS



process, especially if there is a question about oral language difficulties or
minority language status, severely low initial academic performance, or the
presence of another disability. The timing of the referral to special education
is driven by intervention-response concerns.

Origins

Multi-tiered frameworks were significantly influenced by public health
models of disease prevention that differentiated primary, secondary, and
tertiary levels of intervention, which increase in cost and intensity depending
on the person’s response to treatment (Vaughn, Wanzek, & Fletcher, 2007).
There are two historical origins of school-based implementations of MTSS
that began with efforts to prevent behavioral and academic problems. The
first origin has its roots in schoolwide efforts to prevent behavior problems
(Donovan & Cross, 2002). These models are associated with a problem-solving
process. This approach involves shared decision-making teams that identify a
behavior problem. The team meets and proposes strategies to address the
problem. The team has methods for evaluating the results. If the intervention
is not successful, the team determines whether the problem is with
implementation of the plan, in which case assistance is provided.
Alternatively, the student may need a different approach or a more intensive
intervention (Kovaleski et al., 2013; National Association of State Directors of
Special Education, 2006).

The second origin is rooted in efforts to prevent reading difficulties in
children. These implementations typically involve standardized protocols to
deliver interventions, which increase in intensity and differentiation
depending on the student’s instructional response (Vaughn & Fuchs, 2003; L.
S. Fuchs & Vaughn, 2012). In a common implementation of a standard
protocol model (Figure 5.3), all students are screened and those at risk for
academic problems are assessed frequently (every 1 to 4 weeks) on short-
duration measures designed to assess progress over time (Stecker, Fuchs, &
Fuchs, 2005). Classroom teachers receive professional development in
effective instruction and ways to enhance differentiation and intensity
through flexible grouping strategies and evaluations of progress (Tier 1,
primary intervention). Children who do not achieve specified levels of



progress based on local or national benchmarks receive additional instruction
in small groups of three to five students for 20-40 minutes three to five times
per week (Tier 2, secondary intervention). If students do not make adequate
progress in secondary intervention, an even more intensive and more
individualized intervention (Tier 3, tertiary intervention) is provided, which
may involve smaller groups or 1:1 instruction, increased time in intervention
(45-60 minutes daily), and/or a more specialized teacher. It may also involve
adaptation of the standard protocol, based on weekly or biweekly progress
monitoring, to individualize the protocol to better address students’ learning
needs (Powell & Stecker, 2014). These models for reading and math
intervention link with special education because inadequate instructional
response allows for determination of adequate and inadequate responders, a
key to the assessment approach outlined in Chapter 4. These models thus link
intensive intervention with classroom instruction in an integrated approach
to service delivery (Fletcher & Vaughn, 2009).

Is MTSS Effective?

There are many reasons to implement MTSS frameworks, including the effort
to improve academic and behavioral outcomes in all children. For students
with LDs, MTSS frameworks offer several advantages. First, the focus shifts
from who is eligible to concerns about providing effective instruction.
Identification is not dependent on teacher referral, which is known to be
biased toward behavioral difficulties, leading to overidentification of males
and minorities as LD (Donovan & Cross, 2002; Shaywitz, Shaywitz, Fletcher,
& Escobar, 1990). Second, MTSS frameworks allow placement of students
into intervention immediately rather than after time-consuming and often
delayed expensive assessments. Third, if a referral is made to special
education, the RTI component provides data indicating how the student has
responded to various interventions. Fourth, the adequacy of instruction has
been measured through systematic collection of data.

An important key to effective implementation of MTSS models is strong
core classroom instruction. Although effective Tier 1 instruction reduces the
number of students at risk, significant numbers of students (as many as 20-
25% in early reading; Vaughn, Wanzek, Woodruff, & Linan-Thompson,



2006) require supplemental interventions by trained personnel (e.g.,
classroom teachers, paraprofessionals). Over the past 20 years, many school
districts have implemented MTSS models from kindergarten to high school
(Jimerson, Burns, & VanDerHeyden, 2015), with the implementation of the
System to Enhance Educational Performance (STEEP; Witt, Daly, & Noell,
2000) in Vail, Arizona, and different Mississippi public schools representing a
strong example (VanDerHeyden et al.,, 2007). Unfortunately, we are not
aware of strong experimental trials addressing the effectiveness of approaches
based on MTSS. An experimental study would require randomization at the
level of the school or district, which would be costly and difficult to
implement. However, some demonstrations of layered interventions with
multiple tiers beginning in general education and continuing for at least one
subsequent tier suggest improved achievement and behavior in elementary
school children, reduced special education referrals and placements, and
other positive outcomes stem from multi-tiered education (see Jimerson et
al., 2015; VanDerHeyden et al., 2007).

Implementation Issues

Implementation of MTSS frameworks has been a struggle for many schools.
Strong core instruction and an early intervention program that reduces the
number of at-risk students who feed into remedial programs at the middle or
high school level are keys to effective implementation. These must be
considered prerequisites to any successful implementation. This is in part
because implementing MTSS programs at the middle or high school level
involves students who have established LDs often related to inadequate
instruction in traditional systems and require more intensive and more
sustained intervention. Implementing MTSS at the middle and high school
level often fails due to a tendency to try to implement MTSS models based on
elementary school principles (Vaughn & Fletcher, 2012). One reason is that
students are often much further behind their peers at the middle or high
school level. Another is that growth is slower at the middle or high school
level, so progress monitoring can be conducted less frequently and changes in
intervention strategies can be implemented less frequently (Tolar et al., 2014).
A third is that universal screening conducted in grade school MTSS models is



probably less important for older students because after grade 3, schools often
have statewide accountability and other measures in place that can be used as
screens. These assessments provide an efficient measure of older students’
skills and make the time taken for universal screening unnecessary (Vaughn
& Fletcher, 2012). We cannot overemphasize the point that students at the
middle or high school level require greater intensity and more sustained
intervention to produce meaningful change, so moving through a series of
tiers to get to intensive intervention can be inefficient. Even at the elementary
level, some students are so far behind that they need to be triaged
immediately to more intensive and more sustained intervention.

The difficulties with scaling were clearly demonstrated in a recent study of
the implementation of MTSS approaches for elementary school reading (Balu
et al., 2015). The study employed a reference sample of representative schools
in 13 states to evaluate service intensity and whether more services were
provided to poorer readers. A second sample represented 146 schools that
self-reported implementing an MTSS model for at least three years. Using a
regression discontinuity design, the researchers identified students who
scored just below the school-specified cut point for intervention services and
compared them to students who scored just above the cut point. It would be
expected that the group scoring just below the threshold would demonstrated
better reading skills than students scoring above the threshold. The
controversial finding was that students who met eligibility criteria did not
show improvement in reading skills and in grade 1, showed small, but
negative impacts of intervention. However, the study was not an evaluation of
the MTSS framework, instead asking a limited question: Does the use of a
universal screening system improve student learning? It did not address the
more important question: Does the use of MTSS improve student learning?
Implementation of MTSS was inadequate. The amount of intervention time
provided to students identified as at risk for reading failure was about 6
minutes. In many implementations, the teachers delivering services did not
have specialized training in reading intervention, with most schools relying
on classroom teachers to deliver Tier 2 intervention (see D. Fuchs & L. S.
Fuchs, 2017, for a more complete analysis of the Balu et al., 2015, evaluation).



Differentiating Tier 1, 2, and 3 Instruction

There is nothing magical about three tiers of instruction. Mostly commonly,
the first two tiers occur in the context of general education, with the third tier
being special education. Sometimes special education is a more intense level
of intervention, but it may also represent access to entitlements for
accommodations and related services for a person with an identified
disability.

The key is to attend to the periodic or ongoing progress-monitoring data
that accompany intervention implementation. This provides the basis for
schools to distinguish adequate responders from inadequate responders
(instructional response is on a continuum and often resource-driven) and for
teachers to move to more intense interventions when the rate of
improvement falls short of school benchmarks. Some implementations rigidly
adhere to a sequence of tiers even when it is clear that the student needs a
more intense intervention. As we discuss below, the data should drive
decision making and permit direct movement to more intensive intervention
when warranted.

Tier 1

Tiers differ in the level of intensity, which is moderated through differences
in instructional time, group size (dosage), the learning environment, and
instructional individualization. In Tier 1, instruction occurs as part of the
core general education language arts and math programs. In elementary
school, language arts programs involving reading processes like word study,
comprehension, and automaticity, as well as writing, often occur for 90
minutes of the classroom day. Math should commonly receive 45-60 minutes
of allocated instruction with the content of reading, writing, and math
varying depending on grade and the development of the child. Through
progress monitoring, the teacher can determine who is making inadequate
progress and increase differentiation and intensity, within the constraints of
what’s possible in the classroom, by creating smaller groups that are
homogeneous in terms of learning needs and teaching to small groups as well
as large groups. There is extensive discussion of effective Tier 1 instruction in



publically available materials (e.g., Texas ReadSource
[www.texasreadsource.org/PDSRIWebApp/jsp/index.jsp]; RTI Action network
[www.rtinetwork.org/essential/tieredinstruction/tier1]). Core math instruction

is described in Chapter 8.

Tier 2

Tier 2 typically changes the learning environment, increases dosage by
providing small-group instruction with three to five students and a tutor, and
focuses on specific aspects of reading, writing, and math with which the
students in the small groups struggle and are placed together because of
similar instructional needs for 20-40 minutes per session, usually three to five
times per week. This occurs in addition to Tier 1 instruction, so the dosage
has been increased. Smaller groups permit increases in the explicitness of
instruction as well as the opportunity to incorporate attention to self-
regulation and other executive functions the student has not yet achieved.
Smaller groups also increase students’ opportunities to respond and receive
corrective feedback. Progress monitoring and instructional changes are more
frequent, and feedback and cumulative review are more targeted.

Tier 3

Tier 3 involves greater instructional dosage by increasing time on task and
reducing the size of the instructional group. Often instruction at this level is
one on one, although groups of two or three students are also common. Here
the specificity of skill focus may also increase to the subset that the specific
student has not mastered (e.g., informational text comprehension,
understanding fractions). There is a greater emphasis on adapting an
intervention program using a validated data-based individualization
approach to tailor strategies to the child’s specific needs (D. Fuchs, L. S.
Fuchs, & Vaughn, 2014b).

In some MTSS approaches, additional tiers beyond these three are used,
but we feel that the differentiation provided by a three-tier model captures the
essential distinctions in instructional intensity that need to be made. This



involves strong core classroom instruction, which should be effective for most
students. It relies on a second level of intervention to provide increased
dosage in small-group intervention for struggling students by changing the
classroom environment and relying on a validated standard protocol. The
third tier is a higher dosage, more targeted, often more sustained, and
commonly more individualized environment.

Some Examples from Research

To illustrate the value of MTSS, we present two examples from elementary
schools. In the first example, three tiers of reading intervention were provided
over 2 years to students who were entering first grade (Mathes et al., 2005;
Denton, Fletcher, Anthony, & Francis, 2006b). For both of these studies, the
entire first grades at six elementary schools were screened over two successive
years with the Texas Primary Reading Inventory (TPRI; Foorman et al., 2004)
and a list of sight words to reduce false positive errors. Children at risk were
then randomized into one of three groups: a group that only received
enhanced Tier 1 reading intervention versus two Tier 2 pull-out interventions
delivered daily for 40 minutes for about 30 weeks. There were about 30 Tier 1
first-grade teachers and six Tier 2 teachers, who taught six groups daily, three
at each of two different schools. Progress was monitored for all students in
the study, including the three at-risk samples and a fourth group of not-at-
risk students randomly selected from the large sample of children who passed
the TPRI screen. There were about 100 students in each of these four groups.

For the Tier 1 group, classroom teachers participated in a district-lead
professional development program focused on a comprehensive approach to
classroom literacy, with emphasis on explicit instruction. The district
purchased new basal reading curricula with additional professional
development in their implementation using publisher resources. Teachers,
principals, and parents received progress-monitoring graphs each 9-week
grading period. The intervention teachers and researchers were available for
coaching for all students.

The two Tier 2 interventions were comprehensive, meaning that the
content included word study, reading for automaticity, and comprehension
lessons. Both were explicitly taught and delivered in small groups of three



students during school times when language arts and math were not being
taught. Differentiation occurred depending on student needs and was the
basis for forming groups. The differences were pedagogical. One intervention
(Proactive) was a manualized, scripted intervention with an explicit scope and
sequence. For the other intervention (Responsive), students were taught in
the context of reading and writing. There was no scope and sequence and
teachers were expected to wuse their own judgment in determining
intervention needs. There were sets of activities for teachers to use when these
determinations were made.

The results consistently demonstrated better outcomes in word reading,
fluency, and comprehension for the two groups receiving Tier 2 intervention.
There were no major differences between the two intervention groups except
in domains reflecting instructional emphasis (e.g., the Proactive group had
slightly stronger word decoding skills). However, as Figure 5.4 demonstrates,
the progress-monitoring data revealed clear improvements in the Tier 1
group, which also closed the gap relative to typically achieving students.
Indeed, an inspection of norm-referenced assessments at the end of the year
showed reading scores well above average in the typical group, and in
different parts of the average range for the three at-risk groups. Successful
implementation of an MTSS model should lead to improved achievement in
all students.
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FIGURE 5.4. Growth in reading fluency based on curriculum-based assessments every 3 weeks for
students in grade 1 who were (1) identified as being at low risk for reading problems, (2) participated in
one of two small-group interventions (responsive, proactive), or (3) received only enhanced general
education classroom intervention. The groups that received the small-group interventions showed
faster rates of growth and higher end-of-year performance as compared with the at-risk group that

received only enhanced classroom instruction. From Mathes et al. (2005, p. 169). Copyright © 2005
International Literacy Association. Reprinted by permission.

At the end of the intervention, there were seven out of 165 (4%) students
who received Tier 1 and Tier 2 instruction and 15 out of 92 (16%) who
received only Tier 1 instruction that did not meet criteria for adequate
response based on word-reading scores below the 30th percentile. An
additional five students did not meet benchmark fluency criteria. Since the
screener was designed to identify the bottom 20% of students as at risk, this
means that Tier 1 instruction reduced the at-risk group from 20% to 3.2% of
the school population; for those receiving Tier 1 and Tier 2 instruction, the
number was below 1%.

Denton et al. (2006b) took a subset of these students, now in grades 1 to 3
(because of retention), and added some additional very poor readers who had
not participated in the intervention. These additional 27 students were placed



in an intensive intervention using a program based on intensive word-level
skills (Phono-Graphix; McGuiness, McGuiness, & McGuiness, 1996;
www.phono-graphix.com/research.php). For this intervention, students
worked in groups of two students for two 50-minute sessions per day for 8
weeks. The intervention was based on Torgesen et al. (2001; see Chapter 6),
who obtained impressive results for word reading and comprehension using
this highly intensive approach, but with different programs. Because
Torgesen et al. did not get significant gains in fluency, a second 8-week, 1-
hour-a-day intervention focusing on a modified version of Read Naturally
(Ihnot, Mastoft, Gavin, & Hendrickson, 2001) with additional comprehension
components. The intervention took place in the same schools as the Tier 2
study and was delivered by the same intervention teachers trained for 2 weeks
in Proactive and Responsive approaches before school began. Students
entered the study in a staggered 8-week design so that an initial untreated
group could serve as a comparison. Students began the intervention with
word-reading scores, on average, around the 15th percentile.

Relative to baseline, there were significant gains in word reading, fluency,
and comprehension corresponding to the nature of the two 8-week
interventions. In addition, about half the intervention group (including
students taught with the Proactive approach and those taught with the
Responsive approach) showed reading scores above benchmarks at the end of
the intervention. Figure 5.5 shows the individual standard score gains in word
reading, with an average of about one-half standard deviation. About half the
students made very significant gains in reading, with others also showing
satisfactory improvement, leaving a small number of clearly inadequately
responsive students. It is noteworthy that the intensive intervention was
accomplished in the context of typical schooling, showing that intensive
intervention is possible in schools. In addition, it is noteworthy that the
Responsive intervention was part of a subsequent scaling study in which the
screening, progress monitoring, and Tier 2 curriculum were introduced. The
support was reduced over time until this new set of schools was implementing
MTSS without researcher support. There was only a small drop-off in gains
relative to the researcher-introduced implementations (Denton et al., 2010).
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In math, L. S. Fuchs et al. (2008a) assessed the effects of Tier 2 (small-
group tutoring) with and without validated classroom instruction at Tier 1 on
at-risk students’ math problem solving. Stratifying within schools, 119 third-
grade classes were randomly assigned to conventional or researcher-validated
problem-solving instruction (referred to as “Hot Math”). The validated
classroom program occurred at the whole-class level twice weekly and was
implemented as part of the teachers’ classroom mathematics program. Across
both classrooms, 243 students who were identified as at risk were randomly
assigned, within classroom conditions, to receive Hot Math tutoring or not.
Students were tested on problem-solving and math applications measures
before and after 16 weeks of intervention. Tutored students who received
validated classroom instruction achieved higher math scores than tutored
students who received conventional classroom instruction, with a large effect
size of 1.34 standard deviations. At the same time, the effect size favoring at-
risk students who received validated tutoring achieved over at-risk students
who did not receive validated tutoring was 1.18, demonstrating added value
for at-risk students at both tiers.

These studies demonstrate approaches to multi-tiered instruction in
reading and math in which there is a clear differentiation among the tiers. At



the level of Tier 2 or Tier 3 intervention, the standard protocol intervention
programs incorporate validated principles for students with LDs. In the next
section, we highlight this set of principles. We first address intervention
design, as reflected in validated programs. Then we discuss assessment that
supports effective instructional design to meet individual student needs.

PRINCIPLES FOR DESIGNING INTERVENTIONS
FOR STUDENTS WITH AND AT RISK FOR LDs

Table 5.1 summarizes 10 principles that distinguish intervention for students
who may be identified with LD or at risk for identification because they are
struggling to develop academic skills. The first is instructional explicitness.
Torgesen (2004) described explicit instruction as “instruction that does not
leave anything to chance and does not make assumptions about skills and
knowledge that children will acquire on their own” (p. 363). Instruction is
explicit when teachers tell students what they need to know with direct
explanations, formally sharing new knowledge and modeling the use of the
skill or strategy. Explicitness is facilitated by provision of background
knowledge and vocabulary, advance organizers, guided and independent
practice, corrective feedback, and maintenance checks. Teachers plan lessons
with clear goals that progress deliberately from less to more challenging skills
and content (Denton, Fletcher, Taylor, Barth, & Vaughn, 2014). They model
(“I do”), provide guided practice (“We do”), provide independent practice
(“You do”), and check for maintenance (Vaughn, personal communication).

TABLE 5.1. Principles of Effective
Instruction for Students with LDs

1. Instructional explicitness

2. Minimization of the learning
challenge

Proper terminology
Speeded practice
Cumulative review

Simple and direct language

NS s W

Incorporation of self-regulation



strategies

8. Comprehensive instructional
approaches

9. Extended duration and time on
task

10. Progress monitoring

In thinking about the need for explicit instruction, many typically
developing students profit from general education programs that rely, at least
in part, on a less implicit instructional style that is oriented toward discovery
and inductive learning. Students who develop LDs, however, have failed to
profit from such programs and require a different approach. In an analysis of
the National Reading Panel (National Institute of Child Health and Human
Development, 2000) meta-analysis, Stuebing, Barth, Cirino, Francis, and
Fletcher (2008) found a clear advantage for reading programs that included
explicit instruction compared to reading programs that were less explicit.
They suggested that explicitness occurs on a continuum and can take a variety
of forms. Although organizing instructional plans is helpful to teachers, they
suggested that there was, in fact, little evidence showing that manualized or
“systematic” instruction was superior to less scripted programs emphasizing
teacher judgments in the context of reading and writing, so long as the
instruction was explicit and comprehensive. For example, Mathes et al. (2005)
at Tier 2 and Torgesen et al. (2001) at Tier 3 obtained similar results for
explicit approaches that were scripted and systematic versus explicit
programs that taught reading in the context of reading and writing, but with
no script. None of these programs would be considered examples of discovery
learning, constructivist, or inductive.

In math, a meta-analysis of 58 mathematics studies (Kroesbergen & Van
Luit, 2003) revealed that, like students with LDs in reading, students with
mathematics LDs benefit more from explicit instruction than from discovery-
oriented methods. The explicitness principle for LD intervention is
incorporated within virtually all mathematics programs with proven efficacy.
Instructional steps within an explicit approach include the following:

o Begin by sharing worked examples (e.g., mathematics problems,
completely solved and showing all supporting work; completed text



summaries, with marked text and notes revealing how the summary was

derived).

« Explain to the student how the worked example was completed, step by
step, and what the teacher was thinking when completing each step.

 Provide a list of these steps. Help the student apply the steps to the
worked example and memorize the list.

o Post the steps and fade the list so the student refers to the poster only
when needed.

o Present the same example, with one step of the strategy missing
(partially worked example). Require the student to complete that step and to
explain how/why he or she does it the prescribed way.

« Give the student opportunities to practice that step of the strategy, so he
or she generates many correct responses.

o Gradually fade steps from worked examples, so the student assumes
responsibility for more steps.

e Once the student can independently complete entire examples and
explain his or her correct responses, build fluency and plan for maintenance.

o Explicitly teach for transfer instruction. With explicit transfer
instruction, teachers explain how novel features in text and in mathematics
problems can make each seem unfamiliar, even though those novel features
are irrelevant; that problem or text is the same problem type or text structure
the student has already mastered. Teachers explicitly teach the student to
search novel material to understand how it fits with the types of text or
problems he or she already knows how to handle. Teachers also present
examples emphasizing the same problem type or text structure, as irrelevant
features change from one example to the next. In addition, teachers provide
practice in sorting novel problems and text in terms of irrelevant changes,
and teachers gradually increase the challenges associated with these irrelevant
features to increase transfer distance. Explicitly teaching for transfer is critical
for students with LDs, because many studies demonstrate the challenge of
transfer for these students. (L. S. Fuchs et al., 2005)



Explicitness is not, however, sufficient. A second principle of effective
intervention is instructional design that minimizes the learning challenge. The
goal is to anticipate and plan instruction to avoid confusion and therefore
sabotage long-term success. Instructional design that minimizes the learning
challenge is accomplished by a task analysis that provides the most efficient
method for succeeding with the instructional objective or standard. By
efficient, we mean the simplest and quickest strategy for producing correct
work. Unfortunately, teachers often introduce students to highly inefficient
strategies. For example, word problems in the primary grades are often taught
with a key word strategy. Students learn that if the word more appears in the
problem, they should add to find the answer. This is a highly inefficient
method for the following reason: the word more signals the need to add in
only 50% of primary grade word problems. So although this strategy is simple
and quick to apply, it fails the efficiency test because it often produces an
incorrect answer.

A more efficient instructional design is required. In reading, a scope and
sequence often ensures more efficiency by the teacher. Organizing phonics
rules, comprehension strategies, and automaticity practice as units may
promote efficiency. In the math area, almost all primary grade word problems
fall into three categories: combine word problems (e.g., “Harry has 5 crayons.
Jose has 4. How many crayons do they have?”); compare word problems (e.g.,
“Harry has 5 crayons. Jose has 4 less than Harry. How many more crayons
does Harry have?”—notice that subtraction is required even though more is in
the problem); and change word problems (e.g., “Harry had 5 crayons.
Tomorrow he’ll get 4. How crayons will he have then?”). Helping students
understand this scheme provides the means for teaching a strategy for only
three problem types, rather than expecting students to view each word
problem as a unique challenge. However, identifying this categorical scheme
for instruction is just the first step in an efficient instructional design. The
teacher then needs to identify efficient strategies, which straddle the three
problem types to the maximum degree, while teaching students strategies to
reliably differentiate among the problem types and apply strategies that are
specific to each problem type. The teacher’s responsibility is to design this set
of strategies or to obtain a program that organizes instruction in a highly
efficient manner.



A third instructional design principle of effective intervention, especially
for students with LDs, is teaching and encouraging students to use proper
terminology for key concepts or procedures (e.g., irrelevant information, main
ideas). This can ease the learning burden by giving students the vocabulary
that most essentially captures important concepts and procedures. Once these
terms are taught, the teacher and student should use them consistently. In
both reading and math, key vocabulary should be taught explicitly,
particularly because students who are behind and in need of remediation lag
in their development of vocabulary and background knowledge, which are
highly related (Ahmed et al., 2016).

The fourth and fifth instructional design principle of effective
intervention for students with LDs concern practice—speeded practice and
cumulative review—which are essential instructional ingredients for most
learners, but especially for students with LDs. For these students, practice
needs to be designed to develop fluency with foundational skills, with the goal
of freeing up attention for higher-order aspects of the learning task. Some
research suggests an important role for speeded practice. In reading, the
efficacy of timed repeated readings of same and different passages is well
established as a general practice (National Institute of Child Health and
Human Development, 2000; Therrien, 2004) and specifically for students
with LDs (Chard, Vaughn, & Tyler, 2002).

In a recent randomized control trial on math instruction, L. S. Fuchs et al.
(2013b) contrasted the efficacy of number knowledge tutoring with speeded
versus nonspeeded practice on at-risk students’ development of arithmetic
competence. Tutoring occurred for 16 weeks, three times per week. In each
30-minute session, 25 minutes were identical in the two conditions. The
difference between tutoring condition occurred in the last 5 minutes of each
session: practice was either speeded or nonspeeded. This seemingly small
distinction between conditions resulted in a substantial difference in
outcomes. The posttest arithmetical skill of children in the speeded practice
condition was one-half standard deviation stronger than for children in the
nonspeeded condition, and speeded practice helped students achieve greater
reliance on retrieval (the most sophisticated strategy for deriving answers to
arithmetic problems and a characteristic weakness in students with
mathematics LDs). Moreover, in the nonspeeded condition, learning was



weaker for children with limitations in reasoning ability than for children
with stronger reasoning ability in the same intervention condition. In
contrast, students in the speeded condition responded similarly well,
regardless of their reasoning ability. This shows how instructional design can
compensate for the types of limitations students with LDs often experience in
cognitive and linguistic abilities (see principle 2).

Cumulative review must be integrated in a systematic way to ensure
retention of previously mastered content and to help students make effective
discriminations among related types of problems or decoding patterns or
reading genres, and so on. This type of review is especially important for
students with LDs, who often need assistance with retention and retrieval.
Cumulative review also helps connect different parts of the overall
instructional program, which needs to be explicit for students with LDs.

The sixth instructional design principle for students with LDs addresses
the kinds of limitations in oral language these students often experience when
identified with LDs in reading, math, and written expression. Oral language
difficulties are often comorbid with reading and writing disabilities (Bishop &
Snowling, 2004; Snowling & Melby-Lervag, 2016); when students have word
problem difficulties in math, language variables are often associated (L. S.
Fuchs et al., 2006a). Even when an oral language problem has not been
identified as an area of disability, students with LDs are often inefficient
processors of language. Therefore, the language of instruction must be simple
and direct. Teachers must use short sentences, the active voice, unambiguous
pronoun antecedents, and other methods for communicating clearly and
simplifying explanations. Teachers should also require students to repeat
explanations in their own words, while the students incorporate important
terminology. This is one strategy for frequently checking students’
understanding of the material at hand.

A seventh principle concerns the difficulties these students have with
attentional control, motivation, and self-regulation, which may adversely
affect their task-orientation, persistence with challenge, and learning (L. S.
Fuchs et al., 2005a, 2006a). By the time students enter intensive intervention,
they have experienced repeated failure, causing many to avoid the emotional
stress associated with reading or mathematics. They no longer try to learn for
fear of failing. For this reason, intensive intervention must incorporate



motivators to help students regulate their attention and behavior and to work
hard, and for many students, tangible incentives are required.

The eighth principle is comprehensiveness. All too often, instruction for
LDs is skill-based and narrow, focused on learning phonics rules or math
facts. In fact, as the reading example above shows (Mathes et al., 2005),
instructional programs in reading are more effective if they address all three
major components of learning to read, especially in children impaired at the
basic level: word recognition, automaticity, and comprehension. In math, L.
S. Fuchs et al. (2008a) found that students struggling with math learned math
facts as well in the context of word problems as they did with targeted
instruction in math facts. Note that learning math facts in the context of word
problems may develop more flexible, transferable, and efficient math skills
and strategies. Interventions can certainly be targeted, but still should have in
mind that the goal is to develop proficiency with reading comprehension and
a variety of integrated math domains.

The ninth principle is to extend duration and time on task. Many
interventions fail to last long enough or to provide enough time in instruction
for individuals with LDs, especially if they demonstrate intractability. Note
that the Tier 2 intervention in Mathes et al. (2005) was 40 minutes daily for 30
weeks and the Tier 3 interventions were 2 hours per day for 8-16 weeks in
Denton et al. (2006b) and Torgesen et al. (2001). In subsequent attempts to
reduce time and duration to, for example, 8-16 weeks for 30 minutes daily in
grade 1, results like Mathes et al. (2005) have not been obtained (Denton et
al., 2011). Unfortunately, as the example of Foorman et al. (1997) shows,
supplanting instruction through some types of pull-out programs actually
reduces the amount of instructional time. Tiers 2 and 3 must typically
increase time on task and the duration of intervention. To accomplish this,
the number of students who need intensive intervention for LDs needs to be
reduced through strong Tier 1 instruction.

The tenth principle of effective intensive intervention instructional design
is ongoing progress monitoring to ensure that students with LDs are
responding to generally well-designed intervention. This includes the use of
progress-monitoring systems that help teachers know when to make an
adjustment to the instructional program and how to generate ideas for
productive adjustments, as described in Chapter 4. The use of assessment



systems for monitoring student response and for adjusting those programs is
an essential element of effective intensive intervention

In Chapter 4, CBM progress monitoring commonly involves weekly to
biweekly assessments, each time on a different material. In this situation, the
variation in these individual passage estimates is overcome because no
decision is based on a single score. Rather, performance is summarized across
time, while relying on multiple readings on multiple passages. In the future,
form-equated methods will emerge that will make progress monitoring easier
to equate over differences in material and difficulty level. For instruction and
in contrast to identification (see Chapter 4), data on both slopes and final
status is essential. Such ongoing progress monitoring is required to provide
constant feedback to teachers concerning program effectiveness for the
individual student. With ongoing monitoring, a student who does not
respond adequately can be identified promptly, and the teacher can
immediately adjust the intervention to tailor it to the student’s needs. After
the instructional adjustment has been designed, the teacher implements the
program change and continues to conduct ongoing progress monitoring. In
this way, the teacher continues to evaluate the success of the intervention for
the student with an LD and to make adjustments to the program whenever
inadequate response occurs. In MTSS approaches, this distinguishes intensive
intervention at Tier 3 from Tier 2, in which the validated program is
implemented as designed. In essence, ongoing progress monitoring is used to
determine whether a validated treatment program, when implemented
intensively, is in fact effective for a given student with an LD.

When progress monitoring reveals that a student is failing to respond as
expected, it is then used for a second purpose: to differentiate instruction for
that student to represent an individually differentiated instructional program.
Multiple randomized control trials show that when teachers use ongoing
progress monitoring in this way, they plan instruction more effectively and
produce stronger academic outcomes for students with LDs (Stecker et al.,
2005). In fact, many consider the use of ongoing progress monitoring to
inductively formulate instructional programs over time to be a signature
feature of effective special education. For assessing response to ongoing
intervention, L. S. Fuchs and Fuchs (1998) and Speece and Case (2001)
reported that indices based on both slope and intercept were more predictive



of long-term outcomes than slope or intercept alone, the rationale being that
a student could begin an intervention well below benchmark standards, but
have a very positive response that would be masked by the intercept or an
end-of-year benchmark alone.

Although research supports the efficacy of a variety of instructional
methods for promoting academic achievement among students with LDs
(Swanson, Harris, & Graham, 2013), the heterogeneity of this population,
combined with the severe and multifaceted nature of their needs, results in a
high rate of inadequate responsiveness to validated interventions that is high,
ranging between 10 and 50%, depending on the intervention and the criteria
for “inadequate response.” For this reason, academic outcomes for students
with LDs can be enhanced substantially when student progress is
systematically monitored while validated interventions are being
implemented. With progress monitoring, teachers and others gauge the
extent to which an individual student is responding to an instructional
intervention. When response is inadequate, teachers can quickly revise the
program and then monitor the impact of those revisions.

Most importantly, when CBM is used to determine the need for revisions
to student programs, better end-of-year academic outcomes result than when
CBM is not used. CBM enhances instructional planning and student learning
by helping teachers set ambitious student goals, by assisting in determining
when instructional adaptations are necessary to prompt better student
growth, and by providing ideas for potentially effective teaching adjustments
(L. S. Fuchs, D. Fuchs, & Hamlett, 1989).

Another key way in which CBM can enhance instructional decision
making is in assessing the adequacy of student progress and determining
whether instructional adaptation is necessary. When actual growth rate (slope
of the observed line) is less than the expected growth rate (slope of the goal
line), the teacher modifies the instructional program to promote stronger
learning (L. S. Fuchs et al., 1989). Simply collecting CBM data exerts only a
small effect on student learning. To significantly enhance student outcomes,
teachers need to use the CBM data, almost like an ongoing experiment, to
build effective programs.

For helping teachers determine when adjustments are required in
students’ programs and for identifying when goal increases are warranted, the



CBM total scores are used. In addition, by inspecting the graph of
performance indicators over time, teachers may formulate ideas for
potentially effective instructional adaptations. For example, a flat or
decelerating slope might generate hypotheses about lack of maintenance of
previously learned material or about motivational problems. Nevertheless, to
obtain rich descriptions of student performance, alternative ways of
summarizing and describing student performance are necessary. Because
CBM assesses performance on the year’s curriculum at each testing, rich
descriptions of strengths and weaknesses in the curriculum can be generated.

Figure 5.6 offers an example of a CBM graph showing program
development and progress for a child in third-grade mathematics. Each dot
represents performance on one occasion on one alternate form of a CBM test
that systematically sampled the third-grade curriculum. The vertical dotted
line denotes the setting of the goal (also see G at year’s end); the dotted
vertical line indicates the rate of progress required to achieve the year-end
goal; and the solid vertical lines show when the teacher revised the
instructional program in an attempt to boost the rate of progress. The last set
of data points reveals a stronger rate of growth (the four most recent scores
are all above the goal line), so the decision was to increase the goal. The boxes
at the bottom represent mastery of the skills taught in the third-grade
curriculum. The first stack of boxes shows no mastery (i.e., no dark boxes); in
mid-April, Stephen had mastered three skill areas (measurement, money,
decimals); had probably mastered two additional skills (counting, applied
computation); and had partially mastered four more skills (number concepts,
names of numbers, charts/graphs, fractions), leaving only word problems as
attempted but not mastered. Stephen’s teacher could look across rows of the
skills profile to see, for example, that applied computation had gone from (1)
not attempted, to (2) attempted but not mastered, to (3) partially mastered,
then back to (4) attempted but not mastered after the winter break, to (5)
partially mastered again, to (6) probably mastered in March-April.
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FIGURE 5.6. A CBM graph showing program development and progress for “Steven Painter” in a
grade 3 mathematics concepts and applications curriculum. Each dot represents performance on one
occasion on one alternate form of a CBM test that systematically sampled the grade 3 curriculum. The
vertical dotted line denotes the setting of the goal (also see G at year’s end); the dotted vertical line



indicates the rate of progress required to achieve the year-end goal; and the solid vertical lines show
when the teacher revised the instructional program in an attempt to boost the rate of progress. The last
set of data points reveals a stronger rate of growth (the four most recent scores are all above the goal
line), so the decision was to increase the goal. The boxes at the bottom represent mastery of the skills
taught in the grade 3 curriculum. The first stack of boxes shows no mastery (i.e., no dark boxes); in
mid-April, the student had mastered three skill areas (measurement, money, decimals); had probably
mastered two additional skills (counting, applied computation); and had partially mastered four more
skills (number concepts, names of numbers, charts/graphs, fractions), leaving only word problems as
attempted but not mastered. The student’s teacher could look across rows of the skills profile to see, for
example, that applied computation had gone from (1) not attempted, to (2) attempted but not
mastered, to (3) partially mastered, then back to (4) attempted but not mastered after the winter break,
to (5) partially mastered again, to (6) probably mastered in March-April.

CHARACTERISTICS OF INEFFECTIVE
INSTRUCTION

There are several approaches to instruction for students with LDs that are
demonstrably ineffective. Some of these were reviewed by Pennington (2009,
2011). In addition, ineffective intervention has general characteristics that are
summarized in Table 5.2. The largest contributor to ineffectiveness is that the
intervention does not occur in the context of reading, math, and written
language. Basically, it is very easy to eliminate many commonly proposed
instructional approaches for students with LDs because they don’t teach
reading, math, or written language. Widely publicized approaches to assisting
students with LDs in reading by slowing down the speed of temporal
processing of words have been shown in multiple studies to lack
generalization to improved reading (see review by Olson, 2011, and meta-
analysis by Strong, Torgerson, Torgerson, & Hulme, 2011). Teaching working
memory skills using computer programs enhances task-specific working
memory, but shows little generalization to math or reading (Melby-Lervag,
Redick, & Hulme, 2016). This general principle has been observed for many
years in efforts to train cognitive processes (Mann, 1979) and is simply
ineffective if it occurs outside the context of reading, math, and written
language (Kearns & Fuchs, 2013).

TABLE 5.2. Characteristics of Ineffective Interventions for LDs

1. Doesn’t focus on academic skills.



Defines academic proficiency narrowly.
Doesn’t increase instructional time, intensity, or differentiation.
Doesn’t continually monitor progress and adjust instruction or change program.

Teaches for the sake of learning rules, not to master principles.

S

Doesn’t engage the child in reading instructional-level material or practice in math
and writing.

7. Waits for the child to fail; leaves the child behind.

What would happen if these methods were combined with academic
instruction is an interesting question for which research will likely emerge.
Importantly, this general principle can be expanded to exercise (Denton,
2011) and perceptual-motor training (Arter & Jenkins, 1979), optometric and
related lower level oculomotor and visual efficiency training, and special
lenses (American Academy of Pediatrics, 2009; Barrett, 2009; Fletcher &
Currie, 2011), and other “shortcut” solutions to the difficulties presented by
LDs. If the intervention does not teach reading, math, and/or written language,
do not expect improvement in academic skills.

CONCLUSIONS: PRINCIPLES OF INTERVENTION

In this chapter, we addressed general features of instruction for students with
LDs. We emphasized the need to provide intensive Tier 2 intervention in the
context of strong core instruction (Tier 1), which usually reduces the number
of students who require more specialized intensive intervention (Tier 3). We
also emphasized the importance of early intervention, a topic that we will
integrate with neurobiological research in subsequent chapters that highlight
the importance of early, intensive intervention for reducing effects of genetic
risk and developing the neural systems that mediate reading, math, and
writing development. When remediation occurs, it must be much more
intensive than in current practice, which we believe could be the mandate of
special education intervention programs. To accomplish these goals, we
highlighted MTSS frameworks for the service delivery context. Ideally, these
frameworks integrate general and special education and provide for the
continuum of services needed to improve academic and behavioral outcomes
for all students. We highlighted general principles of effective and ineffective



intervention for individuals with LDs. Ongoing assessment through progress
monitoring is essential for all students who struggle.



CHAPTER 6
T

Word-Level Reading Disabilities

(Dyslexia)

This chapter examines the scientific evidence bearing on the study of people
with reading difficulties that involve single-word reading and spelling, or
dyslexia. Consistent with the organization of subsequent chapters addressing
LDs in other domains, we discuss word-level reading disabilities beginning
with definition and classification, including epidemiology, sex ratio, and
developmental course. We then examine academic skill deficits, core
cognitive processes, and neurobiological factors (brains and genes). We
conclude with a comprehensive review of instructional interventions and
remediation efforts. This format varies slightly depending on the nature of
the literature in each domain.

DEFINITION AND CLASSIFICATION

Word-level reading disability (WLRD) is synonymous with “dyslexia,” which
has been described throughout the 20th century as “word blindness,” “visual
agnosia for words,” and “specific reading disability” (Doris, 1993). Early
definitions of dyslexia were built in part on an older history of efforts to
understand children with “unexpected” reading difficulties. Described
initially as “word blindness” by ophthalmologists (e.g., Morgan, 1896), initial



observations involved case examples of children who were unable to read
despite clearly adequate intelligence, strengths in other domains, and an
absence of brain injury. In his case description, Morgan (1896, p. 378)
described a 14-year-old boy who “has always been a bright and intelligent
boy, quick at games, and in no way inferior to others of his age.” He then
described his conspicuous problem reading and spelling words, concluding
that “He seems to have no power of preserving and storing up the visual
impression produced by words—hence the words, though seen, have no
significance for him. His visual memory for words is defective or absent;
which is equivalent to saying he is . . . “word blind.”

The term “dyslexia” became prominent because of the work of Samuel
Orton and his colleagues, who developed a theory of dyslexia and
interventions (Orton, 1928). We use the terms WLRD and dyslexia
interchangeably, and generally use the term “dyslexia” when the source we
are describing used it. This usage is deliberate and designed to refer to people
who display, as Morgan (1896) so aptly described, a primary and often
profound problem in reading and spelling single words in isolation.
Difficulties in reading single words co-occur frequently with limitations in
vocabulary development and reading comprehension across multiple
academic domains whenever text is used to convey information. However,
single-word reading difficulties play a primary role because text-level
cognitive processes demand accurate and fluent reading of the words in text.
The inability to read and spell words is a major source of adaptive difficulty
for persons with LDs and should never be minimized. People with these
difficulties may learn compensation skills, but compensatory strategies are
rarely sufficient for full proficiency with reading comprehension.

The evolution of dyslexia from a vague term to a more precise synonym
for WLRD provides an example of how definitions of LDs can move from
approaches based on exclusionary criteria that mostly indicate what LDs are
not (Rutter, 1982) to inclusionary definitions that focus on a key set of
marker variables that lead directly to identification. As an example of an
exclusionary approach, consider the definition of dyslexia formulated by the
World Federation of Neurology in 1968 as summarized in Critchley (1970):
“a disorder manifested by difficulties in learning to read despite conventional
instruction, adequate intelligence, and socio-economic opportunity. It is



dependent upon fundamental cognitive disabilities, which are frequently of
constitutional origin” (p. 11). This definition mirrors that used in the ICD-10
(World Health Organization, 2013) and the now discontinued DSM-IV
definitions (American Psychiatric Association, 1994), which relied on IQ-
achievement discrepancy formulae. As discussed in Chapter 2, DSM-5
(American Psychiatric Association, 2013a) explicitly rejected IQ-achievement
discrepancy criteria, but recommended an inclusionary threshold for low IQ
within two standard deviations of the mean to differentiate LD from an
intellectual disability. DSM-5 identifies different types of LDs in reading
(word-reading accuracy, reading fluency, and reading comprehension). This
definition did not identify a category of “dyslexia,” but noted that problems
with the accuracy and fluency of single word-reading skills address dyslexia,
much like IDEA 2004 addresses dyslexia by identifying a category of “basic
reading skills.”

For a more specific definition of dyslexia, consider the formulation
developed in 1994 and revised to take advantage of the rapid progress in
research that had occurred over the ensuing decade (Lyon, Shaywitz, &
Shaywitz, 2003):

Dyslexia is a specific learning disability that is neurobiological in origin. It is characterized by
difficulties with accurate and/or fluent word recognition and by poor spelling and decoding
abilities. These difficulties typically result from a deficit in the phonological component of
language that is often unexpected in relation to other cognitive abilities and the provision of
effective classroom instruction. Secondary consequences may include problems in reading
comprehension and reduced reading experience that can impede growth of vocabulary and
background knowledge. (p. 1)

Figure 6.1 provides a schematic of the components of this definition.
Building on the research on academic skill deficits and their cognitive
correlates reviewed below, this definition indicates that dyslexia is manifested
by difficulties with phonological language, often including, in addition to
problems with word reading, a conspicuous problem with acquiring
proficiency in spelling and writing. Although the definition emphasizes word-
reading accuracy, it also explicitly notes that decoding fluency, or
automaticity of word reading, is also involved. Given the difficulties in
accurately and fluently reading words, reading comprehension can be affected
because inaccurate and nonfluent word reading taxes working memory. The
definition is inclusionary because it specifies that people can be identified



with dyslexia when they show problems with decoding single words
accurately and fluently and spell poorly.

Deficit in the Phonological
Component of Language

Decoding Spelling Accuracy Fluency
\ J
//‘ir
Comprehension Reading Experience

Vocabulary Background
Knowledge

Comprehension

FIGURE 6.1. Components of the definition of dyslexia adopted by the International Dyslexia
Association. Courtesy Emerson Dickman.

There remains consensus support for this definition, although we now
know that dyslexia is more complicated than a problem with phonological
processing, with strong evidence for multiple deficits that influence
phonological processing (Pennington, 2006). Nonetheless, Dickman (2017)
summarized his survey of over 30 international researchers on dyslexia:
Thirty well-known researchers and practitioners took part in the discussion
and found little support for changes in the definition.

Prevalence

The prevalence of dyslexia is commonly estimated at 3-7% when applying a
cut point of 1.5 standard deviations below the mean on measures of reading
achievement (Peterson & Pennington, 2012; Snowling & Melby-Lervég,
2016). Historically, studies of reading disabilities have generated prevalence
estimates of 5-15% in the school-age population (Rutter et al., 2004) but the
prevalence of dyslexia has been estimated to be as high as 17.4% in the



school-age population (S. E. Shaywitz, 2004). These higher prevalence rates
can be misleading given the variations in criteria used to identify reading
disabilities and evidence showing that the attributes of LDs, including low
achievement, are normally distributed (S. E. Shaywitz et al., 1992). For
example, for the 17.4% estimate, prevalence was based on a low achievement
threshold at the 25th percentile and/or an IQ-achievement discrepancy
regression-based definition of a 1.5 standard error difference between IQ and
achievement. By adopting a cut point of the 25th percentile and adding
children with reading scores that are above the low achievement threshold,
but discrepant with 1Q, the prevalence should be over 30%. It is lower because
the epidemiological sample from which the estimates were derived has high
average IQ and reading scores.

There is little evidence that rates of dyslexia vary significantly across non-
English languages (Snowling & Melby-Lervag, 2016). In one review of
prevalence rates from mostly European samples, Moll, Kunze, Neuhoff,
Bruder, and Shulte-Korne (2014) examined prevalence estimates of specific
reading disability (RD) in isolation and comorbidly with specific arithmetic
disability (AD) and spelling disability (SD). Depending on the definition and
threshold used, there was a consistent tendency for specific RD (assumed to
include SD) to be identified more frequently (range of 2.2-19.9% depending
on cut points) than specific AD (range of 1.3-10.3%). However, comorbid
associations of RD and AD ranged from 1.0 to 7.6%, and comorbid AD and
SD from 2.3 to 8.1%. It is important to again underscore that prevalence rates
vary as a function of the definition of RD. As Moll et al. noted: “The total
number of children identified with RD, SD or AD simply reflects the cutoff
criterion used to classify learning problems” (p. 2).

In an additional epidemiological study of 1,633 third- and fourth-grade
students in Germany using DSM-5 inclusionary criteria and a one standard
deviation cut point (i.e., < 16th percentile), Moll et al. reported prevalence
figures of 6.5% for specific RD, 3.7% for RD and SD, 1.8% for RD and AD,
and 3.5% for RD, SD, and AD. This totals to about 16% of the population
with some form of RD that frequently co-occurs with SD and AD.
Interestingly, isolated SD occurred in 6.7% of the population, while isolated
RD occurred in 4.8% of the population; 2.8% met criteria for SD and AD.

In an alternative approach to the question of prevalence, Snowling and



Melby-Lervig (2016) identified 15 independent longitudinal studies focused
on samples of individuals at risk for reading failure because of a family history
of dyslexia. Across these studies, they found that if the threshold for dyslexia
was placed above the 10th percentile, the prevalence was 53%. If the threshold
was placed below the 10th percentile, the prevalence was 34%. In samples
with no family risk, prevalence rates were significantly reduced. The averaged
prevalence across cut points was 12%. When the cut point was placed above
the 10th percentile, 16% were identified as having dyslexia. When the
threshold was established at below the 10th percentile, 8% of the samples
were identified as having dyslexia. Clearly, prevalence is higher in samples
with family risk, but this study also indicates how thresholds affect prevalence
in these longitudinal studies.

Regardless of the prevalence, dyslexia is the most commonly identified
form of LD. Lerner (1989) reported that 80-90% of all children served in
special education programs had problems with reading. Kavale and Reese
(1992) found that more than 90% of children in Iowa with the LD label were
identified for reading difficulties. Both studies indicated that most children
who have reading problems experience difficulty with word-level skills.
Similarly, Leach, Scarborough, and Rescorla (2003) reported that about 80%
of an elementary school sample selected because of reading problems had
difficulties involving the accuracy of word reading. The remaining 20% had
difficulties primarily in listening and reading comprehension. In middle
school students who did not pass the Texas state accountability test of reading
comprehension, Cirino et al. (2013) found approximately that over 85% had
problems with decoding and/or fluency, while 12% had problems with
comprehension based on a threshold of the 20th percentile. Thus, most
children who are served in special education programs for LDs likely have
WLRD as part of their disability. The rate of children with reading problems
in U.S. and international surveys are often over 30%, reflecting the impact of
SES and criterion-referenced definitions.

Sex Ratio

Dyslexia has frequently been considered to be more common in males than
females. However, several studies have reported that the sex ratio between



individuals with dyslexia is not significantly different (Flynn & Rahbar, 1994;
S. E. Shaywitz et al., 1990; Wood & Felton, 1994), although these studies
tended to report a slight male preponderance of about 1.4:1 (Flynn & Rahbar,
1994; S. E. Shaywitz et al., 1990). The conflict between the reported ratios may
be related to the practice of sampling from clinic and school settings that were
subject to referral bias. Specifically, boys are more likely to display
externalizing behaviors that lead to referral, and the hyperactive-impulsive
form of ADHD does appear to be more common in boys than girls (Barkley,
2015; S. E. Shaywitz et al., 1990).

More recent analyses question the lower prevalence rates and the
ascertainment bias issue. Rutter et al. (2004) reanalyzed data from four
independent epidemiological studies that permitted estimates of the sex ratio
for reading disability. The authors reported that, across these studies, the sex
ratio ranged from about 1.4-2.7:1, with males more frequently identified.
They also included findings from additional studies in the United Kingdom
and the United States that reported ratios of about 2:1 boys to girls. At the
lower end, these ratios are not really different from those indicated in S. E.
Shaywitz et al. (1990) and Flynn and Rahbar (1994), in which a ratio of about
1.4:1 was reported. In a large study of 491,103 beginning second graders,
Quinn and Wagner (2015) evaluated sex ratios for measures of read-word
and nonsense-word decoding fluency. There was clear evidence of increased
prevalence in males from the 3rd to the 30th percentile, with greater severity
associated with increased male preponderance. At the 3rd percentile, the ratio
was 1.6:1 males for nonsense-word decoding and 2.4:1 males for real-word
decoding fluency. By focusing on severity, Quinn and Wagner obtained rates
comparable to Rutter and Yule (1975), which used a similar cut point. Most
importantly, the differences were not attributable to ascertainment bias. Only
1 in 4 boys and 1 in 7 girls with reading impairment were identified as learning
disabled by the schools, but the sex ratios were similar.

Altogether, these studies establish male preponderance in dyslexia, but
not at the magnitude suggested by clinic samples (Peterson & Pennington,
2012). In some studies, ascertainment bias is clearly demonstrated (see
Donovan & Cross, 2002), but more recent studies have shown clear
associations with severity that are more consistent with male vulnerability
than simply ascertainment bias. In a sense, reports of male preponderance



may simply indicate that the distribution of reading skills is different in males
and females. This begs the question of whether distributions should be pooled
in estimating prevalence. Arnett et al. (2017) evaluated sex differences in a
large sample of twins. Like other steadies, this study found lower reading
scores in males than females, but differences in the sex ratio were found only
in the lower levels of performance: 11.6% males versus 6.1% females.
However, there was greater variability in male than female performance,
essentially suggesting that the distributions were different. Equating the
means and variances for these distributional differences reduced the sex
difference to 8.3% males and 7.9% females. Because few studies find evidence
of sex-based phenotypic differences in the expression of WLRD (Canning,
Orr, & Rourke, 1980; Flynn & Rahbar, 1994; Jiménez et al.,, 2011), more
research is needed on the basis for male preponderance. There is evidence for
sex differences in brain structure and function (Lambe, 1999), specifically
among individuals with dyslexia (Evans, Flowers, Napoliello, & Eden, 2014).

Developmental Course and Outcomes

Dyslexia in particular and RDs in general reflect persistent deficits rather than
a developmental lag in linguistic and reading skills (Francis et al., 1996; S. E.
Shaywitz et al., 1999). Longitudinal studies show that, of children identified as
reading disabled in grade 3, more than 70% maintain this status through
grade 12 (see Figure 3.5; S. E. Shaywitz, 2004). Studies of adults with WLRD
find that the word-reading difficulties persist and that the core cognitive
correlates in the domain of phonological processing also persist (Bruck, 1987;
Cirino, Israelian, Morris, & Morris, 2005). Altogether, the persistence of
WLRDs is more the rule than the exception and represents chronic problems
for the student. These findings highlight the importance of conceptualizing
identification practices within the context of RTI (see Chapter 3).

ACADEMIC SKILL DEFICITS

Word Reading
Using the framework introduced in Figure 1.1, the major academic skill



deficits characterizing children with dyslexia is a difficulty with the accuracy
and/or fluency (automaticity) of single-word decoding, which affects word
reading in isolation and in text (Lyon et al., 2003; Stanovich, 1986). However,
the extent to which deficits in word-reading accuracy and/or fluency occur
varies across the language being read. This is an important issue, particularly
when attempting to understand how linguistic demands in different
orthographies contribute to different phenotypes of reading failure. To
understand dyslexia, an international, cross-linguistic perspective is essential.
Research on dyslexia has been overly influenced by studies of English
speakers (Share, 2008), with phonological-orthographic relations in English
representing an outlier relative to other languages and leading to excessive
focus on reading accuracy (see Chapter 10).

Different orthographies reflect different levels of information depending
on sound, pattern, and meaning. A shallow or transparent orthography is one
that is highly regular in its sound-symbol correspondences. For example,
when reading and spelling words in Finnish, Spanish, or Italian, it is relatively
easier to decode written words because there is a more direct, or transparent,
correspondence between sounds and letters. German written language
reflects a less transparent orthography because it presents the reader with
both direct and indirect sound-letter relationships. English and French
written languages are characterized by more deep or opaque orthographies
because the correspondence between letters and sounds is more irregular,
with English having the most opaque orthography of the major languages.
Chinese, which also has a deep orthography, includes characters that
represent morphemes, but is not an alphabetic language.

An example of how orthographic depth influences different word-readi