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Preface

When I first began producing a text in learning disabilities in 1991 for
advanced undergraduate and graduate students, I had two goals. The first
was to provide students with a rock-solid unassailable knowledge base. I
want them to have the most current information about the learning disabil-
ities field. To meet this goal, I turned to my esteemed colleagues and friends
for help. And they have never disappointed me.

My second goal was to get students to wrestle with the issues and implica-
tions arising from the given information. Most of our advanced and gradu-
ate students come from the teaching corps. Instructional, curricular, and
behavior management demands tend to reinforce a more concrete mindset in
teachers. In turn, this mindset makes wrestling with conceptual and research
implications a rough ride for our students. But professors’ gentle prompts
and more pointed questions on important issues can effectively scaffold the
mental shift necessary for successful learning and performance. Individual
and assigned questions for collaborative group work in initial seminars
usually effect a smooth cognitive transition to the desired mental frame
necessary for lively seminars. Once set on track, like a train off from inertia,
the students will take off and generate thought-provoking questions on the
chapters read!

My two goals have been constant across the revised editions of my text. As
evident from the table of contents, there is a balanced coverage of materials.
We begin in section I with chapters covering conceptual and research areas,
including new entries on language processes, self-regulation, and brain
structures. I choose to include self-regulation because I foresee its promise
as an area for future research. Research on self-regulated learning has been a
major dominating force in educational psychology in recent years and
interest in it will spill over to learning disabilities because the concept of
self-regulated learner dovetails with the conceptual and intervention needs of
students with learning disabilities.

In the second section, intervention research is the theme and updates in all
the major areas are given. Early reading instruction does not appear here
because Dale Willows had been ill and regrettably could not complete the
chapter. Readers should not be too disheartened. With early intervention
research well underway in several research centers in U.S., it may be more
useful for someone to await the data and then summarize the findings so that

Xvil



Xviil Preface

we learn about effective ways of teaching all children to read. At any rate,
Lorraine Graham and Anne Bellert’s chapter on reading comprehension
more than compensates the absence of a chapter on early intervention.
With the intervention focus steadily shifting to intermediate grades, their
chapter couldn’t have been more timely! In this second section, the new topic
entry is the chapter on community of practice by Annemarie Palincsar and
Shirley Magnusson. I asked them to contribute on this particular topic
because their conceptual frame has much promise for research on effective
inclusion.

In the last section of the book, I focus on researchers/scholars’ thoughts
about issues in areas of children, adolescents, and adults with learning
disabilities. The book wraps up with a short but poignant piece by a father
of an individual with learning disabilities. I believe it is through a father’s
eyes that we best understand the need for a life-span perspective in under-
standing and learning about learning disabilities.

Bernice Wong



Acknowledgments

To the contributors of this third edition of my graduate text, Learning about
Learning Disabilities, I want to say thank you from the bottom of my heart! Anyone
who has friends who generously donate their time and cognitive energy to focus on
writing these well-researched, insightful, and stimulating chapters, is indeed blessed.
And I have never stopped counting my blessings!

I also want to thank Nikki Levy, Publisher, for her receptiveness to my suggestion
for another revised edition of this book; and to Barbara Makinster for all her
coordinations among the various departments to insure this book appears in print!
Last but not least, I want to thank the copy-editor and the production department
staff for their contributions to this book.

With gratitude,

Bernice Wong

X1X



This Page Intentionally Left Blank



To the student,

Someone posed a naive question to me. She asked why do I want to revise
my text? I revised this text for the third time because learning disabilities is a
vibrant field with much new information that needs to be shared and the
implications arising from it thoroughly considered! The nature of this new
information comes in diverse forms. There are new research findings,
revamping of old information in light of new, and new areas of research.
These chapters provide exciting readings that will get you to cogitate and
produce some probing questions for your seminars and theses research.
Already, as this book is going to print, new discussions are being held on
issues that will impact on the learning disabilities field, for example, the issue
of resistance to instruction as a way of identifying learning disabilities in
students. You see how dynamic the field is, always bubbling with conceptual
issues and empirical directions, the implications of which need to be debated
and sorted out. Consequently, there is always the need to revise what we
know and what we think in learning disabilities!

Cheers!

Bernice Wong
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CHAPTER 1

Learning Disabilities: An
Historical and Conceptual
Overview

Joseph K. Torgesen

Florida State University

I. CURRENT STATUS OF THE FIELD

The importance of learning disabilities (LD) as a field of professional prac-
tice and scientific inquiry can be appreciated by considering its achievements
in four areas. First, more children are currently being served in LD programs
than in any other area of special education. According to data currently
available from the United States Department of Education, Office of Special
Education Programs, 50.5% of all children identified for special services in
the schools are classified as LD. During the 1999-2000 school year, approxi-
mately 2.9 million students were identified as LD in the United States.

In addition to being the largest field of special education, LD also con-
tinues to grow at a rapid rate. Although it has not continued to grow as fast
as it did during its early years, it remains the fastest-growing category for all
high-incidence disabilities. The most rapid period of growth in the numbers
of students identified as LD occurred in the six years following the passage
of legislation requiring schools to provide services to students with learning
disabilities. From 1976 to 1982, numbers of children with LD served by
schools in the United States grew by 130%, for an annual growth rate of
almost 20%! In contrast, during the period between 1983 and 1988, a period

Learning about Learning Disabilities, Third Edition 3
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4 Joseph K. Torgesen

of consolidation occurred in which the annual growth rate slowed to a little
under 2%. The most recent figures indicate that the growth rate between
1990-91 and 1999-2000 was 3.4% per year, while during the same period,
total school enrollment increased at a rate of about 1.4% a year. It is not
clear why the last 10 years have seen a slight rise in growth rates for students
identified as learning disabled in the United States. The rise may reflect the
influence of a number of different factors, such as increases in the diversity of
the student population or rising pressure on schools to increase student
performance, driven by new accountability standards.

Overall, approximately 5.7% of all children in public schools in the United
States are being served in programs for the learning disabled. However, a
continuing problem is that prevalence rates vary considerably from state to
state, with a range from about 3% in Kentucky and Georgia to close to 9.0
and 9.6% in Massachusetts and Rhode Island, respectively. Of course, the
differing criteria used by various states can create problems for children and
their families when they move across state boundaries. While these figures
from the U.S. amply document the importance of learning disabilities as a
field within special education, formal programs for children with LD are not
restricted to the United States. Canada has an extensive system of services
for children with LD, as do most of the countries of Western Europe.

A. Legal Status within the Law

The extensive services to children and youth with learning disabilities in the
United States are the result of the field’s firm status within the law. Begin-
ning with P.L. 94-142 (The Education of the Handicapped Act of 1975), all
school districts are required to provide free and appropriate education to
children identified as learning disabled. The law, and federal regulations
developed to implement it, specified a wide range of practices that were to
be followed in delivering services to children with LD. The essential provi-
sions of PL 94-142 were reaffirmed in P.L. 98-199 (The Education of the
Handicapped Act of 1983), which also contained some provision for expan-
sion of services at preschool, secondary, and postsecondary levels. Finally,
this legislation, now known as the Individuals with Disabilities Education
Act (IDEA) was reauthorized in 1997, with provisions to assist with discip-
line, assessment and accountability, and development of individualized edu-
cational programs for children with disabilities. IDEA will be considered for
reauthorization by the U.S. Congress in 2003.

B. Professional Associations

A third indication of the current status of the LD field is found in the number
of associations that have been formed to advocate on behalf of children with
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LD, support professional development, and provide a forum for discussion of
research. Currently, seven major organizations focus exclusively on the inter-
ests of children with LD and professionals who work in the field. The largest
of these organizations is the Learning Disabilities Association of America
(LDA), formerly known as the Association for Children and Adults with
Learning Disabilities. Formed in 1964, this organization has over 40,000
members, with nearly 300 local affiliates in 50 states, Washington, D.C.,
and Puerto Rico. It has been concerned primarily with advocacy for learning
disabled children at the state and federal levels, parental issues, and the
communication of information about educational programs and practices.
The Learning Disabilities Association of Canada was incorporated in 1971,
has an additional 10,000 members, and has goals very similar to those of its
sister organization in the United States.

The Division for Learning Disabilities (DLD) is the largest division within
the Council for Exceptional Children. With about 10,000 members, it is
focused on enhancement of professional practices in the field. The Council
for Learning Disabilities (CLD) is an independent organization of 5000
members with goals similar to those of DLD. The oldest professional
organization in the field is the Orton Dyslexia Society, which changed its
name to the International Dyslexia Association (IDA) in 1998. The organ-
ization was formed in 1949 and currently numbers about 13,000 members.
IDA contributes primarily to professional development and communication
of research about children with specific reading disabilities.

Two smaller organizations focus primarily on discussion of issues and
dissemination of information about learning disabilities. The National Joint
Committee on Learning Disabilities (NJCLD) is a small organization com-
posed of appointed representatives from the other major LD associations and
other groups that have an interest in learning disabilities. Its purpose is to
provide a forum for communication among associations and interdisciplin-
ary consideration of many of the issues confronting the field. This organiza-
tion periodically issues position statements on many of these issues. The
NIJCLD is in a position to be uniquely influential because its member organ-
izations represent such a large portion of the entire LD community. Another
relatively small organization whose mission is to disseminate information
about LD is the National Center for Learning Disabilities (NCLD).

Finally, the only organization devoted exclusively to promoting and dis-
seminating research about learning disabilities is the International Academy
for Research in Learning Disabilities (IARLD). Membership in this group is
by invitation and consists mainly of active researchers. Its purpose is
to provide a means for international communication about research on
learning disabilities.

These organizations play a very important role in contributing to the
development and continuing visibility of the field. Most of them hold
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at least annual meetings at the national level, and several of them
publish professional journals on a monthly or quarterly basis. Their large
and growing membership attests to the high level of concern for children
with learning disabilities manifested by parents, educators, and researchers.

C. Active Area of Research

A final indicator of the current status of the LD field is the level of interest in
the topic among researchers. It is a very active area of research. Research on
LD within the United States received a major impetus with the passage of
the Health Research Extension Act of 1985, which mandated the formation
of an Interagency Committee on Learning Disabilities. This committee was
charged to examine the current state of knowledge in the field of LD and
then make a report to congress with recommendations for a research initia-
tive in the area. This report was submitted in 1987, and a year later, its major
content was published as the Proceedings of the National Conference on
Learning Disabilities (Kavanagh & Truss, 1988). The report recommended
that the National Institute of Child Health and Human Development, a unit
within the National Institutes of Health, take the lead in establishing a
comprehensive, multidisciplinary program of research on learning disabil-
ities. In the words of the report, ““A major goal of this research should be the
development of a classification system that more clearly defines and diag-
noses LD, conduct disorders, and attention deficit disorders, and their
interrelationships. Such information is prerequisite to the delineation of
homogeneous subgroups and the delineation of more precise and reliable
strategies for treatment, remediation, and prevention that will increase the
effectiveness of both research and therapy.” (Interagency Committee on
Learning Disabilities, (1987), p. 224).

Based on these recommendations, the NICHD began a very active and
programmatic series of studies that focused primarily on children with
reading disabilities. This research has borne considerable fruit, with one
indirect result being the largest national initiative to prevent reading diffi-
culties ever undertaken in the United States. This initiative, called “‘Reading
First,” was part of a larger education bill called “The No Child Left Behind
Act,” which was signed into law by President George W. Bush in January,
2002. The initiative has been both energized and directed by findings from
the research on reading, reading growth, and reading disabilities that has
been supported by NICHD and the U.S. Office of Education over the past
15 years. Another effect of the additional support for research in LD has
been to attract professionals from fields other than those traditionally asso-
ciated with learning disabilities (i.e., special education) to research in this
area. In particular, well-trained researchers from the fields of psychology,
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medicine, and linguistics promise to make important new contributions to
knowledge about learning disabilities.

Communication about research and professional issues in learning
disabilities is aided by the publication of six journals devoted exclusively
to the topic. The most widely circulated of these is the Journal of
Learning Disabilities (published by PRO-ED, Inc.). Others include Learning
Disabilities Quarterly (published by CLD), Learning Disabilities Research
and Practice (published by DLD), Learning Disabilities: A Multidisciplinary
Journal (published by LDA), and Annals of Dyslexia (published
by the International Dyslexia Association). IARLD publishes two or
three monographs a year on topics related to learning disabilities as well
as a periodical called Thalamus. In addition to these outlets devoted
exclusively to topics of learning disabilities, research related to learning
disabilities is also frequently published in journals such as Journal of
Educational Psychology, Reading Research Quarterly, Journal of Experi-
mental Child Psychology, Brain and Behavior, Developmental Medicine
and Child Neurology, Scientific Studies of Reading, and the Journal of Applied
Behavior Analysis, which accept articles on a variety of topics.

II. A HISTORICAL PERSPECTIVE

When considering the history of the field of learning disabilities, it is helpful
from the outset to make a distinction between learning disabilities as an
applied field of special education and learning disabilities as an area of
research on individual differences in learning and performance. In the
former sense, the field shares many attributes with other political/social
movements, while in the latter sense, it is a loosely joined, interdisciplinary
area of scientific inquiry. It will be a central point of this chapter
that confusion and occasional conflict between these two aspects of the
field have created many problems over the course of its history, and con-
tinues to be a source of many challenges for the field. It is also true that,
although both aspects have some elements of history in common, the pri-
mary impetus for learning disabilities as a social/political movement has a
narrower historical base than for the field as a whole. This discussion
will outline the broad history of ideas about individuals with specific learn-
ing difficulty, but will also point out the special historical antecedents of the
field as a movement. This discussion will be brief, but more detailed infor-
mation about many historical points is available in other sources (Coles,
1987; Doris, 1986; Hallahan & Cruickshank, 1973; Hallahan et al., 1985;
Hallahan & Mercer, 2002; Kavale & Forness, 1985; Myers & Hammill, 1990;
Wiederholt, 1974).
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A. Early Developments

Interest in the possible causes and consequences of individual differences in
mental functioning extends back at least as far as early Greek civilization
(Mann, 1979). However, the beginning of scientific work of immediate
relevance to learning disabilities was probably that of Joseph Gall at the
beginning of the nineteenth century (Wiederholt, 1974). Gall described a
number of cases in which specific loss of mental function in adults occurred
as a result of brain damage. His description of one of his patients is
interesting because it shows his concern with establishing that the patient’s
loss of functioning was isolated to one particular ability:

In consequence of an attack of apoplexy a soldier found it impos-
sible to express in spoken language his feelings and ideas. His face bore
no signs of a deranged intellect. His mind (espirit) found the answer to
questions addressed to him and he carried out all he was told to do;
shown an armchair and asked if he knew what it was, he answered by
seating himself in it. He could not articulate on the spot a word
pronounced for him to repeat; but a few moments later the word
escaped from his lips as if involuntarily....It was not his tongue
which was embarrassed; for he moved it with great agility and could
pronounce quite well a large number of isolated words. His memory
was not at fault, for he signified his anger at being unable to express
himself concerning many things which he wished to communicate. It
was the faculty of speech alone which was abolished (Head, 1926, p. 1I).

Over the next century, many clinical studies of speech and language
disorders were reported; among the best known are those of Bouillaud,
Broca, Jackson, Wernicke, and Head (Wiederholt, 1974). The major goals
of this work were to document the specific loss of various speech and
language functions in adults who had previously shown these abilities, and
to identify the types of brain damage associated with the different kinds of
functional disturbance. Of relevance to the study of learning disabilities, this
work did establish the fact that very specific types of mental impairment can
occur as a result of damage to isolated regions of the brain.

The first systematic clinical studies of specific reading disability were
reported in 1917 by James Hinshelwood, a Scottish ophthalmologist. Hin-
shelwood had examined a number of cases in which adults suddenly lost the
ability to read while other areas of mental functioning remained intact. As
with cases of sudden loss of oral language facility, the loss of reading ability
was attributed to damage to specific areas of the brain. Hinshelwood tried to
support this hypothesis by citing evidence from the patient’s history or
postmortem examination.
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In addition to his work on loss of function with adults, Hinshelwood also
saw cases of children who had extreme difficulties acquiring reading skills. In
his descriptions of these cases, Hinshelwood was careful to document that
their reading difficulties occurred alongside quite normal abilities in other
intellectual skills. For example, in his description of one ten year old boy
with severe reading problems, he states:

The boy had been at school three years, and had got on well with
every subject except reading. He was apparently a bright and,
in every respect, intelligent boy. He had been learning music for a
year, and had made good progress in it ... In all departments of his
studies where the instruction was oral he had made good progress,
showing that his auditory memory was good ... He performs simple
sums quite correctly, and his progress in arithmetic has been
regarded as quite satisfactory. He has no difficulty in learning to
write. His visual acuity is good, (pp. 46-47).

Hinshelwood attributed the boy’s problems to a condition which he called
“congenital word blindness,” resulting from damage to a specific area of the
brain that stored visual memories for words and letters. Given the similar-
ities in symptoms between his cases of developmental reading problems and
those of the adults he had observed, as well as his medical orientation, it is
easy to see how Hinshelwood arrived at his explanation for specific reading
disability in children. However, recent analysis of several of his cases sug-
gests that he may have overlooked a number of environmental influences
that could also have explained the reading problems of children he studied
(Coles, 1987). Whatever the ultimate cause of the reading problems he
studied, Hinshelwood clearly showed that severe reading problems could
exist in children with average or superior intellectual abilities in other areas.
He also believed that cases of true “word blindness” were very rare, with an
incidence of less than one in a thousand.

Following Hinshelwood, the next major figure to report clinical studies of
children with reading disabilities was Samuel Orton, an American child
neurologist. Based on his clinical examinations of children over a 10-year
period, Orton (1937) developed an explanation for reading disability that
was quite different from Hinshelwood’s. Rather than proposing that chil-
dren with specific reading disabilities had actual damage to a localized area
of their brains, he proposed that the difficulty was caused by delay, or
failure, in establishing dominance for language in the left hemisphere of
the brain. He used the term “strephosymbolia,” or twisted symbols, to refer
to the fact that reading disabled children, as he observed them, frequently
had special difficulties reading reversible words (saw—was, not—ton) or letters
(b—d, p—q) correctly. His theory explained reversals as resulting from
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confusions between the visual images of these stimuli projected on the two
different brain hemispheres. Since, according to his theory, these projections
were mirror images of one another, and since neither hemispheric image was
consistently dominant, sometimes the child saw the stimulus as “b” and
sometimes as “d.”

Neither Orton’s particular neurological theories of dyslexia (reading
disability) nor his ideas that reversals are especially symptomatic of the
disorder have stood the test of subsequent research (Liberman et al.,
1971). However, his broad emphasis on dysfunction in the language-related
areas of the brain as a cause of specific developmental dyslexia is consistent
with important current theories in the field (Torgesen, 1999; Shankweiler &
Liberman, 1989).

Orton’s work did have a broader contemporary impact than Hinshel-
wood’s, principally in the stimulation of research and the founding of several
special schools and clinics to serve children with reading disabilities.
The special educational techniques he developed for helping reading dis-
abled children were particularly influential, and in 1949, the Orton Dyslexia
Society was formed in partial recognition of his contributions. It is interest-
ing that the educational programs developed by Orton and Hinshelwood
were similar: they both recommended systematic and explicit instruction
combined with intensive skill-building practice in using letter—sound rela-
tionships (phonics) to recognize words. In their emphasis on direct instruc-
tion and practice in skills required for reading, these educational programs
were quite different from the “process training’ approaches that were advo-
cated 30 years later by many educators once the field of learning disabilities
was officially established.

Although Orton’s work did have an impact on the treatment of reading
disorders in a number of isolated special schools and clinics, neither his nor
Hinshelwood’s theories about the neurological basis for reading disorders
was widely assimilated in scientific and educational circles as an explanation
for individual differences in reading ability (Doris, 1986). Educators and
psychologists who dealt with the vast majority of reading disability cases in
the public schools attributed reading problems to a variety of environmental,
attitudinal, and educational problems. Texts on the diagnosis and remedia-
tion of reading problems published during the 1940s (Durrell, 1940) and
1950s (Vernon, 1957) generally discredited these theories and suggested that,
at best, inherent brain dysfunction accounted for only a very small propor-
tion of reading failure.

B. Immediate Precursors to the Field of Learning Disabilities

The work described thus far is part of the overall history of ideas concerning
specific learning disabilities in children. However, the research and clinical
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activity that led most directly to the initial establishment of a formally
organized field of learning disabilities was conducted by Heinz Werner
and Alfred Strauss at the Wayne County Training School in Northville,
Michigan. In fact, the historical threads between the work of Hinshelwood
and Orton and the development of the learning disabilities movement in
special education are quite tenuous. In retrospect, it seems that their work
has assumed greater historical importance with the developing recognition
that the vast majority of children with LD have reading as their primary
academic problem (Lyon, 1985), and as scientific interest in specific reading
disabilities has increased over the last 15 to 20 years (Raynor et al., 2001).

The work of Werner and Strauss was fundamentally different from that of
Hinshelwood and Orton, in that they sought to describe deficient general
learning processes rather than seeking to describe and explain failure on a
specific academic task. Their work was interpreted as establishing the exist-
ence of a subgroup of children who, presumably because of mild brain
damage, experienced specific limitations in their ability to process certain
kinds of information. Werner and Strauss’s work placed much more em-
phasis on deficient learning processes themselves (which were presumed to
powerfully affect learning in many different situations) than on the specific
academic tasks that were affected.

What were these deficient learning processes? They centered mostly on
what would be called today distractibility, hyperactivity, visual perceptual,
and perceptual/motor problems. Werner and Strauss were influenced heavily
by the work of Kurt Goldstein, who had studied the behavior of soldiers
with head wounds during World War I. Goldstein observed that a number
of behavioral characteristics were reliably found in many of his patients:
inability to inhibit responding to certain external stimuli, figure—background
confusions, hyperactivity, meticulosity, and extreme emotional lability.

Werner and Strauss sought to document the presence of similar behav-
ioral/cognitive difficulties in a subgroup of children at their school. These
children were presumed to have brain damage because of their medical
histories and other aspects of their behavior. They compared the behavior
of these “‘brain-damaged” children with that of other mentally retarded
children who were presumed not to be brain-damaged. Their general con-
clusions were that the brain-damaged children showed specific difficulties in
attention (distractibility) and perception. These findings were coupled with
other observations (Kephart & Strauss, 1940) that the subgroup identified as
brain damaged did not profit from the educational curriculum at the Wayne
County School as much as other children. Specifically, while the 1Qs of the
non-brain-damaged children tended to increase over several years at the
school, the 1Qs of the brain-damaged children declined.

From these observations, Werner and Strauss concluded that the brain-
damaged children needed special educational interventions designed to
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overcome the weaknesses their research had identified (Strauss, 1943). In
Strauss’s words (Strauss & Lehtinen, 1947), “the erratic behavior of brain-
injured children in perceptual tasks might be explained by a figure—ground
deficiency, and an approach to remedy such deficiency should be directed
toward strengthening the figure—ground perception” (p. 50). Strauss’s edu-
cational orientation was toward interventions that focused on either reme-
diation of deficient learning processes (primarily perceptual in nature) or
educational adjustments (eliminating distracting stimuli in the classroom)
that sought to minimize the impact of these deficient processes. In the classic
volumes, Psychopatholoqy and Education of the Brain-Injured Child (Strauss
& Lehtinen, 1947) and Psychopathology and Education of the Brain-Injured
Child: Progress in Theory and Clinic (Vol. 2) (Strauss & Kephart, 1955), he
and his colleagues developed an extensive set of educational recommenda-
tions that became very influential in the education of mentally retarded and
brain-injured children.

As Hallahan and Cruickshank (1973) have pointed out, Werner and
Strauss’s influence on the future learning disabilities field was profound.
Not only did they develop specific educational recommendations that focused
on a special set of deficient learning abilities, but they also provided a general
orientation to the education of exceptional children that became very influen-
tial. The elements of this general orientation were that (1) individual differ-
ences in learning should be understood by examining the different ways that
children approach learning tasks (the processes that aid or interfere with
learning); (2) educational procedures should be tailored to patterns of pro-
cessing strengths and weaknesses in the individual child; and (3) children with
deficient learning processes might be helped to learn normally if those pro-
cesses are strengthened, or if teaching methods which did not stress weak
areas could be developed. As the learning disabilities movement began to
gather strength after its inception in 1963, these three concepts were repeat-
edly used to provide a rationale for its development as an entity separate from
other fields of education. They provided the core of what was unique about
educational programming for learning disabled children.

In retrospect, it is interesting to note that the scientific support for Werner
and Strauss’s ideas about unique processing disabilities in brain-damaged
children was exceedingly weak. As far back as 1949, Sarason attacked their
work because of the way they formed their groups of children with and
without brain damage. Werner and Strauss sometimes assigned children to
the brain-damaged group based on behavior alone, even in the absence of
direct evidence from neurological tests or medical history. Unfortunately,
some of the behaviors that led to selection of children as brain-damaged
were very similar to those that were studied in the experiments. The circular
reasoning involved in attributing experimental differences between groups to
brain damage is obvious.
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Apart from the problems of interpretation caused by weaknesses in their
experimental design, it also turns out that the actual differences between
groups in distractibility and perceptual/motor problems were not very
large. For example, Kavale and Forness (1985) report a meta-analysis of
26 studies conducted by Werner, Strauss, and their colleagues comparing
“brain-damaged” and non-brain-damaged children. When all measures are
combined, the overall difference between groups was 0.104 standard devi-
ations! When the results were examined for different dependent variables
(perceptual-motor, cognition, language, behavior, and intelligence), none of
the estimates of effect size was statistically significant. Kavale and Forness
concluded, “‘this meta-analytic synthesis offered little empirical support for
the alleged behavioral differences between exogenous (brain injured) and
endogenous (non-brain injured) mentally retarded children.” (p. 57).

Although the scientific work of Werner and Strauss on learning deficien-
cies resulting from brain damage does not stand up well to close scrutiny,
their ideas strongly influenced a number of colleagues who carried their
work forward. William Cruickshank, for example, showed that cerebral
palsied children of normal intelligence exhibited some of the same intellec-
tual characteristics as the “brain-damaged” retardates in earlier studies
(Cruickshank et al., 1957). Cruickshank also extended the teaching methods
advocated by Werner and Strauss to children of normal intelligence, and his
extensive evaluation of these techniques is reported in A Teaching Method
for Brain Injured and Hyperactive Children (Cruickshank et al., 1961).

About this same time, another former staff member at the Wayne County
Training School, Newell Kephart, wrote Slow Learner in the Classroom
(1960). In this work, he embellished a theory first proposed by Werner and
Strauss, that perceptual-motor development is the basis for all higher mental
development, such as conceptual learning. A suggestion derived from this
theory was that training in perceptual-motor skills should be helpful to
many children experiencing learning difficulties in school. In his book,
which was to be very helpful in providing “unique” educational procedures
for learning disabilities classrooms, he detailed a number of procedures that
teachers could use to enhance the perceptual-motor development of their
students.

It should be emphasized that all during the 1940s and 1950s, and into the
early 1960s, there was no field of learning disabilities per se. Rather, re-
searchers and clinicians were observing a variety of problems in children of
normal intelligence that seemed to interfere with learning. Children mani-
festing these difficulties went by a variety of labels including minimally
brain-damaged, perceptually impaired, aphasic, or neurologically impaired.
In addition to perceptual motor processing difficulties, a variety of disorders
with auditory and language processes were also being studied. Helmer
Mykelbust, who had extensive experience working with the deaf, became
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interested in children who had more subtle problems in auditory and linguis-
tic processing. In his words (Johnson & Mykelbust, 1967):

children who have auditory verbal comprehension disabilities
resulting from central nervous system dysfunction hear but do
not understand what is said...Language disabilities of this type
have been described in both children and adults and have been
designated as receptive aphasia, sensory aphasia, auditory verbal
agnosia, or word deafness. .. .[T]hese disabilities should be differen-
tiated from the language deficits resulting from deafness or mental
retardation. Frequently such a distinction is not easy to make in
those who have serious impairments, but it is essential in planning
an adequate educational program (p. 74).

Language disabilities were also emphasized in the work of Samual Kirk, who
had served for a brief time as a staff member at the Wayne County Training
School with Werner and Strauss. In 1961, he published the experimental
version of the Illinois Test of Psycho-linguistic abilities (McCarthy & Kirk).
The purpose of this instrument was to allow an examination of a child’s
strengths and weaknesses in the area of language processing. It stimulated
the development of a number of educational programs that specified unique
interventions for children with different patterns of disabilities (Bush &
Giles, 1969; Kirk & Kirk, 1971), and thus was used in a way consistent
with the original educational ideas of Werner and Strauss. Although there
were many other important researchers and teachers concerned with specific
learning disorders during this time, the major themes of the period are
represented in the work already described. Concern was focused on children
who appeared normal in many intellectual skills, but who also displayed a
variety of cognitive limitations that seemed to interfere with their ability to
learn in the regular classroom. Not only were educational and mental health
professionals concerned about these children, but the concerns of parent’s
groups were also becoming more focused and mobilized.

C. Formal Beginnings of the LD Movement

In 1963, at the Conference on Exploration into Problems of the Perceptually
Handicapped Child, which was sponsored by the Fund for Percep-
tually Handicapped Children, Inc., Samual Kirk proposed the term
“learning disabilities” as a descriptive title for the kind of children being
generally discussed at the conference. In his words:

I have used the term “learning disabilities” to describe a group of
children who have disorders in development in language, speech,
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reading, and associated communication skills needed for social
interaction. In this group I do not include children who have sens-
ory handicaps such as blindness or deafness, because we have
methods of managing and training the deaf and the blind, I also
exclude from this group children who have generalized mental
retardation” (Kirk, 1963, p. 2-3).

This speech served as a catalyst to focus the concern of many of those
in attendance, and that evening they voted to form the Association for
Children with Learning Disabilities. The establishment of ACLD represents
the formal beginnings of the learning disabilities field as a social/political/
educational movement. It was primarily an organization for parents. Its
professional advisory board was formed from many of the leading profes-
sionals of the day (i.e., Kirk, Cruickshank, Kephart, Frostig, Lehtinen,
Mykelbust), but its board of directors was composed of parents and leaders
from other segments of society. As the leader of a movement, its goal was to
mobilize social and political concern for the plight of children with learning
disabilities and to create public sector services for them. The material
presented in the beginning of this chapter attests to the enormous influence
that ACLD and associated organizations have had on education over the
past 40 years.

At its inception, the movement faced three major challenges. First, it had
to establish a clear sense of its identity as a field separate from special and
remedial education areas that already existed. Second, it had to develop a
broad base of support for publicly funded educational programs for children
with LD. Third, it had to encourage training efforts to prepare a large group
of professionals for service in the field.

The LD movement approached the first challenge by selecting and pro-
moting ideas about children with LD that emphasized their differences from
other children currently receiving services in the schools. The centerpiece of
the distinction between LD and other children having trouble in school was
that their learning problems were the result of inherent and specific difficul-
ties in performing some of the psychological processes, or mental operations,
required for learning. This was a powerful idea, in that it implied these
children were genuinely handicapped through no fault of their own, their
parents, or their teachers. The idea was also appealing because it was
optimistic; if the right remediation for deficient processes were prescribed,
these children’s achievement in school might become consistent with their
generally “‘normal” abilities in other areas.

The research and theories of Werner and Strauss were instrumental
in providing support for these foundational assumptions about learning
disabilities. For example, the focus of the new field on remediation
of disabilities in fundamental learning processes separated it from the fields
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of remedial reading and remedial math both by making it more general and
by giving the impression that it was attacking educational difficulties in a
more basic and powerful way (Hartman & Hartman, 1973). Professional
fields are characterized by the “special” knowledge and expertise they pos-
sess. Claims about special knowledge in the diagnosis and treatment
of specific processing disorders were instrumental in helping the learning
disabilities movement to establish an identity of its own.

It was also important for the young field to establish that its clients, and
the services to be provided them, were distinct from the existing fields of
mental retardation and emotional/behavior disorders. Here, an emphasis on
the generally “normal” academic potential of children with LD, and on the
specific, and probably short-term, interventions they would require, were
helpful in distinguishing between children with LD and mental retardation.
In differentiating LD children from children with behavior disorders, the
idea that the learning problems of children with LD are inherent (caused by
brain dysfunction), and not the result of environmental influences, was also
important.

Some of the ideas that helped support the formation of the new field
of LD were soon questioned by professionals within the field itself (Mann
& Phillips, 1967; Hammill, 1972). Further, many of the basic assumptions
about learning disabilities that were so strongly advocated in the early days
have been seriously challenged in later research that will be considered in
another section of this chapter (Coles, 1987; Fletcher et al., 1994; Francis
et al., 1996; Stanovich, 1993; Siegel, 1989; Torgesen, 1979). Original support
for these ideas had come primarily from the clinical experience of the field’s
founders with a broad variety of unusual children. These clinically unique
children thus provided the basis for what became a very broad social
movement. At least part of the power of this movement came from the
strength and certainty with which it generalized its assumptions about
learning disabilities to relatively larger groups of children in the public
schools. As Gerald Senf has pointed out (1986), the young field had strong
motives to include as many children under the LD umbrella as possible.

Although one certainly cannot blame those who provided impetus for the
original movement (they were attempting to develop public support for their
clients and their children), their very success in publicizing the concept of LD
has created problems for the science of learning disabilities. Research at-
tempting to verify foundational assumptions about learning disabilities
using samples of children with LD being served in the public schools fre-
quently obtained negative results (Ysseldyke, 1983). However, as Stanovich
has shown in his model of reading disabilities (1990), these negative results
are the likely product of overgeneralization of the LD label in current
practice. Thus, the political success of the LD movement in generating
funds for services to very large numbers of children created inevitable
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ambiguities in the LD concept. The resolution of these ambiguities can only
come through a more carefully disciplined use of the LD label in research
and practice.

Historical developments with regard to public programs for children with
LD and training of LD professionals are closely intertwined and shall be
reported together. Involvement of the U.S. government in activities that
supported development of the field began as a series of Task Force reports
between 1966 and 1969. These reports reviewed a variety of topics including
characteristics of children with LD, extent of current services, methods
of treatment, and estimates of prevalence. The report of Task Force III
(Chalfant & Sheffelin, 1969) described how little was actually known
about assessing and remediating psychological processing disorders.

The first major legislative success came in 1969 with the passage of the
Children with Learning Disabilities Act, which authorized the U.S. Office of
Education to establish programs for students with LD. The government also
sponsored an institute in which plans for the training of LD professionals
were discussed (Kass, 1970). In 1971, the Bureau of Education of the
Handicapped initiated a program to fund Child Service Demonstration
Projects to be conducted in the different states. These demonstration pro-
jects were to directly serve children with learning disabilities as well as to
provide a means for developing professional expertise in the area. Further
support for professional development came through the Leadership
Training Institute in Learning Disabilities at the University of Arizona
that was funded for two years beginning in 1971. In 1975, the learning
disabilities field achieved a firm basis in law with the passage of PL 94-142,
which required all states to provide an appropriate public education
for children with learning disabilities. It was this law that stimulated the
enormous growth in the field that has occurred since the mid-1970s.

D. The Role of Psychological Processes in Learning
Disabilities

As has been mentioned, at least part of the LD field’s claims for a unique
professional identity came from its focus on identifying and remediating the
specific psychological processing difficulties of children with LD. A number
of tests to identify specific processing disorders were developed, among them
the Developmental Test of Visual Perception (Frostig et al., 1964) and
the Illinois Test of Psycho-linguistic abilities (McCarthy & Kirk, 1961),
and various programs to remediate specific deficits in these processes were
published. Popular activities in many learning disabilities classrooms during
the 1960s and 1970s included practice in various visual/motor, auditory
sequencing, visual/perceptual, or crossmodality training exercises. The ra-
tionale for these exercises was that improvement in deficient underlying
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learning processes would allow children to achieve their full potential
in learning academic skills such as reading and math. Since many of the
leading professionals at the time placed an emphasis on visual/perceptual
and visual/motor processing difficulties as a fundamental cause of learning
disabilities, many of the training activities had a decided emphasis on visual
perceptual processes (Hallahan & Cruickshank, 1973).

The first published attacks on this approach to the education of children
with LD came from Lester Mann (Mann & Phillips, 1967; Mann, 1971), who
criticized the approach on theoretical and philosophical grounds. Shortly
thereafter, a number of empirical investigations of the efficacy of perceptual/
motor process training began to appear, and many of these were summar-
ized and commented on by Donald Hammill and his colleagues (Hammill,
1972; Hammill et al., 1974, Wiederholt & Hammill, 1971). Criticism of
process training soon spread to psycholinguistic processes (Hammill &
Larsen, 1974; Newcomer & Hammill, 1975), with the research reviews
generally demonstrating that process training did not generalize to improve-
ments in learning academic skills.

These initial reviews sparked a period of intense controversy within the
learning disabilities movement for almost a decade. The scientific questions
at issue became politicized and polarized, with discussions sometimes con-
taining more personal acrimony than reasoned debate (Hammill, 1990). This
is not too surprising, for these criticisms were directed at one of the founda-
tional pillars of the LD movement. It seems natural that the learning
disabilities movement, with its political/social aims, would strongly resist a
weakening of any aspect of its raison d’etre. When further evidence (Arter &
Jenkins, 1979; Vellutino et al., 1977; Ysseldyke, 1973) effectively closed the
case against process training as a means for treating learning disabilities, the
field turned to direct instruction of academic skills as its dominant mode of
intervention. In Hammill’s (1990) words: “Learning disabilities needed
an approach with a better data base for its foundation; at the time, the
principles of direct instruction satisfied this purpose” (p. 11).

By 1977, dissatisfaction with the processing orientation to diagnosis and
remediation of learning disabilities had become widespread. In fact, the
federal regulations implementing PL 94-142 did not require assessment of
psychological processes as part of the procedures to identify children with
LD for public school programs. Although learning disabilities were still
defined as resulting from deficiencies in the basic psychological processes
required for learning, children with LD were to be diagnosed primarily in
terms of a discrepancy between general measures of intelligence and meas-
ures of achievement in specific areas of learning.

Both the lack of positive criteria for the identification of LD (it was
identified as underachievement not explicable in terms of physical, cultural,
or environmental handicap) and the adoption of direct instruction as the
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treatment of choice undermine the rationale for establishing learning disabil-
ities as a distinct field within remedial and special education. Although direct
instruction in academic skills may be effective with children who have LD,
these procedures do not provide a foundation for learning disabilities as a
distinct field of professional expertise in education. Rather, as Hallahan
et al., (1985) suggest, the striking similarities in educational procedures
across various remedial and special education programs seriously undermine
the educational placement of children with LD in programs separate from
those of other children experiencing academic problems.

There are at least two possible explanations for the failure of the LD
movement to document the utility of process-oriented approaches to identifi-
cation and treatment of children with LD. The first is to concede that the
fundamental assumptions are simply wrong. Coles (1987), for example,
maintains that there is insufficient evidence that children with LD actually
have inherent limitations in the ability to process specific kinds of informa-
tion. Others (Hammill, 1990; Mann, 1979) suggest that there is no evidence to
suggest training in “‘hypothetical processes’ can be more effective than direct
instruction in academic skills as an intervention for children with LD.

In contrast to these views, Torgesen (1979, 1986, 1993, 2002) has sug-
gested that the LD field’s problems with psychological processes arose
because it was an idea ahead of its time. That is, approaches to identifying
and training deficient processes in children with LD were pressed into service
when our understanding of mental processing operations, and their relation-
ships to learning and performing academic tasks, were at only a rudimentary
stage of development. Since the 1960s and 1970s, we have learned an
enormous amount about how to measure mental processing operations,
and many of our fundamental conceptualizations about them have changed
(Butterfield & Ferretti, 1987; Brown & Campione, 1986; Lyon, 1994; Siegler,
1998). For example, we now recognize that processing operations are much
more context sensitive than previously supposed, which makes the problem
of generalization of training particularly important. Further, we have a
much better understanding of how differences in domain-specific knowledge
can influence performance on tasks supposedly measuring processing differ-
ences (Ceci & Baker, 1990). Finally, we have come to appreciate the enor-
mous influence that differences in cognitive strategies can play on many
different kinds of tasks (Meltzer, 1993). All of these improvements in under-
standing suggest that future developments in cognitively oriented training of
psychological processes as an aid to academic improvement will look very
different from techniques used in the past. In fact, there are some strong
indications that cognitively oriented training programs in reading compre-
hension strategies (Mastropieri & Scruggs, 1997; Palincsar et al., 1993),
writing strategies (Harris & Graham, 1996) phonological awareness (Ehri
et al., 2001), and general study strategies (Ellis et al., 1987) can be quite
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effective in raising academic achievement in school. However, whether any
of these interventions will prove uniquely useful to children with LD, as
opposed to other types of poor learners, remains to be demonstrated.

Although the strategy training and phonological awareness training men-
tioned in the preceding paragraph has some superficial similarities to the
kind of process training advocated earlier in the history of the LD field, it is
fundamentally different in two ways. First, this training is closely tied to
specific academic outcomes. Educators do not train phonemic awareness or
writing strategies expecting to obtain general improvements in children’s
“learning abilities.”” Rather, this training is provided because it provides
knowledge and skill in executing the processes required for good perform-
ance on specific academic tasks. Second, current training in these areas is not
conceptualized as remediating a ““basic processing disorder” that is the direct
result of brain dysfunction. Instead, limitations in phonemic awareness are
thought to reflect either a lack of learning opportunities or limitations in
some more fundamental processing capability (Torgesen, 2002). Children’s
phonemic awareness can be improved through careful and systematic in-
struction, even when their ability to process the phonological features of
speech is limited by some more basic, and as yet unidentified, processing
weakness. Inefficiencies in using strategic behaviors on academic tasks can
also result either from a lack of opportunity to learn the strategies or from a
more fundamental learning difficulty of an unspecified type (Siegler, 1998).

There is, however, one line of current research that does purport to
remediate a basic and generalized processing disorder that affects the growth
of both language comprehension and reading abilities. Paula Tallal and her
colleagues (Tallal, 1980; Tallal et al., 1996) have developed a theory to
explain language disabilities by suggesting that some children have special
difficulties processing rapidly changing or rapidly sequential auditory stim-
uli. This difficulty arises because these children’s brains do not sample
acoustic signals sufficiently rapidly to note changes of short temporal dur-
ation. Thus, the children perceive some speech contrasts, or other rapid
temporal events, inaccurately. When listening to speech, these children
often confuse words, or parts of words, because they do not notice the
very rapid changes in the acoustic pattern of speech that signals the presence
of different phonemes (sounds) in words. Thus, they might sometimes con-
fuse “bat” with ““pat” because the difference between the beginning
phonemes of these two words is signaled by a very brief difference in voice
onset time.

These investigators have reported success in directly modifying children’s
ability to process these rapidly changing or rapidly successive features of
auditory signals (Merzenich et al., 1996). In effect, they claim to have
a technique, using a series of computer programs, called Fast ForWord
Language, that can change the way the brain processes acoustic stimuli, so
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that perception and understanding of speech and language is improved.
These effects have been documented primarily for language comprehension
in children with severe language disabilities, but some evidence has also been
reported that the method can lead directly to improvements in phonemic
awareness (Habib ez al., 1999). A very recent study (Temple et al., 2003) has
also reported substantial improvements in both word level and reading
comprehension skills in a sample of 10-year-old children with reading dis-
abilities following intensive work with the Fast ForWord program over a
period of 8 weeks.

These latter findings are consistent with the idea that the method may
have some use in treating the core information-processing deficits of children
with specific reading disabilities that are caused by difficulties processing
spoken phonological information. Because negative results for this method
and its theory are also being reported (cf. Hook et al., 2001; Nittrouer, 1999,
McAnally et al., 1997; Mody et al., 1997), its applicability as a widely useful
intervention technique for children with reading disabilities is still uncertain.
Although the field of learning disabilities is rightfully wary of instructional
methods that claim to affect basic processing capabilities and thus to im-
prove academic learning outcomes (Hallahan & Cruickshank, 1973;
Hammill & Larson, 1974; Torgesen, 1979), we must remain open to genuine
scientific achievements that may be powerfully beneficial to many children.

III. CURRENT AND FUTURE ISSUES

This section contains very brief discussions of several issues that are of
current importance to the field of LD. Some of these issues, such as those
of definition, have the potential to alter drastically the identity of the field,
while others have more to do with practical issues of identification and
service delivery. Since each of the issues to be discussed is very complex,
I cannot hope to represent them fully in the brief space allotted. Rather, I
will state the essential questions in each area, suggest why they are important
to the field, and provide a very limited exposure to current work in the area.

A. The Problem of Definition

Definitions, such as those proposed for learning disabilities, are offered to
specify a particular type of condition or individual. They are valid as long as
there is at least one individual to whom they apply. Definitions of learning
disabilities are frequently critiqued because they almost universally state that
neurological impairment is the presumed cause of the problem. However,
even the most severe critics of the LD concept (cf. Coles, 1987) agree that
at least a few children may have specific neurological impairment that
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interferes with school learning. The important question for these critics is
how many of the 5% of school children currently identified as LD are
adequately described by current definitions? Answers to this question may
affect the numbers of children legitimately served under current law, but
they do not threaten the validity of the concept.

The definition of learning disabilities accepted by the majority of persons
in the field has changed in subtle ways since it was first formalized in 1967 by
the National Advisory Committee on Handicapped Children (the definition
later incorporated in PL 94-142). Most of the changes reflect additions to our
knowledge about learning disabilities derived from research and practice.
That first formal definition stated:

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, think, 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 problems which are primarily the result
of visual, hearing, or motor handicaps, of mental retardation, of
emotional disturbance, or of environmental, cultural, or economic
disadvantage.

The interagency report to the U.S. Congress (1987) identified at least four
problems with this definition: (1) it does not indicate clearly enough
that learning disabilities are a heterogenecous group of disorders; (2) it fails
to recognize that learning disabilities frequently persist and are manifest
in adults as well as children; (3) it does not clearly specify that, whatever
the cause of LD, the “final common path” is inherent alterations in the
way information is processed; and (4) it does not adequately recognize
that persons with other handicapping or environmental limitations
may have a learning disability concurrently with these conditions. Newer
definitions, such as those proposed by the National Joint Committee on
Learning Disabilities in 1981 and revised in 1988, or that proposed by
ACLD in 1986, attempted to incorporate this new information in their
definitions.

An interesting controversy was stimulated by the definition proposed in
the Interagency Committee’s report to Congress (1987). Recognizing re-
search findings on the problems children with LD show in many social
interactions, this definition added deficits in social skills as a type of learning
disability. This proposal was explicitly rejected by the U.S. Department
of Education. NJCLD’s new definition, given in the following text, also
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specifically excludes problems in social interaction as a defining characteris-
tic of children with learning disabilities:

Learning disabilities is a general term that refers to a heterogeneous
group of disorders manifested by significant difficulties in the acqui-
sition and use of listening, speaking, reading, writing, reasoning, or
mathematical abilities. These disorders are intrinsic to the individ-
ual, presumed to be due to central nervous system dysfunction, and
may occur across the life span. Problems in self-regulatory behav-
iors, social perception, and social interaction may exist with learn-
ing disabilities but do not by themselves constitute a learning
disability. Although learning disabilities may occur concomitantly
with other handicapping conditions (for example, sensory impair-
ment, mental retardation, serious emotional disturbance) or with
extrinsic influences (such as cultural differences, insufficient or in-
appropriate instruction), they are not the result of those conditions
or influences (NJCLD memorandum, 1988, p. 1).

In an article in the Journal of Learning Disabilities, Hammill (1990) argued
strongly that the NJCLD definition represents the broadest current consensus
in the field, and that remains the case in 2003. For example, the U.S. Depart-
ment of Education convened a study group of research scientists in the LD
field in November, 2001, to formulate statements about learning disabilities
on which there was current consensus. The study group was part of a larger
Learning Disabilities Initiative that extended over 2 years to identify issues
and build consensus in the field prior to the reauthorization of the Individuals
with Disabilities Education Act. With regard to the concept of learning
disabilities, the study group agreed to the following statement:

Strong converging evidence supports the validity of the concept
of specific learning disabilities (SLD). This evidence is particularly
impressive because it converges across different indicators and
methodologies. The central concept of SLD involves disorders of
learning and cognition that are intrinsic to the individual. SLD are
specific in the sense that these disorders each significantly affects a
relatively narrow range of academic and performance outcomes.
SLD may occur in combination with other disabling conditions,
but they are not due primarily to other conditions, such as mental
retardation, behavioral disturbance, lack of opportunities to learn,
or primary sensory deficits. (Danielson & Bradley, 2002, p. 792).

It is important for the field of learning disabilities as an educational/
political movement to obtain relatively wide acceptance of a single broad
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definition of LD. However, this type of definition also has some serious
drawbacks. The most important of these limitations may be that
such definitions are not helpful in guiding research because they allow
study of too great a variety of children under the same definition (Wong,
1986). When researchers attempt to compare findings across studies that
have used broad definitions as a guide to sample selection, they often find,
not surprisingly, that they have obtained different results. Many scholars
now feel that it may be time for a moratorium on the development of such
broad definitions. For example, Stanovich (1993) argues:

Scientific investigations of some generically defined entity called
“learning disability” simply make little sense given what we already
know about heterogeneity across various learning domains. Re-
search investigations must define groups specifically in terms of the
domain of deficit (reading disability, arithmetic disability). (p. 273)

An example of such a domain-specific definition of a type of learning
disability is found in the definition of reading disabilities that was recently
proposed by the research committee of the International Dyslexia Associ-
ation in collaboration with the National Center for Learning Disabilities and
scientists from the National Institute of Child Health and Human Develop-
ment. This definition incorporates what has been learned about reading
disabilities as a result of recent research initiatives in this area. The definition
states:

Dyslexia is one of several distinct learning disabilities. It is a specific
language-based disorder of constitutional origin characterized by
difficulties in single word decoding, usually reflecting insufficient
phonological processing. These difficulties in single word decoding
are often unexpected in relation to age and other cognitive and
academic abilities; they are not the result of generalized develop-
mental disability or sensory impairment. Dyslexia is manifest by
variable difficulty with different forms of language, often including,
in addition to problems with reading, a conspicuous problem with
acquiring proficiency in writing and spelling” (Lyon, 1995, p. 9)

It is beyond the scope of this chapter to detail the enormous amount of
research knowledge about reading disabilities that is reflected in this defin-
ition (cf. Raynor et al., 2001; Share & Stanovich, 1995; Torgesen, 1999). It is
important to recognize that this definition does not cover all possible forms
of reading disability, only the most common one (Fletcher e al., 2002).
Although the definition will undoubtedly change as more knowledge about
reading disabilities is acquired, it may serve as a model for the development
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of other domain-specific definitions of learning disabilities as we acquire
more understanding of the specific factors that are responsible for difficulties
learning in other academic areas.

B. Etiology

As I mentioned earlier, the concept of learning disabilities is not threatened
by our inability to show that every child being served in special education
programs for children with learning disabilities has a processing disability
resulting from neurological impairment. However, if only a minuscule per-
centage of children being served as LD actually fit the definition, this would
clearly create problems for the learning disabilities movement. The funda-
mental assumption about LD at present is that they result from neurological
impairment affecting specific brain functions. This is why they are given
special status as a handicapping condition.

The area of learning disabilities, as a movement, has not been strongly
concerned with questions of etiology (preferring to focus instead on problem
description and intervention). However, its ultimate integrity as a separate
field of education depends upon finding answers to questions about the
extent of brain pathology in the population it serves.

At present, the best evidence that learning disabilities are a genuinely
handicapping condition arising from differences in brain function comes
from studies of the genetic transmission of reading disabilities. These studies
(Olson, 1997; Wadsworth et al., 2000) indicate that approximately 50 to 70%
(depending on level of general 1Q) of all variability in the phonological
processes that cause specific reading disability can be attributed to genetic
factors. This genetic research has demonstrated that the risk in the offspring
of a parent with a reading disability is eight times higher than in the general
population.

These genetic studies are being supplemented by very active research
programs to identify the specific locus of brain dysfunction responsible for
difficulties learning to read. We now have substantial evidence indicating
that poor readers exhibit disruption primarily, but not exclusively, in the left
hemisphere serving language. Thus, neurobiological investigations using
postmortem brain specimens, (Galaburda ez al., 1994), brain morphometry
(Filipek, 1996), and diffusion tensor MRI imaging (Klingberg et al., 2000)
suggest that there are subtle structural differences in several regions of the
brain between children who are learning to read normally and children with
reading disabilities. There is also emerging evidence from a number of
laboratories using functional brain imaging that indicates an atypical pat-
tern of brain organization in children with reading disabilities. These studies
show reductions in brain activity while performing reading tasks usually, but
not always, in the left hemisphere (Shaywitz et al., 2000). In a recent
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summary of the evidence concerning the neurobiological substrate for spe-
cific reading disabilities, Zeffiro and Eden (2000) conclude that, “‘the com-
bined evidence demonstrating macroscopic, morphologic, microscopic
neuronal, and microstructural white matter abnormalities in dyslexia is
consistent with a localization of the principal pathophysiological process
to perisylvian structures predominantly in the left hemisphere.” (p. 23)
However, these authors also hint at the possible need to enlarge our concep-
tualization of the biological differences between dyslexic and typical children
by pointing out that there is emerging evidence for brain abnormalities in
these children extending beyond the classically defined language areas.

Although these findings do provide strong support for the concept of
constitutionally based reading disabilities, they do not answer questions
about the proportion of students identified as LD who actually have these
kinds of disabilities. The findings from the genetic studies suggest that bio-
logically based reading disabilities may be relatively common among school-
identified samples of children with LD. Certainly, studies of the cognitive
abilities of reading-disabled children indicate that difficulties processing
phonological information are the most common cause of this disorder
(Fletcher et al., 1994). However, at least half of the variability in phonological
processing “‘talent” is the result of environmental influences, and phono-
logical abilities themselves are influenced by how well children acquire read-
ing skills (Wagner et al., 1997). Thus, it would be difficult to defend the
proposition that all, or even most, children currently being served as reading
disabled in public schools have reading disabilities of constitutional origin.

Compared to our knowledge about reading disabilities, we have very little
information about potential biological bases for other types of learning
disabilities. Byron Rourke (1995) has proposed a theory of nonverbal learn-
ing disabilities that identifies a clear biological basis for difficulties acquiring
certain types of skills in mathematics. However, by Rourke’s own estimate,
this type of disability is very rare, and it thus may not provide an adequate
description of the factors that are most commonly responsible for academic
disabilities in the area of math.

C. Difterentiation of LD from Other Conditions

The issue of etiology is important to the field of learning disabilities because
it provides a basis for establishing that the learning problems of children
with LD are fundamentally different from those experienced by other types
of poor learners. Another way to address the question of differences between
children with LD and other poor learners is in terms of their cognitive or
behavioral characteristics. Differences at this level are important to our
ability to differentiate reliably between those with LD and other poor
learners during the assessment/diagnostic process.
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This issue was forcibly raised relatively early in the history of LD as a
formal discipline through the research of James Ysseldyke and his colleagues
at the Minnesota Institute for the Study of Learning Disabilities. For
example, Ysseldyke summarized over 5 years of research on assessment
issues by stating that it was not possible, using current procedures, to
reliably differentiate LD from other low achievers (Ysseldyke, 1983).
In support of this contention, his group reported data in several studies
showing a large degree of overlap in test scores, and test score patterns,
between groups of school-identified children with LD and nonidentified slow
learners (Ysseldyke et al., 1982; Shinn et al., 1982). Further, they also
showed that a sample of school psychologists and resource room teachers
could not reliably classify children as LD or slow learners using clinical
judgment applied to test data (Epps et al., 1981). Other investigators have
found similarly high degrees of communality on cognitive, affective, and
demographic variables between samples of LD, educable mentally retarded,
and behaviorally disturbed children in the public schools (Gajar, 1980;
Webster & Schenck, 1978).

Although these findings are potentially troublesome to the LD movement
because they suggest that public monies are being selectively channeled to
support a group of children (LD) who are not being reliably differentiated
from other poor learners, they are irrelevant to basic scientific and concep-
tual issues. They say more about the social/political process of identification
in the public schools than they do about the scientific validity of the concept
of learning disabilities (Senf, 1986). While these findings may suggest that
the concept has been overextended in practice, or that factors other than data
about the child’s psychological characteristics are important to placement
decisions (Ysseldyke, 1983), they do not address basic scientific questions
about the uniqueness of Children with LD.

However, other work on reading disabilities has addressed this question
directly. The preponderance of this work directly challenges the validity of
traditional operational definitions of reading disability that have utilized a
discrepancy between general intelligence and reading ability as part of the
diagnostic process. Traditional diagnostic practices have assumed that spe-
cific reading disability (reading ability discrepant from intelligence) was
fundamentally different from reading problems in children whose level of
general ability was consistent with their poor reading skills. There are now
four major kinds of evidence against this assumption (Fletcher et al., 2002).

First, early reports (Rutter & Yule, 1975) that reading disabilities were
distributed bi-modally (implying that there were two different underlying
populations of poor readers) have not been replicated in later, well-designed
epidemiological studies (Shaywitz et al., 1992; Silva et al., 1985; Stevenson,
1988). Second, careful investigations of the cognitive profiles of discrepant
and nondiscrepant poor readers indicate that they do not differ in the
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cognitive abilities most related to word-level reading difficulties (Fletcher
et al., 1994; Stanovich & Siegel, 1994). Third, discrepant and nondiscrepant
groups show a similar rate of growth in word-level reading skill, both during
early elementary school (Foorman et al., 1995) and into early adolescence
(Francis et al., 1995). Finally, studies of the genetics of reading disabilities
have shown that discrepant and nondiscrepant word-level reading disabil-
ities are both heritable (Wadsworth et al., 2000).

The fundamental conceptual error involved in using a discrepancy
between broad intelligence and reading ability to differentiate between chil-
dren with a “true reading disability” and children who struggle in reading
because they are “generally slow learners™ arises from the fact that both of
these groups of children experience difficulties acquiring basic reading skills
for the same reason. It was the discovery that the majority of children who
experience difficulties learning to read printed words do so because they have
weaknesses in the phonological domain of language (Torgesen & Wagner,
1998) that made this point clear. Early reading difficulties are not predicted
well by general intelligence because phonological language abilities are only
weakly correlated with 1Q (Wagner et al., 1994). Thus, some children with
above average intelligence can experience reading disabilities because of
specific weaknesses in the phonological domain, and other children with
phonological weaknesses, who also happen to have limitations in a broader
range of cognitive and language skills, experience reading difficulties for the
same reason. Both groups of children need the same kind of instruction to
acquire proficient word-reading skills, but one of the groups will also require
additional interventions that address their broader range of language and
cognitive impairment (Foorman & Torgesen, 2001).

Although movement away from discrepancy-based definitions of reading
disability toward more inclusive definitions will create many difficult issues
in practice (i.e., how to serve the expanded numbers of children with genuine
disabilities in reading), it will assist in the early identification of children at
risk for reading failure. At present, identification must wait for a discrepancy
between IQ and reading ability to develop. However, a more valid approach
would be to identify children who show the specific linguistic/phonological
characteristics of reading-disabled children (without regard to general ability
level) and provide special services to them.

D. Issues in Identification and Service Delivery

As was mentioned earlier, there is currently no convincing evidence
that children with LD require qualitatively different kinds of instructional
interventions than other types of poor learners in the area of their disability.
What we do know is that they must be provided with a different kind of
instruction than is typically available in the regular classroom. After all, it is
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their inability to profit from regular classroom instruction that usually leads
to a diagnosis of learning disability! In the case of reading disabilities, which
is the most common form of learning disability and the one we know the
most about, it appears that these children require instruction which is more
explicit, more intensive, and more supportive than is typically provided in
the classroom (Foorman & Torgesen, 2001).

Instruction must be more explicit in the sense that it makes fewer assump-
tions about pre-existing skills or children’s abilities to make inferences about
language regularities that are useful in reading. In other words, children with
reading disabilities must be directly taught almost everything they need to
know in order to be good readers (Gaskins ez al., 1997).

In addition to being more explicit, reading instruction for children with
disabilities in this area must be more intense. Greater intensity can
be achieved either by lengthening instruction time or by reducing teacher-
pupil ratios. Greater intensity of instruction is required not only because
reading-disabled children learn these skills more slowly, but also
because increased explicitness of instruction requires that more things be
taught directly by the teacher. Unless beginning reading instruction for
children with reading disabilities is more intensive (or lasts significantly
longer) than normal instruction, these children will necessarily lag signifi-
cantly behind their peers in reading growth. Substantially increased intensity
of instruction seems especially critical in remedial settings, where children
begin the instruction already significantly behind their peers (Torgesen,
2004).

A third way in which instruction for children with reading disabilities
must be modified in order to be successful involves the quality of support
that is provided. At least two kinds of special support are required. First,
because acquiring reading skills is more difficult for children with reading
disabilities than others, they will require more emotional support in the form
of encouragement, positive feedback, and enthusiasm from the teacher
in order to maintain their motivation to learn. Second, instructional inter-
actions must be more supportive in the sense that they involve carefully
scaffolded interactions with the child. In a recent investigation of the
characteristics of effective reading tutors, Juel (1996) identified the number
of scaffolded interactions during each teaching session as one of the critical
variables predicting differences in effectiveness across tutors. A scaffolded
interaction is one in which the teacher enables the student to complete
a task (i.e., read a word) by directing the student’s attention to a key piece
of information or by breaking the task up into smaller, easier-to-manage
ones. The goal of these interactions is to provide just enough support
so the child can go through the processing steps necessary to find the
right answer. With enough practice, the child becomes able to go
through the steps independently. Juel’s finding about the importance of
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carefully scaffolded instructional interactions is consistent with the
emphasis on these types of interactions in the teacher’s manuals that accom-
pany two instructional programs shown to be effective with children who
have severe reading disabilities (Lindamood & Lindamood, 1984; Wilson,
1988).

Although these instructional needs seem well established from research
and theory, there is, at present, little consensus about how they can be met
within typical school settings. The traditional approach to educating learn-
ing disabled children has been in pullout programs, in which one teacher
works with relatively small groups (5-15) of children in a special classroom
setting. This approach has been criticized because it typically does not lead
to “normalization” of academic skills for most children with LD (Hanushek
et al., 1998). However, the model that has emerged as its replacement,
variously labeled the regular education initiative, mainstreaming, or the
inclusion movement, is also problematic. For example, Vaughn and her
colleagues (Vaughn & Schumm, 1996), after extensive studies of regular
classroom teachers’ responses to LD students, indicate ‘““‘general education
teachers find many more accommodations desirable than feasible, and are
unlikely to make extensive, time-consuming adaptations to meet the individ-
ual needs of students” (p. 109). Further, “practices that require an inordin-
ate amount of teacher effort for an individual child or subgroup of children
are not likely to be adopted” (p. 122). In a series of studies of academic
outcomes for Children with LD being educated with inclusionary practices,
Zigmond (1996) reported very discouraging outcomes for the majority of
LD students in these settings.

The problem with current intervention and service delivery methods
appears to be that they are not delivered with sufficient intensity, and they
may not be delivered with sufficient skill. The most convincing evidence for
this point is found in recent intervention research that has delivered signifi-
cant amounts of instruction (60-100 hours) with reasonable intensity (either
1:1 or in very small groups of 3 to 5 children), over relatively short periods of
time (2 to 6 months). This research has focused on children with serious to
moderate reading difficulties in late elementary school (Torgesen et al.,
2003), and it has demonstrated that the reading accuracy and reading
comprehension skills of the large majority of these children can be brought
into the normal range. Although reading fluency can be improved, it is much
more difficult to “close the gap” in reading fluency than it is for other
reading skills (Torgesen et al., 2001).

Can learning disabilities by prevented? One obvious consequence of
moving toward more inclusive definitions of learning disabilities (that do
not require aptitude—achievement discrepancies) is that children at risk for
learning disabilities may be identified very early in their school experience. If
special preventive instruction could be provided at the appropriate time, will
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this eliminate the need for further special instruction for children with LD?
At present, there are two different ways to answer this question, and both
indicate that we do not yet have viable preventive solutions for reading
disabilities. First, several early intervention studies have been conducted
using a range of service delivery methods from one-on-one instruction, to
small group instruction, to whole class instruction (Brown & Felton, 1990;
Foorman et al., 1998; Torgesen et al., 1999; Vellutino et al., 1996). After
total instructional times varying from 88 to 340 hours, these interventions
proved to be ineffective with from 2 to 6% of the total population (Torgesen,
2000). While the preventive interventions substantially reduced the number
of children potentially “at risk” for reading disabilities, they were not suffi-
cient to help all children acquire basic beginning reading skills. Further,
there is some beginning evidence that even children who respond positively
to early interventions may require additional intervention at a later point to
maintain normal growth in reading skill (Torgesen, 2004). For example,
follow-up studies of children who successfully complete the popular Reading
Recovery program as first graders indicate that a very substantial portion of
them either fall behind in reading development or require special reading
interventions at some point later in elementary school (Shanahan & Barr,
1995).

In summary, the most critical issue for service delivery is one that has been
with the field since its inception. How can we deliver high-quality, effective
instruction to all children with learning disabilities? At present, the zeitgeist
suggests that the regular classroom is the place where all learning disabled
children should be educated. However, the needs of children with LD for
instruction that is more explicit, more intensive, and more supportive than
normal are going to be very difficult to meet in most regular classroom
settings. In addition to the time constraints involved, in the case of reading,
added explicitness of instruction implies that teachers need much more
knowledge about language and reading processes than they currently possess
(Moats, 1995). Much of our current research on reading disabilities suggests
that we have seriously underestimated the amount and quality of instruction
these children will require in order to acquire useful reading skills. One of the
great challenges for our field in the next decade will be to learn the condi-
tions that need to be in place, and then to accomplish the political work to
put them in place, for all children with learning disabilities to acquire a full
range of useful academic skills.

IV. CONCLUDING COMMENTS

When I wrote the first version of this chapter about 12 years ago, I predicted
that the coming decade would be a time of great change for the field of
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learning disabilities. I was right in one sense and wrong in another. The sense
in which 1 was wrong is that there has been little change in the status of
the field as a social/political/educational movement over the past 12 years.
The study of learning disabilities continues as a strong and vital force within
the larger special and regular education communities. Its services, which are
mandated by law in many countries, are offered to vast numbers of children
with a variety of very difficult and unusual educational problems. Profes-
sionals in the field continue to organize themselves into strong associations
which provide adequate means for communication about research and
professional issues. Additionally, the interests of children and adults with
LD are served by a number of strong associations which have as a primary
aim the protection of their rights to a free and appropriate education as well
as appropriate accommodations in the workplace. Finally, research in the
area has continued to grow and become more diverse, and many new
research initiatives have been supported by governmental agencies.

The sense in which I was right is that there has been a substantial
improvement in our knowledge about learning disabilities, particularly for
the most common disability that affects acquisition of reading skills. We
know, for example, that reading disability most frequently involves difficul-
ties in learning to identify words rapidly and accurately, and that the
primary cause of this problem is deficiencies in the ability to process
the phonological features of language. Further, we know that substantial
proportions of individual differences in phonological abilities are transmit-
ted genetically, and we are beginning to form relatively clear ideas of the
specific locations in the brain that are affected. All these facts support
traditional definitions of learning disabilities that suggest they arise from
intrinsic processing disabilities that are constitutionally based. However, the
consistent finding that reading problems arise from essentially the same
handicapping conditions in children whose reading levels are discrepant
and nondiscrepant from their IQ invalidates commonly used aptitude—
achievement discrepancy formulae to identify children with LD. In
order to bring practice in line with the best scientific information currently
available, the field should adopt a more inclusive definition of reading
disabilities. Children should not be denied LD services because their apti-
tude—achievement discrepancy is not large enough; rather, all children who
show the primary symptoms of phonologically based reading disabilities
should receive appropriate instructional interventions.

At this point in time, the field of learning disabilities is on an exciting path.
It is solidly supported in law, it has an enormous number of well-informed
advocates and professionals working on its behalf, and it is the subject of
challenging and programmatic research. Let us hope that the next decade
brings continued new knowledge and appropriate expansion of services to
all children and adults with learning disabilities.
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I. INTRODUCTION

Memory is the ability to encode, process, and retrieve information that
one has been exposed to. As a skill, it is inseparable from intellectual
functioning and learning. Individuals deficient in memory skills, such as
children and adults with learning disabilities (LD), would be expected to
have difficulty on a number of academic and cognitive tasks. Although
memory is linked to performance in several academic (e.g., reading)
and cognitive areas (e.g., problem-solving), it is a critical area of focus in
the field of LD for three reasons. First, it reflects applied cognition; that is,
memory functioning reflects all aspects of learning. Second, several studies
suggest that the memory skills used by students with LD do not appear
to exhaust or even tap their ability, and therefore we need to discover
instructional procedures that capitalize on their potential. Finally, several
intervention programs that attempt to enhance the overall cognition
of children and adults with LD rely on principles derived from memory
research. This chapter characterizes and selectively reviews past and current
research on memory skills, describes the components and stages of process-
ing that influence memory performance, and discusses current trends and the
implications of memory research for the instruction of children and adults
with LD.
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II. A HISTORICAL PERSPECTIVE

The earliest link between LD and memory was established in the literature
on reading disabilities by Kussmaul. In 1877, Kussmaul called attention to a
disorder he labeled “word blindness,” which was characterized as an inabil-
ity to read, although vision, intellect, and speech were normal. Following
Kussmaul’s contribution, several cases of reading difficulties acquired by
adults due to cerebral lesions, mostly involving the angular gyri of the left
hemisphere, were reported (see Hinshelwood, 1917, for a review). In one
important case study published by Morgan (1896), a 14-year-old boy of
normal intelligence had difficulty recalling letters of the alphabet. He also
had difficulty recalling written words, which seemed to convey “no impres-
sion to this mind.” Interestingly, the child appeared to have good memory
for oral information. This case study was important because word blindness
did not appear to occur as a result of a cerebral lesion. After Morgan’s
description of this condition, designated as a specific reading disability,
research on memory was expanded to include children of normal intelligence
who exhibited difficulties in reading. Hinshelwood’s (1917) classic mono-
graph presents a number of case studies describing reading disabilities in
children of normal intelligence with memory problems. On the basis of
these observations, Hinshelwood inferred that reading problems of these
children were related to a “pathological condition of the visual memory
center” (p. 21).

At the same time Hinshelwood’s monograph appeared, a little-known text
by Bronner (1917) reviewed case studies linking memory difficulties to
children of normal intelligence. For example, consider Case 21:

Henry J., 16 years old, was seen after he had been in court on
several occasions. The mental examination showed that the boy was
quite intelligent and in general capable, but had a very specialized
defect. The striking feature of all the test work with this boy was the
finding that he was far below his age in the matter of rote memory.
When a series of numerals was presented to him auditorially, he
could remember no more than four. His memory span for numerals
presented visually was not much better. .. he succeeded here with
five. Memory span for syllables was likewise poor...On the other
hand when ideas were to be recalled, that is, where memory dealt
with logical material, the results were good. (p. 120)

A majority of case studies reviewed in Bronner’s text suggested that
immediate (short-term) memory of children with reading disabilities was
deficient and that remote (long-term) memory was intact. Bronner also
noted that little about memory and its application to complex learning
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activities was known. For example, the author stated, ‘“very many practic-
ally important laws of memory have not yet been determined; those most
firmly established concern themselves mainly with nonsense or other type of
material quite unlike the activities of everyday life. In a common sense way
we are aware that both immediate and remote memory are essential, that we
need to remember what we see and hear...that to remember an idea is
probably more useful in general, than to have a good memory for rote
material, but a defect for the latter may be of great significance in some
kinds of school work.” (p. 110)

Researchers from the 1920s to the 1950s generally viewed reading difficul-
ties as being associated with structural damage to portions of the brain that
support visual memory (e.g., see Geschwind, 1962, for a review; also see
Monroe, 1932). A contrasting position was provided by Orton (1925, 1937),
who suggested that reading disorders were reflective of a neurological mat-
urational lag resulting from a delayed lateral cerebral dominance for lan-
guage. Orton described the phenomenon of a selective loss or diminished
capacity to remember words as strephosymbolia (twisted symbols). Orton
(1937) noted that “although these children show many more errors of a wide
variety of kinds it is clear that their difficulty is not in hearing and not in
speech mechanism . .. but in recalling words previously heard again or used
in speech, and that one of the outstanding obstacles to such recall is remem-
bering (emphasis added) all of the sounds in their proper order.” (p. 147) In
cases of visual memory, Orton stated that such children with reading dis-
abilities have major difficulties in “recalling the printed word in terms of its
spatial sequence of proper order in space.” (p. 148) Thus, for Orton, reading
disabled children’s memory difficulties were seen as reflecting spatial se-
quences in visual memory or temporal sequences in auditory memory.
Although the conceptual foundation of much of Orton’s research was chal-
lenged in the 1970s (see Vellutino, 1979, for a review), much of the evidence
for linking LD and memory processes was established from the earlier
clinical studies of Morgan, Hinshelwood, and Orton. Today, reading diffi-
culties are viewed primarily as language problems (e.g., Siegel, 2003), and
memory difficulties are popularly conceptualized in terms of language pro-
cesses (Siegel, 2003; Swanson & Siegel, 2001a).

It was not until the late 1960s and early 1970s that experimental (non-
clinical) studies appeared comparing children with LD and nondisabled
(NLD) children’s performance on memory tasks. The majority of these
studies focused on modality-specific memory processes (i.e., auditory vs
visual memory) and cross-modality (e.g., visual recognition of auditorially
presented information) instructional conditions, but they provided conflict-
ing evidence. For example, in the area of visual memory, Conners et al.,
(1969) compared children with LD and normally achieving children on their
abilities to remember numbers presented to them on a dichotic listening task.
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The results of their study were that children with LD did not differ from their
NLD peers in short-term recall. In contrast, Bryan (1972) compared learning
disabled and normally achieving children on a task that required them to
recall a list of words presented by tape recorder and words presented by slide
projector. Learning disabled and comparison samples performed better with
the visual than with the auditory stimuli, but children with LD performed
more poorly than the NLD children under both conditions.

Conflicting results were also found among studies investigating visual
memory information-processing abilities of children with reading disabil-
ities. Goyen and Lyle (1971, 1973) investigated young reading disabled
students’ (children under 8.5 years) recall of critical details of visual stimuli
presented tachistoscopically for various exposure duration intervals. Their
results showed that the students with reading disabilities did not recall as
well as younger and older normal readers. In another study, Guthrie and
Goldberg (1972) compared disabled and skilled readers on several tests
designed to measure visual short-term memory (STM). In contrast to
Goyen and Lyle, they found that the performance of children on visual
memory subtests did not clearly differentiate the ability groups.

Conflicts in findings also emerged in cross-modality research. For
example, Senf and Feshbach (1970) found differences between good and
poor readers’ memory on cross-modality presentation conditions. That is,
students were compared on their recall of digits presented auditorially,
visually, and audio-visually and retrieval responses were verbal or written.
Samples included culturally deprived learning disabled and normal control
readers of elementary and junior high school age. The sample with LD
exhibited poor recall of stimuli organized into audiovisual pairs, which
was attributed to problems of cross-modality matching. Older culturally
deprived and normal children recalled the digits in audiovisual pairs more
accurately than their younger counterparts, whereas older children with LD
recalled no better than younger children with LD. The sample with LD also
exhibited a higher prevalence of visual memory errors. The implication of
this research was that some prerequisite skills of pairing visual and auditory
stimuli had not developed in the children with LD, and the possession of
these skills was essential for reading. In contrast to this study, Denckla and
Rudel (1974) found that poor recall of children with LD was not related to
visual encoding errors, but rather to temporal sequencing. Their results
suggested that children who had difficulties in temporal sequencing would
have difficulty recalling information from spatial tasks or tasks that required
matching of serial and spatial stimuli (as in the Senf & Feshbach, 1970,
study).

To summarize, the studies in the late 1960s and early 1970s, although
contradictory, did establish a foundation for the study of LD in the context
of memory. Children with LD experienced memory difficulties on laboratory
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tasks that required the sequencing of information presented visually and
auditorially. Differences in results were most likely due to variations in how
the ability groups were defined and selected. We now turn to a discussion of
the more recent conceptualizations related to memory problems of children
and adults with LD.

III. CONTEMPORARY RESEARCH

A. Overview

For the last 25 years, the study of memory in the area of LD has been
strongly influenced by the hypothesis that variations in memory perform-
ance are rooted in the children’s acquisition of mnemonic strategies.
Strategies are deliberate, consciously applied procedures that aid in the
storage and subsequent retrieval of information. Most strategy-training
studies that include children with LD can trace their research framework
back to earlier research on metacognition (to be discussed; Flavell, 1979)
and/or research on production deficiencies (Flavell et al., 1966). In this
research, a distinction is made between the concepts of production and
mediational deficiencies. Mediational deficiencies refer to the fact that chil-
dren are unable to utilize a strategy efficiently. For example, young children
may not spontaneously produce a potential mediator to process task re-
quirements, but even if they did, they would fail to use it efficiently to direct
their performance. On the other hand, production deficiencies suggest that
children can be taught efficient strategies that they fail to produce spontan-
eously and that these taught strategies will direct and improve their perform-
ance. The assumption when applied to LD was that the more strategic
information needed for effective memory performance, the more likely the
task will be affected by the cognitive growth in the child.

The preeminence of this strategy hypothesis (various names have been
used, e.g., passive learner) has been virtually synonymous with the study of
memory in children with LD up to the late 1980s. Studies that focused on
memory activities such as clustering, elaboration, and rehearsal were studies
that were primarily motivated by this hypothesis. The emphasis in these
studies was on teaching children with LD under various conditions or with
different types of memory strategies how to remember presented material
(e.g., see Scruggs & Mastroperi, 2000, for a review). In general, carlier
studies showed that children with LD can be taught through direct instruc-
tions (e.g., Gelzheiser, 1984), modeling (e.g., Dawson et al., 1980), and
reinforcement (e.g., Bauer & Peller-Porth, 1990) to use some simple strat-
egies that they do not produce spontaneously (e.g., Dallego & Moely, 1980).
Further, the strategy hypothesis has been generalized into other areas
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besides memory, such as reading comprehension (e.g., Borkowski et al.,
1988; Wong & Jones, 1982), writing (e.g., Graham & Harris, 2003), math-
ematics (e.g., Geary, 2003, for a review; Montague, 1992), and problem
solving (e.g., Borkowski et al., 1989).

In the last few years, memory research has been moving in a different
direction, toward an analysis of nonstrategic processes that are not
necessarily consciously applied. Many of these studies are framed within
Baddeley’s multiple component model (to be discussed; Baddeley & Logie,
1999). The major motivation behind this movement has been that important
aspects of memory performance are often disassociated with changes in
mnemonic strategies. The most striking evidence has come from research
that shows differences between children with and without LD after using
an optimal strategy (a strategy shown advantageous in the majority of
studies). Prior to reviewing the current focus of memory research, however,
an understanding of research conducted in the late 1970s to the early
1990s is necessary. This review will be divided into two parts: (1) studies
that parallel normal child development in memory and (2) studies that
identify memory components in which children or adults with LD are
deficient.

IV. PARALLELS TO NORMAL MEMORY
DEVELOPMENT

There is some agreement among researchers that what we know about the
memory of children with LD is somewhat paralleled by what we know about
the differences between older and younger children’s memory (e.g., Gather-
cole, 1998; Siegel & Ryan, 1989; Swanson, 1999a, b). Such parallels in
performance do not mean that learning disabled children experience a lag
in all memory processes or that faulty memory performance is primarily
related to immature development. Rather, faulty memory performance re-
flects overt performance in some memory areas that is comparable to that of
young children. Therefore, in most studies, memory performance of children
with LD has been likened to that of younger NLD children even though the
mechanisms that underlie learning disabled children’s poor performance
may not be the same as those that underlie the performance of younger
children (De Jong, 1998; Swanson & Sachse-Lee, 2001a, b). The parallels
between learning disabled vs NLD chronologically age-matched children
and research on younger vs older NLD children are apparent in that per-
formance differences: (1) emerge on tasks that require the use of cognitive
strategies (e.g., rehearsal and organization); (2) emerge on effortful memory
tasks, but not on tasks requiring automatic processing; (3) are influenced by
the individual’s knowledge base; and (4) are influenced by the individuals’
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awareness of their own memory processes (metacognition). We briefly
review each of these parallels.

A large body of research suggests that remembering becomes easier in
children with age because control processes become more automatic through
repeated use (e.g., Gathercole, 1998; Pressley, 1994, for a review). Control
processes in memory reflect choices as to which information to scan as well
as choices of what and how to rehearse and/or organize information. Re-
hearsal refers to the conscious repetition of information, either vocally or
subvocally, to enhance recall at a later time. Learning a telephone number or
a street address illustrates the primary purpose of rehearsal. Other control
processes include organization, such as ordering, classifying, or tagging
information to facilitate retrieval, and mediation, such as comparing new
items with information already in memory. Various organizational strategies
studied (e.g., Borkowski et al., 1988; Dallego & Moely, 1980; Krupski et al.,
1993; Lee & Obrzut, 1994) that have been linked to children with LD
include:

1. Chunking: Grouping items so that each one brings to mind a complete
series of items (e.g., grouping words into a sentence).

2. Clustering: Organizing items into categories (e.g., animals, furniture).

Mnemonics: Idiosyncratic methods for organizing information.

4. Coding: Varying the qualitative form of information (e.g., substituting
pictures for words).

(9]

Studies (e.g., Scruggs & Mastropieri, 2000; Swanson, 1989) have also been
directed to procedures to help children with LD mediate information such as:

1. Making use of preexisting associations, thereby eliminating the need for
new ones.

2. Utilizing instructions: asking the student to mediate information verbally
or through imagery, to aid in organization and retrieval.

3. Employing cuing: using verbal and imaginary cues to facilitate recall.

An excellent example of a study to enhance mediation of information
in a learning-disabled student is provided by Mastropieri et al. (1985).
Mastropieri et al. conducted two experiments in which adolescents with
LD recalled the definitions of 14 vocabulary words according to either a
pictorial mnemonic strategy (the “keyword” method) or a traditional in-
structional approach. The keyword method involved constructing an inter-
active visual image of the to-be-associated items. For example, to remember
that the English word carlin means “old woman” via the keyword method,
the learner is directed to the fact that the first part of carlin sounds like the
familiar word car. Then the learner constructs an interactive image that
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relates a car and an old woman, such as an elderly woman driving an old car.
The results of the first experiment (experimenter-generated mnemonic illus-
trations) and the second experiment (student-generated mnemonic images)
indicated that the keyword strategy was substantially more effective than the
traditional approach.

Perhaps one of the most significant studies in terms of bringing research in
memory with learning disabled students into a developmental perspective
was conducted by Tarver et al. (1976). In their first study, they compared
learning disabled children of approximately 8 years of age to normal-
achieving boys on a serial recall task of pictures that included central and
incidental information. They found that the serial position curve of normals
revealed the common primacy—recency effect (remembering the first and last
presented items better than the middle items), whereas the performance of
learning disabled children revealed a recency effect only. In the second study,
they compared learning-disabled boys 10 and 13 years of age on the same
tasks. They found that the 10- and 13-year-old learning disabled children
exhibited both a primacy and recency effect for nonrehearsal and rehearsal
conditions. For both studies, an analysis of central recall (children attend to
specific items based on experimenter instructions) in the three age groups
revealed a constant age-related increase in overall recall and in primacy
(recalling the first few items presented) performance. The normal achievers
recalled more information that was central to the task when compared to
learning disabled children, whereas learning disabled children recalled more
incidental information than did normal achievers. Thus, although learning
disabled children were deficient in selective attention, their selective attention
improved with age. These results were interpreted as reflecting a develop-
mental lag. Learning disabled students were viewed as delayed in their
utilization of the strategies for serial recall (verbal rehearsal) and selective
attention.

Earlier studies that covered some of the same developmental themes as the
Tarver et al. (1976) study were Torgesen and Goldman (1977), in which
they investigated the role of rehearsal on serial and free recall performance;
Swanson (1977), in which he investigated the role of primacy perform-
ance on the nonverbal serial recall of visual information; Bauer (1977), in
which he investigated the role of rehearsal and serial recall; and Wong
(1978), in which she investigated the effect of cued recall and organization
on children with LD. For example, in the Bauer (1977) study, learning
disabled and NLD children were required to free-recall as many words as
possible from lists of monosyllabic nouns. Recall for each serial position
showed that children with LD were deficient in the recall of items early in the
list (primacy), but not recency performance. Primacy performance at that
time was associated with rehearsal (Ornstein & Naus, 1978), as well as
elaborative encoding (e.g., Bauer & Emhert, 1984). In contrast to research
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on primacy performance, studies that examined the recency effect have
found that learning disabled are not unlike NLD youngsters, and that
younger and older children are comparable in performance (e.g., Bauer,
1977; Swanson, 1977; Tarver et al., 1976). It is assumed that recall of the
most recently presented items represents the encoding of information in an
automatic (non-effortful) fashion (i.c., without the benefit of using deliberate
mnemonic strategies; Swanson, 1983a).

The trend found with free-recall tasks in the majority of studies published
in the late 1970s and early 1980s was that ability-group and age-related
differences tend to be limited to items that occur at the beginning and middle
serial positions and thus reflect strategy deficits, such as rehearsal. For
example, when Torgesen and Goldman (1977) studied lip movements of
children during a memorization task, children with LD were found to exhibit
fewer lip movements than did the NLD students. To the extent that these lip
movements reflect the quantity of rehearsal, these data support a rehearsal-
deficiency hypothesis. Haines and Torgesen (1979) and others (e.g., Dawson
et al., 1980; Koorland & Wolking, 1982) also reported that incentives could
be used to increase the amount of rehearsal. Bauer and Emhert (1984) found
that the difference between LD and NLD students is in the quality of the
rehearsal rather than the quantity of rehearsal, per se.

In addition to the ability-group and age-related differences in the use of
rehearsal, differences in the use of organizational strategies were also investi-
gated. Ability-group and age-related differences have suggested that learning
disabled and younger children are less likely to organize or take advantage
of the organizational structure of items (Swanson & Rathgeber, 1986).
Intervention strategies (i.e., directing children to sort or cluster items prior
to recall) have in many cases lessened or eliminated ability-group differences
(e.g., Dallego & Moley, 1980; however, see Gelzheiser et al., 1987; Krupski
et al., 1993). Although learning disabled and younger children tend to
make less use of semantic relationships inherent in the free-recall material
(Swanson, 1986; Swanson & Rathgeber, 1986), when organizational instruc-
tions are provided, both learning disabled and younger children are capable
of using a semantic organizational strategy with some degree of effectiveness
(e.g., Lee & Obrzut, 1994).

Difficulties in categorization that children with LD experience during their
attempts to memorize difficult material were highlighted in an earlier study
by Gelzheiser et al. (1983). These authors recorded a brief statement made by
a student with LD following an attempt to retain a passage containing four
paragraphs about diamonds. The student reported that she could identify
major themes of the story, but could not categorize the various pieces of
information under major topics. She was able to abstract the essence of the
story, but was unable to use her knowledge as a framework to organize the
retention of the specific passage. This research suggests that students with
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LD may be capable of abstracting categories of words from serially pre-
sented lists of words, but they may not be able to chunk (i.e., categorize
together) these words for use at later retrieval.

Cermak (1983) presented evidence to support this thesis in a study in
which learning disabled and NLD children were asked to learn a list of 20
common nouns in five trials. The children were told to rehearse the words
aloud during each trial. At the conclusion of each trial, they were asked to
recall as many of the words as they could. Three types of word lists were
used: a random list of unrelated words, a list containing five words from each
of four categories randomly distributed within the list, and a list containing
five words from each of four categories with the words presented in category
blocks. The students with LD recalled fewer words than did NLD students
following all types of presentation.

Swanson (1983b) arrived at a similar conclusion when he found that
children with LD rarely reported the use of an organizational strategy
when they were required to rehearse several items. He reasoned that because
these children were capable of rehearsal, the problem was not an inability to
rehearse, but instead a failure to perform elaborative processing of each
word. Elaborative processing was defined as the processing that goes beyond
the initial level of analysis to include more sophisticated features of the
words and ultimately the comparison of these features with others in the list.

The research of the early 1970s to the late 1980s also suggested that a
distinction can be made between the development of memory processes that
are dependent upon overt conscious “‘effort”” and those that are not (e.g.,
Ceci, 1984; Swanson, 1984a). Memory that results only after some conscious
intent to remember is said to be effortful; that which occurs without intent or
effort is considered to be automatic (e.g., Guttentag, 1984; Miller et al.,
1991). Effortful memory is assumed to be dependent upon the development
of an available store of “cognitive resources.” Thus, differences in memory
performance between ability groups (learning disabled vs NLD) and age
groups are presumed to be dependent upon effortful memory, or memory
that is due to individual differences in the amount of cognitive resources
available (e.g., Howe et al., 1989; Swanson et al., 1996). In contrast, auto-
matic memory is assumed to be comparable between ability groups
(e.g., Ceci, 1984). The empirical evidence for this effortful-automatic dis-
tinction has emerged with respect to the presence or absence of individual
differences across ages in measures of memory functioning (e.g., Harnishfe-
ger & Bjorklund, 1994; Miller & Seier, 1994). The research on memory
of children with LD directly parallels memory development in the area
of effortful processing. For example, it has been shown that normally
achieving children below the age of 9 years and children with LD perform
quite poorly relative to older children or age-related counterparts on
tasks such as free recall (e.g., Guttentag, 1984). Older children and NLD
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age-related counterparts have been found to utilize deliberate mnemonic
strategies to remember information (e.g., see Pressley, 1994, for a review).
An example of studies that suggest high-effort demands underlie ability
group differences can be found when comparing LD and NLD children on
verbal tasks (Swanson, 1984a). Swanson (1984a) conducted three experi-
ments related to performance of students with LD on a word recall task, and
found that recall is related to the amount of cognitive effort or the mental
input that a limited-capacity system expends to produce a response. He
found that readers with LD were inferior to NLD readers in their recall of
materials that made high-effort demands. Furthermore, skilled readers ac-
cessed more usable information from semantic memory for enhancing recall
than did learning disabled readers. In a subsequent study, Swanson (1986)
found that disabled children were inferior in the quantity and internal
coherence of information stored in semantic memory, as well as in the
means by which it is accessed.

Another important parallel between LD research and age-related normal
memory development comes from studies that focus on children’s knowledge
about the world (see Bjorklund ez al., 1992; Kee, 1994, for reviews). For
example, familiarity with words, objects, and events permits people to inte-
grate new information with what they already know (e.g., see Ericsson &
Delaney, 1999; Ericsson & Kintsch, 1995, for a review). One way in which a
knowledge base may affect memory performance is through its influence on
the efficiency of mental operations performed upon the to-be-memorized
items. Several authors (e.g., Bjorklund ef al., 1994) have suggested that, in
some situations, an individual’s knowledge base may mediate strategy use;
that is, organizational and rehearsal strategies may be executed more spon-
taneously and efficiently contingent upon an individual’s knowledge base.
Indirect support for this view was provided by Torgesen and Houch (1980).
Learning disabled students with severe STM problems, learning disabled
youngsters with normal STM, and normal children were compared for their
recall of material scaled for familiarity. Their results indicate that children
who learn normally and children with LD who have no STM problems gained
an advantage in recall as their familiarity with the items increased; that is,
recall differences were reduced with less familiar material. This finding sug-
gests that an individual’s knowledge base (i.e., an individual’s familiarity with
material) influences the development or utilization of memory processes (also
see Torgesen et al., 1991, for an update on these findings).

Another important link between LD memory research and age-related
research is the focus on children’s thinking about cognitive strategies.
Earlier, Brown (1975), summarized this development as “knowing how to
know” and “knowing about knowing.” Developmental improvement in
remembering and the advantage accrued by NLD children is associated
with the use of rehearsal, organization, and elaboration strategies to
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facilitate encoding and retrieval. Research (e.g., see Borkowski et al., 1990;
Borkowski & Muthukrishna, 1992; Hasselhorn, 1992) has focused on how
and to what degree the effective use of effortful processes (e.g., cognitive
strategies) relates to metacognition. Metacognition refers to knowledge of
general cognitive strategies (e.g., rehearsal); awareness of one’s own cogni-
tive processes; the monitoring, evaluating, and regulating of those processes;
and beliefs about factors that affect cognitive activities (see Pressley, 1994;
Wong et al., 2003). Differences in metacognition have been proposed as
one source of individual differences in intelligence and memory (Brown &
Campione, 1981; Borkowski & Muthukrishna, 1992). Comparisons of vari-
ous groups of children (e.g., normal, mentally retarded, disabled) have
revealed substantial differences in metacognitive knowledge, at least about
memory and the memorial processes (see Campione et al., 1982; Male, 1996,
for a review). At present, what we know from the literature is that children
between 4 and 12 years of age become progressively more aware of
the person, task, and strategy variables that influence remembering (e.g.,
Pressley, 1994). Wong (1982) compared children with LD, normally achiev-
ing, and gifted children in their recall of prose. Her results indicated that
when compared with the normal and gifted children, children with LD
lacked self-checking skills and were less exhaustive in their selective search
of retrieval cues. These results suggest that learning disabled children were
less aware of efficient strategies related to prose recall.

As reviewed, there are some parallels between the performance of younger
children and those of older children with LD. The performance of children
with LD may reflect deficits and/or immature development. We will next
turn our attention to the components and stages of processing that may
underlie some of the memory problems of children with LD.

V. COMPONENTS AND STAGES OF INFORMATION
PROCESSING

The majority of memory research, whether of developmental and/or instruc-
tional interest, draws from the information-processing literature, because this
is the most influential model in cognitive psychology to date (see Anderson,
1990; Baddeley & Logie, 1999; Miyake, 2001; for a review). The central
assumptions of the information-processing model are: (1) a number of oper-
ations and processing stages occur between a stimulus and a response, (2) the
stimulus presentation initiates a sequence of stages, (3) each stage operates
on the information available to it, (4) these operations transform the infor-
mation in some manner, and (5) this new information is the input to the
succeeding stage. In sum, the information-processing approach focuses on
how input is transformed, reduced, elaborated, stored, retrieved, and used.
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One popular means of explaining learning disabled students’ cognitive
performance is by drawing upon fundamental constructs that are inherent in
most models of information processing. Three constructs are fundamental:
(1) a constraint or structural component, akin to the hardware of a com-
puter, which defines the parameters within which information can be pro-
cessed at a particular stage (e.g., sensory storage, STM, working memory,
long-term memory); (2) a strategy component, akin to the software of a
computer system, which describes the operations of the various stages; and
(3) an executive component, by which learners’ activities (e.g., strategies) are
overseen and monitored.

This multistore model views information as flowing through component
stores in a well-regulated fashion, progressing from the sensory register, to
STM, and finally to long-term memory. These stores can be differentiated in
children’s functioning by realizing that (1) STM has a limited capacity, and
thus makes use of rehearsal and organizing mechanisms; (2) storage in long-
term memory is mostly semantic; and (3) two critical determinants of forget-
ting in long-term memory are item displacement and interference, possibly
as a result of a lack of retrieval strategy.

Briefly, the structural components are sensory, short-term, working, and
long-term memory. Sensory memory refers to the initial representation of
information that is available for processing for a maximum of 3 to 5 seconds;
STM processes information between 3 and 7 seconds and is primarily
concerned with storage, via rehearsal processes. Working memory also
focuses on the storage of information as well as the active interpretation of
newly presented information plus information from long-term memory,
whereas long-term memory is a permanent storage with unlimited capacity.
The executive component monitors and coordinates the functioning of the
entire system. Some of this monitoring may be automatic, with little aware-
ness on the individual’s part, whereas other types of monitoring require
effortful and conscious processing. These components will become clearer
later when we discuss current research findings.

A. Sensory Register

Basic structural environmental information (e.g., visual auditory) is assumed
first to enter the appropriate sensory register. Information in this initial store
is thought to be a relatively complete copy of the physical stimulus that is
available for further processing for a maximum of 3 to 5 seconds. An
example of sensory registration for the visual modality is an image or icon.
In a reading task, if an array of letters is presented on a computer screen
and the child is then asked to press the appropriate key of the letters after a
30-sec delay between instructions, the child can correctly reproduce about
six or seven letters. Incoming information from other modalities (auditory,
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kinesthetic) receives sensory registration, but less is known about their
representation. For example, students who are presented a letter of the
alphabet may produce a photographic trace that decays quickly, or they
may physically scan the letter and transfer the information into an auditory
(e.g., echo of sound) visual-linguistic (meaning) representation. In other
words, information presented visually may be recorded into other modalities
(e.g., the transfer of a visual image to the auditory—visual-linguistic store).
In the reading process, each letter or word is scanned against information in
long-term memory and the verbal name. This representation will facilitate
transfer of information from the sensory register to a higher level of infor-
mation processing. A common paradigm used to assess the processing of
sensory information is recognition. The participant is asked to determine
whether information that was presented briefly (i.e., millisecond) had oc-
curred. The task may be simply “yes” or “no” to individual items, or may
require selecting among a set of items. Common dependent measures are
correct detection and response time (Rt’s).

In general, research on the sensory register of children with LD suggests it
is somewhat intact (see Aaron, 1993; Eden et al., 1995; Lorsbach et al., 1992;
Santiago & Matos, 1994, for review). For example, Elbert (1984) has pro-
vided evidence that LD and non-learning disabled (NLD) students are
comparable at the encoding stage of word recognition, but that children
with LD require more time to conduct a memory search (see also Manis,
1985; Mazer et al., 1983). Additional evidence that LD and NLD children
are comparable at the recognition stage of information processing was
provided by Lehman and Brady (1982). Using a release from proactive
inhibition procedure (see Dempster & Cooney, 1982), Lehman and Brady
found that reading-disabled and normal readers were comparable in their
ability to encode word information (e.g., indicating whether a word was
heard or seen and information concerning a word’s category). However,
reading-disabled children relied on smaller subword components in the
decoding process than did normal readers.

Many accounts of poor recognition of quickly presented information by
LD students has been attributed to attention deficits (see Hallahan & Reeve,
1980, for review)—although this conclusion has been questioned (see
Samuels, 1987). For example, using a psychological technique free of
memory confounds, Mclntyre et al. (1978) reported a lower-than-normal
span of attention in students identified as LD. Mazer et al. (1983) attributed
the lower span of attention to a slower rate of information pickup from the
sensory store. Despite the common assumption of differences between LD
and NLD children in attention to visual and auditory stimulus, an earlier
study by Bauer (1979a) argued that the attentional resources of the children
with LD are adequate for performance on a variety of memory tasks. In
other words, the residual differences are not great enough to account for the
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differences in memory performance. For example, LD and NLD children
are comparable in their ability to recall orally presented sets of three letters
or three words within 4 sec after presentation (Bauer, 1979a). Similarly, LD
and NLD students are comparable in their ability to recognize letters and
geometric shapes after a brief visual presentation when recognition is less
than 300 msec after stimulus offset (Morrison et al., 1977). In view of these
findings, the retrieval of information from sensory storage is an important,
although not a major, factor in the memory deficits exhibited in LD students
(see Willows et al., 1993, for a review).

B. Short-Term Memory

From the sensory register, information is transferred into the limited cap-
acity STM. Short-term memories are retained as auditory—verbal linguistic
representations (Atkinson & Shiffrin, 1968; Baddeley, 1986). Information
lost in this memory is assumed to decay or disappear, but actual time of
decay is longer than in the sensory register. Exact rate of decay of infor-
mation cannot be estimated, because this component of memory is con-
trolled by the subject. Using the example of a child recalling letters, the child
may rehearse the letters by subvocally repeating them over and over. This is
a control process that helps keep the letters in STM until either they are
transferred to long-term memory or the information decays.

The primary measures used to assess STM are recall tasks that measure free
recall or serial recall of items such as numbers, shapes, or words. Free recall
tasks are those in which the subject recalls stimuli without regard to order
immediately after auditory or visual presentation. In contrast, serial recall
tasks require the subject to recall stimuli in the exact order in which they are
presented. Variations of these tasks include probe recall and cued recall. In
probe recall, the subject must recall particular elements within a sequence of
stimuli; whereas, in cued recall, the subject is given a portion of previously
presented stimuli asked to reproduce the remainder of the items. This measure
has been employed to determine the extent to which recall may be prompted
by appropriate cues, thus highlighting the difference between item accessibil-
ity (i.e., processing efficiency) and item availability (i.e., storage).

One major source of difficulty related to STM processing has been attrib-
uted to LD children’s lack or inefficient use of a phonological code (sound
representation within the child’s mind). Hulme (1992) has reviewed several
studies of subjects who performed in the retarded range of verbatim recall on
sequences of verbal information. His analysis of the literature on LD stu-
dents’ memory performance deficits suggests that they represent the phono-
logical features of language (also see Siegel, 2003). He suggests that LD
children’s memory problems relate to the acquisition of fluent word identifi-
cation and word analysis skills.
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Support for the notion of phonological coding errors comes from studies
suggesting that good and poor readers differ in the extent to which they
recall similar- and dissimilar-sounding names (Stanovich & Siegel, 1994).
Several researchers have found that good and poor readers differ in the way
they access phonological information in memory (see Siegel, 2003, for a
review). An earlier seminal study by Shankweiler et al. (1979) compared
the ability of superior, marginal, and poor second grade readers to recall
rhyming and nonrhyming letter strings. The superior readers were found to
have a greater deal of difficulty recalling the rhyming letter strings than the
nonrhyming strings. Poor readers, however, appeared to perform compar-
ably on rhyming and nonrhyming tasks. The authors suggested that the
phonological confuseability created by the rhyming letters interfered with
good readers’ recall because these readers relied on phonological informa-
tion to a greater degree than did poor readers.

Thus, an interaction is usually found in which poor readers perform better
on ‘“rhyming-word and similar letter-sounding tasks” because they have
poor access to a phonological code (e.g., Shankweiler et al., 1979; Siegel &
Linder, 1984). That is, good readers recall more information for words or
letters that have distinct sounds (e.g., mat vs book, A vs F) than words
or letters that sound alike (mat vs cat, b vs d). In contrast, poor readers are
more comparable in their recall of similar and dissimilar words or sounds
than skilled readers. This finding suggests that good readers are disrupted
when words or sounds are alike because they process information in terms of
sound (phonological) units. In contrast, poor readers are not efficient in
processing information into sound units (phonological codes) and, therefore,
are not disrupted in performance if words or letters sound alike.

In a study by Johnson ez al. (1987), 8- and 11-year-old good and poor
readers of average and below-average intelligence were compared on their
ability to recall strings of similar and dissimilar sounding letters. When a
control was made of differences in memory span between ability groups,
high- and low-1Q poor readers were comparable with their chronological age
(CA) and reading-level matched controls in similarity effects; i.e., the study
did not directly support the contention that difficulties in immediate memory
are primarily due to difficulty with phonological coding. Some other con-
trasting studies (e.g., Sipe & Engle, 1986) have suggested that poor readers
may be adequate in phonological coding, but show a fast decline in their
ability to recall as the retention interval (time between item presentation and
recall) is increased. Hall ez al. (1983) also did not find consistent differences
between good and poor readers on serial letter recall task. The author
suggested that this task was more difficult for poor readers because it
obscured phonological similarity effects, suggesting that the actual differ-
ences in access or use of phonological information in memory may be
comparable between ability groups. Unfortunately, small sample sizes,
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differing degrees of task difficulty, and sampling differences make compari-
sons difficult across these studies.

Although information in STM can be represented in sound (phonological)
units, it can also be represented semantically (Shulman, 1971). Research in
the area of semantic coding (attaching meaning to information) appears
more mixed than in the area of phonological processing. Waller (1976)
suggested that both reading disabled and NLD children rely on semantic
information for retention, but the disabled children appeared to rely on this
type of memory to an even greater degree than do NLD subjects (also see
Siegel, 1993). However, other studies have found semantic coding deficits in
learning disabled children (e.g., Ceci et al., 1980; Swanson, 1984a; Vellutino
et al., 1995). Dallego and Moely (1980) found that poor readers performed
similarly to their peers on a free recall task when items were semantically
cued. Dallego and Moely concluded that reading disabled subjects could use
semantic cues in recalling information, but they had difficulty in the deliber-
ate use of such strategies. In other words, learning disabled children were
able to make use of semantic information, but did not take advantage of the
semantic properties of information initially.

Perhaps the issue regarding whether phonological and semantic coding
underlies STM deficits in learning-disabled children has to do with when and
where the deficit in the memory system occurs. Some researchers embraced
the notion that there are dual storages of memory and they have suggested
that storage differs with regard to type of information coded (Conrad, 1964;
Baddeley, 1976), with the phonological code utilized in short-term memory
and a semantic code in long-term memory. Evidence of a phonological code
use in long-term memory (Gruneberg & Sykes, 1969) and semantic infor-
mation use in short-term memory (Shulman, 1971), however, suggests that
simplistic views of short-term memory are unlikely. Some researchers argued
for a connectionist model of information processing, whereby learning and
memory occur over repeated associations (i.e., strength of activations) rather
than in stages or storage compartments (Seidenberg, 1989). Such an acti-
vation model suggests that the focus on STM or long-term memory (LTM)
storage is not as important as a memory system based on the strength of
associations, whereby associations are built on phonetically, semantically,
and/or visual-spatial information. Unfortunately, research on the inter-
action of phonological and semantic processes with reading disabled indi-
viduals is scarce (Swanson, 1984b; Waterman & Lewandowski, 1993).

Meta-Analysis. Because STM is clearly the most widely researched area
related to the cognitive processing problems of students with LD, a compre-
hensive meta-analysis (quantitative synthesis) was conducted comparing the
performance of LD and NLD students on STM tasks (O’Shaughnessy &
Swanson, 1998). The analysis covered articles published during a 20-year
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period. To be included in the analysis, each study must meet the following
criteria: (1) It must directly compare learning disabled readers with average
readers, as identified on a standardized reading measure, on at least one
short-term measure; (2) it must report standardized reading scores which
indicate that learning disabled students are at least 1 year below grade level,
and (3) it must report intelligence scores for learning disabled students which
are in the average range (85 to 115). Although the search resulted in
approximately 155 articles on immediate memory and LD, only 38 studies
met the criteria for inclusion (24.5%). Effect sizes (ESs) were computed for
each experiment; effect size (ES) was defined as the mean memory score of
the learning disabled group minus the mean memory score of the NLD
group divided by the pooled standard deviation of both groups and then
corrected for sample size. Negative values for ES represent poorer im-
mediate memory performance in the learning disabled group. The interpret-
ation of ES is similar to a z-score if one assumes the data are normally
distributed. For comparisons, an ES magnitude of 0.20, in absolute value,
is considered small, 0.50 is moderate, and 0.80 is considered a large ES
(Cohen, 1988).

Based on a review of the studies included in this analysis, two broad
categories were developed to organize the results: studies that use (1) verbal
stimuli and/or (2) nonverbal stimuli. In addition, the following subcategories
were developed to organize each of the broad categories: free recall and
serial recall memory tasks, with and without instruction in mnemonic strat-
egies, auditory and visual presentation, and age (7-8 years, 9-11 years, 12—
13 years, 1417 years, and 18 years and older). The analysis of each category/
subcategory was performed separately, but in each case the same analytic
method was used. The average sample size per study was 36 (range 8 to 66; n
= 1354) for students with LD, and 42 (range 8 to 88; n = 1600) for average
students. Within the learning disabled group of subjects, the average age was
11 years with 240 females and 894 males. Within the NLD group, the
average age was 11 with 382 females and 949 males. The majority of studies
involved 4th, 5th, and 6th grade students.

The important findings of the synthesis were as follows:

1. The learning disabled group performed poorly on tasks requiring mem-
orization of verbal information in comparison to the NLD group. More
specifically, verbal memory tasks yielded an overall mean ES of —0.68,
which indicates that 75.17% of students in the average reading group
performed above the mean of the reading disabled group.

2. Memory tasks that employed stimuli that could not easily be named, such
as abstract shapes, did not produce large differences between good and
poor readers (ES = —0.15). In this case, only 55.96% of the NLD group
performed above the mean of the learning disabled group.
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3. Memory tasks requiring learning disabled readers to recall exact se-
quences of verbal stimuli, such as words or digits, immediately after a
series was presented yielded a much greater overall mean ES (ES =
—0.80) than nonverbal serial recall tasks (ES = —0.17). Thus, reading-
disabled students’ serial recall performance with verbal material was over
three-quarters of a standard deviation below that of average readers
compared to their memory performance with nonverbal stimuli, which
was less than one-quarter of a standard deviation below that of average
readers.

4. The overall mean ES for studies which provided instructions in mne-
monic strategies (e.g., rehearsal and sorting items into groups) prior to
recall and used verbal stimuli is —0.54; whereas, the overall mean ES for
studies using verbal stimuli, but not providing instructions to students
about how to use mnemonic strategies, is —0.71. This indicates that
although the memory performance of students who are reading disabled
improved with training in mnemonic strategies, the memory performance
of 70.5% of average readers is still above the mean of the reading disabled
group.

5. Memory tasks that involved the auditory presentation of verbal stimuli
resulted in an overall mean ES of —0.70, while those that involved a
visual presentation of verbal stimuli resulted in an overall mean ES of
—0.66. In terms of percentiles, 75.8 and 74.5% of normally achieving
students scored above the mean of the reading disabled group, respect-
ively. Thus, the inferior verbal memory performance of reading disabled
students appears unrelated to the modality in which a stimulus is re-
ceived.

6. Memory tasks that involved the visual presentation of nonverbal stimuli,
such as abstract shapes, resulted in an overall mean ES of —0.15. This can
be interpreted as a small difference between the average and learning
disabled reading groups.

In summary, this quantitative analysis of the literature indicates that
children and adults with LD are inferior to their counterparts on measures
of STM. Most critically, students with LD are at a distinct disadvantage
compared to their normal-achieving peers when they are required to mem-
orize verbal information. Students with LD have difficulty remembering
familiar items such as letters, words, and numbers, and unfamiliar items
such as abstract shapes that can be named. A brief description of two of the
individual studies supporting this conclusion follows.

Bauer and Peller-Porth (1990) investigated the effects of incentive on
verbal free recall performance. Children with and without LD were matched
on age, gender, 1Q, and race. The mean age of participants was 9.87 years.
Children were classified as learning disabled based on a discrepancy between
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expected and actual academic achievement (i.e., in spite of normal IQs,
children with LD were 2 to 3 years behind their expected reading grade
level). The stimuli and procedure used were similar to those already de-
scribed in Bauer (1979b); however, 4 to 5 days after participating in a first
free recall session, the same children were tested again on immediate free
recall with incentives. Although incentives improved the recall of both
groups to a similar degree, overall recall was significantly higher by students
without LD than by students with LD (ES = —1.01). In addition, the
learning disabled group displayed lower recall of the first few words which,
again, suggests deficient memorization strategies, such as rehearsal. In con-
trast, recall of the last few words was similar between disabled and NLD
children, indicating that attention and immediate memory are comparable.

Siegel and Linder (1984) compared the STM performance of 45 children
with a learning disability in reading and 89 children who were normally
achieving in school. The children, aged 7 to 13 years, were administered
several verbal serial recall tasks involving visual or auditory presentation of
rhyming and nonrhyming letters. In this study, reading disability was de-
fined as a Wide Range Achievement Test reading score below the 21st
percentile. The mean reading percentile for the normally achieving children
was 74.9, that is, in the average range. In addition, to be included in the
study, a child had to achieve a Peabody Picture Vocabulary Test (PPVT)
score of at least 80. The results of this study indicated that the youngest
children (7 to 8 years) with a reading disability did not show any difference
between recall of nonrhyming letters (e.g., H, K, L, Q) and rhyming letters
(e.g., B, C, D, G), whereas, the normally achieving children of the same age
found the rhyming items more difficult to remember than the nonrhyming
ones. It was postulated that the poorer performance by normally achieving
children is due to their use of a speech-based coding system in STM that
presents greater difficulty with similar than nonsimilar sounds. In contrast,
the older reading disabled children (9 to 13 years), similar to their normally
achieving peers, exhibited significantly poorer recall of rhyming than non-
rhyming letters. The authors concluded that a deficiency in phonological
coding may characterize younger children with LD; whereas older children
with LD appear to be using a speech-based coding system but have a more
general deficit in STM. The ESs for this study were collapsed across age
groups because data were not available to calculate separate ESs for each
group. The overall mean ES for this study was —1.50 (range —1.22 to —1.84),
indicating that overall the children with LD displayed inferior memory
performances on verbal serial recall tasks compared to their normally
achieving counterparts.

Summary. The most important conclusion to be drawn from the litera-
ture review on STM is that learning disabled readers, as a group, are
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distinctly disadvantaged compared to their peers who are average readers
when they are required to memorize verbal information. Students who are
learning disabled in reading have difficulty remembering familiar items such
as letters, words, and numbers and unfamiliar items that can easily be named
and stored phonetically in memory. Moreover, when a task demands that
verbal information be recalled in sequential order, the memory performance
of students with LD declines even further. Because skillful reading involves
processing ordered information (i.e., words are written from left to right and
composed of specific sequences of letters), it seems likely that memory
deficits could play a role in reading disabilities. For example, beginning
readers must obtain the sounds of words from their written representations.
These print-to-sound codes must be stored in memory in order and then
blended together, while simultaneously searching LTM for a word that
matches the string of sounds. Because low verbal materials (e.g., geometric
shapes) produce small differences between skilled and learning-disabled
readers in recall, the memory deficits of LD readers do not appear to involve
general memory ability.

C. Long-Term Memory

The amount of information as well as the form of information transferred to
LTM is primarily a function of control processes (e.g., rehearsal). LTM is a
permanent storage of information of unlimited capacity. How information is
stored is determined by the uses of links, associations, and general organiza-
tional plans. Information stored in LTM is primarily semantic. Forgetting
occurs because of item decay (loss of information) or interference.

In comparison to the volume of research on STM processes, research on
LD children’s LTM is meager; however, the available research provides
considerable support for the assertion that storage and retrieval problems
are primary sources of individual differences in LTM performance (e.g.,
Swanson & Sachse-Lee, 2001b). Concerning retrieving information from
LTM, children with LD can use organized strategies for selecting retrieval
cues (Wong, 1982) and different word attributes (e.g., graphophonic, syn-
tactic, semantic) to guide retrieval (Blumenthal, 1980); however, they appear
to select less efficient strategies, conduct a less exhaustive search for retrieval
cues, and lack self-checking skills in the selection of retrieval cues (Wong,
1982). Swanson (1984b, 1987) also provided evidence suggesting that LTM
deficits may arise from failure to integrate visual and verbal memory traces
of visually presented stimuli at the time of storage or retrieval. His findings
suggested that semantic memory limitations underlie LD children’s failure to
integrate verbal and visual codes. Ceci et al. (1980) presented data that
suggested separate pathways for auditory and visual inputs to the semantic
memory system and that children with LD may have impairment in one or
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both of these pathways. For children with visual and auditory impairments,
the recall deficit arises in both storage and retrieval. When only one modality
is impaired, the LTM deficit is hypothesized to arise at the time of storage.
Furthermore, semantic orienting tasks were found to ameliorate the recall
deficits of the children with single modality impairments but not those
with impairments in both visual and verbal modalities (Ceci et al., 1980;
Experiment 2).

Some earlier reviews (e.g., see Worden, 1986) have suggested that LD
children’s LTM is intact, but the strategies necessary to gain access to this
information are impaired. This notion has been challenged, and evidence
suggests that LD children’s LTM for tasks that require semantic processing
is clearly deficient when compared with that of NLD peers (Howe et al.,
1989; Swanson et al., 1996). For example, Brainerd and his colleagues
undertook a series of analyses to investigate the development of LTM
processes in children with LD and normally achieving children (see Brainerd
& Reyna, 1991, for a review). For example, Howe ef al. (1989) reported that
NLD children exhibited better recall when the to-be-remembered items
belonged to taxonomic categories than when the to-be-remembered items
are unrelated. However, recall by children with LD was not greatly enhanced
when the to-be-remembered items are taxonomically related. Both learning-
disabled and NLD children exhibit better cued recall relative to free recall.
Although children with LD appear to derive some benefit from cued recall
procedures, it is not nearly as great as that exhibited by NLD children.
Additional experiments reported in Brainerd ez al. (1990) indicate that
children with LD exhibit higher rates of storage failure than do NLD
children, regardless of whether the to-be-learned information is taxonomic-
ally related or not.

In a review of several studies, Brainerd and Reyna (1991) suggest that
children with LD (1) may have generalized cognitive difficulties and (2) that
cognitive difficulties are larger on the acquisition side of the learning process
than on the forgetting side. That is, children with LD have more difficulty
establishing new memory traces relative to retaining memory traces once
they have been acquired. An important implication of this work is that
although much of the difference between children with LD and NLD chil-
dren in learning declarative information can be ameliorated, children with
LD exhibit slightly higher rates of forgetting (via storage failure). Procedures
for mitigating storage failure remain the subject of future research (see
Swanson, 2000, for a study on this issue).

Taken as a whole, the results reviewed here suggest that the processes
involved in entering a memory trace into the long-term store are important
sources of ability group differences in children’s long-term recall. Research
to discover methods for remediating these deficits is certainly warranted.
More direct research linking deficits in memory performance to mechanism
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in LTM is provided in the section on research on working memory (WM).
Working memory is considered an activ