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Learning Disabilities

G. Reid Lyon

Abstract

Approximately 5% of all public school students are identfied as having a learning dis-
abilicv (LD). LD is not a single disorder, but includes disabilities in any of seven arcas
related to reading, language, and mathematics. These separate types of learning dis-
abilives frequenthy co-occur with one another and with social skill deficits and cmo-
tional or behavioral disorders. Most of the available information concerning learning
disabilities relates to reading disabilities, and the majority of children with learning dis-
ahilives have their primay deficits in busic reading skills.

Animportant part of the definition of LD is its exclusions: learming disabilitics cannot
be attributed primarilv to mental retardation, emotional disturbance. cubuiral diiter-
ence. or disacdhvanuige. Thus, the concept of LD focuses on the notion of a duarinncy
berween a child’s academic achicvement and s or her apparent capaciy to learn.

Recent rescarch indicates, however, that disabiluy in basic reading skills is primanly
cansed by deticits in phonological awarceness, which is independent of any achieve-
mentcapacity discrepuncy. Deficits in phonological awareness can be identified in late
kindergarten and first grade using inexpensive, straightforward testing protocol.
Interventions have varving effecuvencess, depending largely on the severity of the indi-
viddual child's disabiliw:

The prevalence of lenmmz disabilin idenification has mereased drumaticalty mthe
pret 20 vears. The “real” prevalence of LD s subject 1o much dispute because ot the
Lick ot an agreed-upon definiton of LD with objecinve idenalication eritern. Some
rescarnhers have argned that the currentdy recognized 3% prevalence nue is intlated:
atirers argue that LD s sdll underidenuied. Tu fact, it appears that there are both
sound and unsound reasons for the increase indennficaton rates.

Sound reasons for the increase include better rescarch, a broader definttion of dis-
abilinvin reading. focusing on phanologieal awareness. and greater identification of
wuls with learning disabidites. Unsound reasons tor the incrense include broad and
viarue definitions of learning disabilny, financial mcentives to wdentily students for spe-
cial cducanon, and inadeqiate preparation of weachers by colleges of education, lead-
iny ro overteterral of students wahvany vpe of special need.

There is no cear demarcanon bheraeen stndents with nonnal reading abilities and
these withe mild reading disahiline: The majorit of children with reading dizabilities
have peiativel mild reading disahiludes, with asnadler nomber having exueme read-
e disabilines The longer children sadh disabiline in basic reading skibls, at any evel
ot <cererity, go without wdennficauon and intenenton. the more ditficult the tsk of
remeszatiog aned the lower the mte of snceess.

Chillven with extreme deficits m busic reading skills are much more difficult o reme-

draie ten children with mild or moderie deficis. It is unclear whether children in

the ot sovere nnge cut achiese ages and grade-approximate reading skills, coen

with prorsrl wnethgence andswith intense, informed intenvention provided over o Preo
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tracted period of ime. Children with severe learning disabilites are likelv to manifest
an increased number of and increased severity of social and behavioral deficits. When
children with disabilities in reading also manifest attention deficit disorder. their read-
ing deficits are typically exacerbated, more severe, and more resistant to intervention.

While severe reading disorders are clearly a major concern, even mild deficits in read-
ing skills are likely to portend significant difficulties in academic learning. These
deficits, too, are worthy of early identification and intervention. Even children with rel-
ativelv subte linguistic and reading deficits require the experuse of a teacher who is
well trained and informed about the relationships between language development
and rcading development. Unfortunately, such teachers are in short supply, pnmanly
because of a lack of professional certification programs providing this training.

This article focuses primarily on deficits in basic reading skills, both because of their
critical importance to academic success and because relatively more is known about
these deficiencies. However, other academic, social, and behavioral manifestations of
learning disability are also important and cannot be assumed to be adequately
addressed by programs to improve basic reading skills. While early intervention is nec-
essary, it should not be assumed (o be sufficient to address the multiple manifestations
of learning disabiliry.

A pproximately one-half of all children receiving special educadon

X\ services nationally, or about 5% of the total public school popula-
-4 _a uon, are idcntified as having a learning disability (LD) when the fed-
eral definiuon of LD is used by schools to formulate identification criteria.!
At the same ume, LD remains one of the least understood and most debat-
ed disabling conditions that affect children. Indeed, the field continues to
be beset by pervasive, and occasionally contentious, disagreements about
the definiton of the disorder, diagnostic criteria, assessment pracuces, treat-
ment procedures, and educational policies.?0

Learning disability is not a single disorder, but is a general category
of special education composed of disabilities in any of seven specific areas:
(1) receptive language (listening), (2) expressive language (speaking),
(3) basic reading skills, (4) reading comprehension, (5) written expres-
sion, (6) mathematics calculation, and (7) mathematical reasoning. These
separate types of learning disabilities frequently co-occur with one another
and also with certain social skill deficits and emotonal or behavioral disor-
ders such as attention deficit disorder. LD is not synonymous with reading
disability or dyslexia-although it is frequently mminterpreted as such.”8
However, most of the available information concerning learning disabilities
relates to reading disabilities, and the majority of children with LD have
their primary deficits in reading.?

Box 1 shows the statutory definition of learning disabilities contained in
the Individuals with Disabilites Educaton Act (IDEA). An important part of
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Box 1

R T L T T I T 2 T LT AT AR LS $5amp A0 v o g g

0 ] §
! Definition of Learning Disability Under '
the Individuals with Disabilities Education Act

;

1

! “Specific learning disability” means a disorder in onc or more basic psycholngical processes

§ involved in understanding or in using language, spoken or written, that may manifest itsclf

i in an imperfect ability to listen, speak, read, write, spell. or to do mathemadical calculations.

! The term includes such conditions as perceptual disabilities, brain injury, minimal brain

I dysfunction, dyvslexia, and developmental aphasia. The term does not apply to children

'+ who have learning problems that are primarily the result of visual, hearing. or

,J motor disabilites, of mentl retardaton, of emotonal disturbance, or of environimental,
cultural, or economic disadvantage. ‘

1
W T - ¥
; Sowce: Code of Feaeral Regulations, Title 34, Subtitie 8. Chapter ill, Sechon 300.7(b)(10).
!

TR e T T L D T KT Ly L A i U B S A SR T M TR S TR B T AN T RIS T IR T

the definition of learning disabilities under the IDEA is the exclusionary lan-
guage: learning disabilites cannot be attributed primanly to mental retar-
dation, emotional disturbance, cultural difference, or environmental or
economic disadvantage. Thus, the concept of learning disabilities embed-
ded in federal law focuses on the noton of a discrepancy between a child’s
academic achievement and his or her apparent capacity and opportunity to
learn. More succinctly, Zigmond notes that “learning disabilities reflect
unexpected learning problems in a seemingly capable child.™

Although poverty and disability are often found together and each tends
to exacerbate the other (see the article by Wagner and Blackorby in this

journal issue), Congress has established separate programs to serve children

with disabilities (the IDEA) and children in poverty (Tide 1). Tide 1 of the

-Elementary and Secondary Education Act provides funding for supplemen-

tal programs in schools serving large numbers of economically disadvan-
taged children. Because individual children with disabilites have strong
entitlements to services under the IDEA, Congress's intent was that the
IDEA serve only children with “true disabilities” and that the IDEA specifi-
cally exclude those students whose underperformance is primarily attribut-
able to poverty. However, in the category of learning disability, and perhaps
also in the category of mental retardation, this distinction is difficult or
impossible to draw, and no empirical data exist to support this exclusionary
practice.

While there is some agreement about these general concepts, there is

--continted disagreement in-the field about diagnostic criteria, assessment

practices, treatment procedures, and educational policies for learning dis-
abilides. A number of influences have contributed to these disagreements
which, in turn, have made it difficult to build a generalizable body of scien-
tific and clinical knowledge about learning disabilities and to establish reli-
able and valid diagnostic criteria.#5> While some progress has been made
during the past decade in establishing more precise definitons and a theo-
retically based classification system for LD, 810 it is useful to understand
these historical influences because of their continuing impact on diagnostic
and treatment practices for children with learning disabilides.
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LSCINING LISCTHITIES

The next section of this ardcle reviews briefly the historical events that
have molded the field of learming disabilides into its present form.
Subsequent sections address issues related 1o the prevalence of learning dis-
abilities, the validity of current prevalence estimates, impediments to the
identificadon and teaching of the child with LD, advances in identificaton,
classification, intervention practices in the area of reading disability, comor-
bidity of types of learning disabilities (reading, written expression, mathe-
matics disabiliues) with disorders of attention and social skills deficits,
outcomes for individuals with learning disabilites, and the implications for

teacher preparation and school policies.

Historical Influences

The study of learning disabilites was initat-
ed in response to the need (1) to under-
stand individual differences among children
and adulis who displaved specific deficits in
spoken or written language while maintain-
ing integrity in general intellectual function-
ing and (2) to provide services to these
students, who were not being adequately
served by the general cducational sys-
tem 621 Overall, the field of learning dis-
abilities emerged primarily from a social
and educatonal need and currendy remains
a diagnostic practice that is more rooted in
clinical practice, law, and policy than in sci-
ence. Advocates for children with Iearning
disabilides have successfully negotiated a
special educaton category as a meuans o
cducatonal protection at the saune unie that
the schools have seen an increase in the
idenuficaton of LD

The unexpected pattern of general
strengths and specific weaknesses in learn-
ing was first noted and studied by phvsi-
cians during the early twentieth century,
thus giving the field its historical biomed-
ical orientation.! Doctors noted that chil-
dren with learning disabilities were similar
to adults and children with focal brain
damage in that specific impairments in
some areas of lcarning could occur with-
out diminishing strengths in general cog-
nitive abiliry.

Although the clinical work conducted
during the first half of the tventieth centu-
ry recognized the existence of learning dis-
abiliues, such information had litde intlu-
ence on public school policies untl the
mid-1960s. At this ume, behavioral scien-
tists, educators,'! and parents expressed
concern that some children had learning
handicaps that were not being served effec-

tively by general educational practices.? At
the same time, these children were ineligi-
ble for special education services because
their characteristics did not correspond to
any recognized categories of disability. This
disenfranchisement stimulated an advoca-
cy movement to provide special educauon-
al services to students with learning disabil-
iues, 469 leading many states to establish a
special education category for LD during
the late 1960s and 1970s.

Prevalence

The influence of advocacy has, in tum, con-
uibuted to a substanual proliferaton in the
number of children who have been idenu-
fied with learning disabiliges relative to other
handicapping conditons (see Figure 1).
Clearly. the prevalence of LD idendfication
has increased dramadcally.

The “real” prevalence of learning dis-
abiliues is subject to much dispute because
of the lack of an agreed-upon definiton
of LD and objecuve diagnostic criteria.151=
Some have argued that the currenty rec-
ognized 5% prevalence rate is excessive
and is based on vague definitions, leading
to inaccurate identificadon. On the other
hand, research efforts to identify objec-
tive early indicators of LD in basic reading
skills have concluded that virtually all chil-
dren scoring below the 25th percentile on
standardized reading tests can meet the
criteria for having a reading. disorder.!
While less is known about LD in written
expression, researchers estimate its true
prevalence at between 8% and 15% of
the school population.!? Research also
indicates that approximately 6% of the
school population has difficulties in math-
ematics which cannot be autributed to low
intelligence, sensory detficits, or economic
deprivation.!4
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Figure 1
Percentage of Children Identified as Manifesting the Most
Common Disabilities in the Years 1977 through 1993
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Increase in Identification

The substantal increase in the identfication
of children with leamning disabilites shown
in Figure 1 has led many to question the
validity and reliability of LD as a diagnostic
category or its “realness” as a handicapping
condition.’> In fact,-it appears likely that
there are both sound and unsound reasons

for the increase, as is discussed later.

It should be made clear that difficuldes
in the identificaton of children with learn-
ing disabilides do not make the disabilides
any less “real” to the student who cannot
learn to read, write, or understand mathe-
matics despite good intelligence, an ade-
quate opportunity to learn, and ostensibly
good teaching. However, such an anecdotal
understanding of leamning disability and its
prevalence seems inadequate now, given the
increase in diagnoses of LD, the conse-

quences of leamning failure in children, and
the tremendous financial resources that are
applied to the identificadon and teaching of
children with learmning disabilides. Given
what is at stake, it is critical that the construct
of learning disability and procedures for
identifying children and adults with LD be
valid and accepted by the scientfic and clin-
ical communities.

The question remains, however, of how
to go about increasing the ability to identify
individuals with LD accurately. Valid preva-
lence estimates depend upon a set of criteria
for idendfication that are clear, observable,
measurable, and agreed upon.

The Discrepancy Standard

There is currently no universally accepted
test, test battery, or standard for identfying
children with LD. While a discrepancy
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between intelligence quotient (IQ) and
achievenent has been a widelv accepted cni-
terion for the identficanon of LD and sdll
serves as the dnving clinical force in the
diagnosis of LD, there is considerable vana-
don in how the discrepancy is derived and
quantfied.®1¢ Federal regulations and
extant clinical criteria'” do not specify par-
ticular formulas or numnerical values to assess
discrepancy objecuvely. The effect of this
lack of specificaion on both clinical and
research practices is substantal. From a clin-
ical standpoint, a child can be identified as
having a learning disability in one school dis-
trict but not in a neighboring district
because of differences in the measure of dis-
crepancy used. From a research perspectve,
different approaches to the discrepancy
measurement lead to substandally different
sample characteristics and different preva-
lence estinates, which undermine the abili-
ty to replicate and generalize findings.5689

For the individual child, use of the dis-
crepancy standard clearly promotes a wait-to-
fail policy because a significant discrepancy
benveen IQ and achievement generally can-
not be detected untl about age eight or
nine. In fact. most school districts do not
identfy children with leaming disabilides
undl a child is reading well below grade level.
generally in third or fourth grade.'® By this
dme the child has already experienced at
least a few vears of school failure and probha-
hly has expenenced the common attendant
problems of low self-csteem, diminished
mouvauon, and inadequate acquisition of
the academic material covered by his class
mates during the previous few yeass.

It is clear that'the longer children with
learning disabilines, at any level of seventy,
go without idenafication and intervention,
the more difficult the task of remediaton
becomes and the harder it is for the children
to respond. Specifically, the data sturongly
suggest that children at risk for reading fail-
ure should be identfied before the age of
nine if successful intervention results are to
be anticipated.’ For example, a longitudinal
investigauon of 407 students'® found that
74% of the children whose disability in read-
ing was first identfied at nine years of age or
older continued to read in the lowest quin-
tile throughout their middle and high
school years. In additon, the longer chil-
dren, at all severity levels, are faced with fail-

e TR

ure in reading in the classroom seting. the
greater the probabilitv that comorbid leamn-
ing and behavioral difficultes will anse. fur-
ther complicating the remediation task.

Developing a Diagnostic
Standard

If current definidons of learning disabilit
are not useful and if the discrepancy stan-
dard is a poor one, why have schools not
adopted other means of defining and iden-
tifving LD? There are a number of concep-
tual and methodological barriers to the
accurate identficaton of leaming disabili-
tes, and these impediments lead to confu-
sion about definitions, diagnostic issues, and
rising prevalence rates.

Multidisciplinary Nature of the Field
Opinions about what consdwtes a learning
disability vary610 in part because LD is the
concern of many disciplines and professions,
including education, psychology, neurology,
neuropsychology, optometry, psychiauy, and
speech and language pathology, to name a
few. Each of these disciplines has traditional-
ly focused on different aspects of the child or
adult with leamning disability, so divergent
ideas and contentous disagreements exist
about the importance of etiology, diagnostic
methods. interventon methods, and profes-
sional roles and responsibilines? It is not
surprising that so many children are ident-
fied because each professional may view the
child through his or her own idiosyncratc
chinical lens. For example, optometrists may
identifv a child as having a learmning disability
if the youngster displays difficulues in visual
uacking. Speech and language pathologists,
on the other hand. becoine concemned if the
child’s vocabulary and syntactic develop-
ment are not commensurate with expecta-
uons. Educators become concerned primar-
ily when development in reading, writing,
and mathematics is deficient

Lack of Specific Identification Criteric

Probably.the.mnost significant and persistent
problem in the field is the lack of a pre-
cise definition and a theoretcally based clas-
sification system that would allow (1) the
identification of different types of leamming
disabilides and (2) a means of recognizing
distinctions and interreladonships between
types of learning disabilites and other learn-
ing disorders such as mental retardadon,
attention deficit disorder. speech and lan-

(6]
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guage difficulties, and general academic
underachievement™® At present, the field
continues to construct and use vague and
ambiguous definidons that rely heavily on
the exclusion of altermadve diagnoses, such
as the IDEA definigon shown in Box 1.

Overly Broad Label

Some observers argue that the term “leamn-
ing disability” is too broad to be of any diag-
nostic value. Stanovich,'® a leading propo-
nent of this view, proposes that the general
term learning disabilities be abandoned and
that definidonal and research efforts focus
on the specific types of disabilities that are
now identified in ambiguous terms.

As noted earlier, the generic term leamn-
ing disabilities encompasses disabilities in
seven categories: (1) listening, (2) speaking,
(3) basic reading skills, (4) reading compre-
hension, (5) written expression, (6) mathe-
madcal calculaton, and (7) mathemaucal
reasoning. Given the complexity and het-
erogeneity of each of these disabilies, it
seems unrealistic to expect that any defini-
tonal clarity can be achieved by grouping
themn together under one label. To do so
only obscures the critcal features ot each
disability and makes rescarch findings difli-
cult to interpret.

Definidons of specific leamning disabili-
ties can be more easily and successfully oper-
ationalized than generic definidons, as the
research on disability in basic reading skills
shows.? To esublish valid prevalence esti-
mates for the number of individuals with
learning disabiliues, the first step should be
to establish explicit diagnostic criteria for
each of the seven specific disability domains.
At present, the greatest progress toward this
goal has been in the area of disability in basic
reading skills.3 '

LD as a Sociological Phenomenon

The simplest explanation for the increasing
numbers of children identified with learn-
ing disabilities and for the difficulty in
understanding and defining LD is that
“LD” is not a distinct disability, but an
invented category created for social pur-
poses. Some argue that the majority of stu-
dents identified as having learning disabili-
des are not intrinsically disabled but have
learning problems because of poor teach-
ing, lack of educational opporunity, or lim-

ited educatonal resources.!> In addivon.
because the label of LD is not a sugmauzing
one. parents and teachers mav be more
comfortable with a diagnosis of LD than
with labels such as slow learner. minimal
brain dvsfunction, or perceptual handicap.
A diagnosis of LD does not imply low intel-
ligence, emotonal or behavioral difficul-
ties, sensorv handicaps, or cultural disad-
vantage. Thus, more positive outcomes are
expected for children with learning disabil-
ities than for those with mental retardauon
or emotional disturbance.

Reasons for increase in
Identification of LD

As pointed out. the substantial increase in the
identificauon of LD, as shown in Figure 1,
has caused many researchers to question
the validity of the data. No doubt, the fail-
ure to develop an agreed-upon, objective,
operational definition of learning disability
gives credence to the concern about the
validity of the identification process. Thus,
it seems reasonable to assume that at least
some of the increase in prevalence can
be linked to concepuual, methodological,
social, and poliucal factors that spuriously
inflate the identification of children with
learning disabilities.” However, despite the
conceptual and methodological shortcom-
ings that have plagued the field with
respect to definition and idenuficauon
practices, there exist a nuimnber of possibly
sound reasons that could account for an
increase in the number of children idenu-
fied with LD.

Some Sound Reasons :

As knowledge about leamning disabilities
grows, some academic difficulties not previ-
ously recognized as LD can be identified as
such. Greater knowledge also affects the
behavior and practices of teachers and par-
ents. Sound reasons for the increase in iden-
tificadon rates are described and discussed
in the sections that tollow.

B Better Research. Research in the past decade
measures underachievement in reading as it
occurs naturally in large population-based
samples!2!3 rather than as identfied by
schools, which use widely varying criteria. In
addition, much of this new research is longi-
tudinal and has been replicated, providing
the necessary foundation for epidemiologi-
cal studies.21213.1921-2¢ Finaily, many of these



Learming Discuiities

stidies have been specilic 1o LD in reading,
rather than LD in general. allowing greater
precision.

a Lrocuder Diginitions. Prevalence s directly
Imked to defintuon. LD in reading his been
deimed i recentresearvch s significant diffi-
cultios mveedies single weady accurately and flu-
cridy, i comiznation with deficits i phonoluercal
raveeness Usme this definsion and sironger
fongimding] research methods ontlined
aboves the prevadence for veadme disabiluy
alone has incrcased trom esumartes ot Jess
than 5% in 1970 10 approximately 1770 in
1994,

Phonological awareness is u critical
atribute m fearming o read. and children
who iack this awareness can be identified
in late Kindergarten and carlv first grade.
Tvpical diagnostic questions for kindergut-
ners or first graders involie rhyming skills
(for example. "Tell me three words that
rhvime with ‘cat’™) and phoneme deletion
skills (for example, "Sav ‘cat’ without the
/t/ sound”). The majority of children pick
up phonological awareness skills cusilv by
SIX 10 seven vears of age, buta large minor-
ity of children (about 17%) have significant
difficujne with these skills and will have
areat ditficulty leaming 1o read. recardiess
of their intelligence. unless these skills ave
acquired.

@ Jdentification of LD in Girls. A substanual
portion of this increase can be atunbuted
1o the fact that females have heen tonnd
1o munifest reading disabiliues ar rites
cqual to males. in contrast 1o previous
reports that males with reading disabilines
ournumiered females with seadinge dis-
abilities at a rato of four w one.” This
danding pecessarily mereases the previe

lenee e,

23 Incvdsed Swareness. Intornmauon dissenn-
nuted in the past decade, parucularly con-
cerning the characreristics of reading
chsabiliry, hus increased the number of chnl-
dren referred for assessment oi’a leaming
chisabiiion

A Undestanding of the Impact. There hus
been an mncrease in the recogniuon that
even “mild” deficits in reading skiils are
likely 10 portend significant difficuldes in
academic leaming and are, therefore. wor-
thy of early idendficadon. diagnosis. and
mterventon. =647

Scme Unsound Reacons

There is no shortage of hoiror stories about
the misidentfication of LD and reports that
the category serves as o "catch all” for anv
vounuster wha is not meeung the expect
uons of parents and teachers. Are there leqit-
imate reasons for these crincisms: The
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answer appears to be yes. Examples are
described and discussed in the secuons that
follow.

B Ambiguous Definitions. The ambiguity
inherentin the general definitions of LD (see
Box 1) leaves the identificatdon process open
for wide interpretation and misinterpreta-
tion. Flexible identification decision making
allows some children to be identified as haw
ing leaming disabilides when they do not,
while others with learning disabilities may be
overlooked.> This lattude can be manipulat-
ed to increase prevalence rates in response to
financial incentves (for example, to qualify
for increased state funding), to decrease
prevalence rates in response to political
movements (for example, inclusion), or to
abandon programs that appear too costly.?

a Social and Political Factors. Social and polit-
ical factors also contribute to the inflation of
prevalence rates for leamning disabilides, In
1976-77, the first year of full implementaton
of Public Law 94-142, 2.16% of all school-
children were served in programs for chil-

Both market and legal forces can stimulate
the development of new professional
specialties whose members have financial
incentives to diagnose students with
learning disahlities.

dren with mental retardation (MR) and
1.80% in programs for children with learning
disabilides (Figure 1). By the 1992-93 school
year, placements for children with MR had
decreased to 1.1% while placements for chil-
dren with LD had increased to 5.4% of the
total school population (Figure 1). While
these reversed trends mask substantial varia-
tions among states, the dramadc changes in
identification rates of the two types of dis-
ability suggest that attempts to apply less stig-
matzing labels may be influencing the iden-
tification process.

= Number of Professional Specialties Involuved
The large number of professional specialtes
involved in the idendfication process pro-
vides fertile ground for the overidentifica-
tion of LD because each specialty brings its
own set of diagnostic assumptions, theories,

and measures to the assessment task.
Inconsistent identification pracdces allow
prevalence rates to escalate. This is a signifi-
cant problem when there are financial
incendves to encourage identficanon (see
the ardcle by Parrish and Chambers in this
joumnal issue). Both market and legal forces
can sumulate the development of new pro-
fessional specialdes (such as language/learn-
ing disorder specialist) whose members have
financial incentives to diagnose students with
learning disabilities, which the specialists will
often be employed to treat. Although it mav
be uncomfortable to menaon these factors,
they exist and play some role in the increase
of prevalence of LD. At the same ume, the
majority of professionals sening childven
with leaming disabilities appear well inten-
tioned and well informed.

® Inadequate Preparation of Teachers.
Unfortunately, a major factor conuibuting
to invalid prevalence estimates mav be the
inadequate preparation of teachers by col-
leges of education. Recent studies have
found that a majority of regular classroom
teachers feel that they are not prepared to
address individual differences in leaming
abiliies within classroom settings.® Lven
more alarming, research suggests that spe-
cial educators themselves do not possess suf-
ficient content knowledge to address the
language and reading needs of children
with learring disabilides.® Without ade-
quate preparation, teachers have a tendency
to overrefer children for specialized assis-
tance because they feel illequipped to pro-
vide the necessary services.3!

Interpreting Prevclence Rates
The prevalence of leamning disabilities is
completely dependent upon the definition
used. In most areas, the identficaton of LD
is based largely upon the discrepancy stan-
dard and, thus, provides a count of the num-
ber of older elementary students (third
grade and above) who are achieving signifi-
cantly below expectations based on 1Q. This
is, at best, an incomplete defininon of LD
and one that, for the majority of students
with leamning disabilities, is based upon an
invalid criterion, namely, the discrepancy
standard.

Clearly, current definitions allow both
overidentfication and underidentfication
of LD. Depending upon the magnitude of



financial incentives and upon unrelated fac-
tors (for example, class size, goals for
increasing test scores) that often shape the
decisions of classroom teachers to refer stu-
dents with special needs, an individual
school district may drastcally overidentfy or
underidentify students with learning disabil-
ities. Therefore, local or nadonal stadstics on
identfication rates for students with LD
must be interpreted with caution.

Efforis to Improve
identificaticn

To improve the diagnosis and remediation
of learning disabilities, a classification system
is needed to identify different types of learn-
ing disabilities as well as the distinctions and
interrelatdonships among types of LD and
other childhood disorders.>*3” Prospective
longindinal studies are one of the most
powerful means to study the different tpes
of LD and their relationships to other disor-
ders and to obtain data for a focused and
succinct definiton.

Prospective, longitudinal studies of LD
can serve as a platorm to (1) idendfy criu-
cal learming and behavioral characteristics
that may be manifested in different ways at
different developmental periods, (2) devel-
op early predictors of underachievement
for ditfecrent academic domains (for
exampie, reading, written language, math),
(3} map the developmental course of dif-
ferent twpes of learming disabilities, (4) iden-
ufy commonly co-occurring disorders and
secondary behavioral consequences that
develop in response to failure in school. and
(5) assess the efficacy of different wreatment
and teaching methods for different types of
learning disabilides.

To address this compelling need to
establish a valid classification system and
definition for LD, Congress enacted the
Health Research Extension Act of 1985
(Public Law 99-158). This act called for
the development.of ar Interagency Com-
mittee on Learning Disabilities (ICLD),
under the lead of the National Institute of
Child Health and Human Development
(NICHD), to identify critical rescarch
needs in LD and to implement compre-
hensive studies to address issues relevant to
identificauon, prevention, etology, and
treaunent.

New Knowledae of

Reading Disabilities

Since the inauguraton of the NICHD
Learning Disability Research Netwwork in
1987, researchers have learmed the most
about learning disabilides that affect linguis-
tic, reading, and spelling abilites and the
least about learning disabilides in mathemat-
ics.2 A number of new findings have also
been obtained in the area of attention deficit
disorder (ADD) and its relationship to dif-
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Approximately 80% of children identified
as having learning disabilities have their

primary difficulties in learning to read.

ferent types of LD, particularly disorders in
reading.!? For brevity, the major discoverics
made during the past several years are pre-
sented in Table 1. Selected findings are
reviewed here. The reader should note that
many findings have been replicated by mul-
tiple research groups, as cited in Table 1, and
that the findings are primarily based on large
longitudinal samples. Finally, readers should
note that studies being conducted in Canada
by Stanovich and Siegel at the Onuario
Instirute for Studies in Education are includ-
ed in Table 1 because of their impact on the
field and because Stanovich and Siegel serve
as consultants to the Yale Learning Disability
Research Center (LDRC).

As Table 1 shows, a majority of discover-
ies made during the past decade have been
in the area of reading disabilities. This is
appropriate. As Lerner pointed out from
her analysis of public school referral dat in
1989,33 approximately 80% of children iden-
ufied as having learning disabilities have
their primary difficuldes in leamning 1o read.
This high rate of occurrence of reading dif-
ficulties among youngsters with LD has also
been reported by Kavale in his meta-analyvtc

- 'studies.3 -More- recent longitudinal and

crosssectional studies have supported the
high rate of reading difficulty among chil-
dren with learning disabilities, but have also
found that reading deficits frequendy co-
occur with other academic and attentional
difficuliies. For example, Fletcher and his
associates at the Yale Center for the Studv of
Leaming and Attendon have, as part of a
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Table 1
Major Findings from Research Programs Supported by the
National Institute of Child Health and Human Developmant =
Research Research
Domain Findings Group*
Definition Definitdons that measure the di.screpancy between IQ and achievement Yale
of learning do not adequately identify learning disabilites, parucularly in the area Ontaro
disabilities of basic reading skills.
Reading Disabled readers with and without an IQ-achievement discrepancy Colorado
processes show similar information processing, genetic, and neurophysiological Bowman Grav
profiles. This indicates that the existence of a discrepancy is not a Yale
valid indicator of disability in basic reading skills. Ontario
Reading Epidemiological studies indicate that as many females as males manifest Bowman Gray
processes cslexia; however, schools identify three to four times more boys than girls. Colorado
Yale
Reading Reading disabiliues reflect a persistent deficit rather than a developmentl lag. Yale
processes Longitudinal studies show that, of those children who are reading disabled Ontuario
in the third grade, approximately 74% continue to read significanty below
L grade level in the ninth grade.
Reading Children with reading disability differ from one another and from other Yale
processes readers along a continuous distribution. They do not aggregate together Bowman Grav
to form a distnct "hump” separate from the normal disuibution. Colorado
Ontario
Reading The ability to read and comprehend depends upon rapid and automatic Yale
processes recognition and decoding of single words. Slow and inaccurate decoding Bowman Gray
arc the best predictors of deficits in reading comprehension. Colorado
Johns Hopkins
Florda
Houston
Reading The abiliey to decode single words accurately and fluently is dependent Yale
processes upon the ability to segment words and syllables into phonemes. Deficits Colorado
in phonological awareness reflect the core deficit in dyslexia. Bowman Gray
Miami
Johns Hopkins
Florida
Houston
Reading The best predictor of reading ability from kindergarten and Bowman Gray
processes firstgrade performance is phoneme segmentation ability. Yale
Florida
Houston
Attention A precise classification of disorders of attention is not yet available; Yale
however, operational definitions are emerging.
Attention Approximately 15% of students with reading disability also have a Bowman Gray
disorder of attention. Approximately 35% of students with disorders Yale
of attention aiso have reading disability. However, the two disorders
are disunct and separable.

‘See the related enanote at the end of this article for g detaled description of research groups.



Table 1 (confinued)

Ma;or Fmdlngs from Resecrch Programs Supported by the o
f Nahonal lnshtute of Chlld Health c:nd Human Development

Resecrch Research
Domain Findings Group®
Atiention Disorders of attention exacerbate the severity of reading disabiliry. Bowman Gray

Miami
Genetics There is srrong evidence for a genetic basis for reading disabilities, with Colorado
deficits in phonological awareness reflecting the greatest degree of Bowman Gray
heritability.
Neurology Regional blood studies indicate that deficient word recogniuon skills are Bowman Grav
. associated with less than normal activation in the left temporal region.
Neurology PET studies indicate that dyslexic adults have greater than normal Miimi

activation in the occipital and prefrontal regions of the cortex.

Intervention

Disabled readers do not rcadily acquire the alphabetic code because of
deficits in phonological processing. Thus, disabled readers must be
provided highly structured programs that explicidy teach applicaton
of phonological rules to print.

Bowman Gray
Florida
Houston

Intervenuon

Longitudinal data indicate that systematic phonics instruction results in
more favorable outcomes for disabled readers than does a context-
emphasis (whole language) approach.

Bowman Gray
Florida
Houston

*See the related endnote at the end of this article for a detailed description of research groups.

lurger classification effort, studied 216 chil-
dren, 7.5 10 9.5 vears of age, who were iden-
dfied as normaul readers, reading disabled,
math disabled, both reading and math
disabled. normal reading with ADD, and
reading disabled with ADD .13 From dhis
sample of children with a vanety of learning
disabilines, only 25 youngsters were reading
at age-appropriate levels.

Research indicates that reading disor-
ders reflected in deficient decoding and
word-recogniton skills are primarily caused
by deficiencies in the ability to segment svl-
lables and words into constituent sound
units called phonemes.!62235-3 For exam-
ple, in a large study of 199 seven- to nine-
yearold children who. bad significant diffi-
culties in decoding and word recognition,
more than 85% of the youngsters manifest-
ed deficits on measures of phonological
awareness. In this invesdgaton, children
with and without IQ-reading-achievement
discrepancies appeared equally impaired
on both the phonological and reading meu-
sures.?! This extremely high frequency of

phonological awareness deficits in children
with reading disabilities has led Share and
Stanovich to conclude: “We know unequivo-
cally that less-skilled readers have difficulty
turning spellings into sounds. . . . This rela-
tonship is so strong that it deserves to be
identified as one, if not the defining. fearure
of reading disabilin:.™

biological Bases

Several NICHD investigadons have indicat-
ed that these phonologically based reading
disabilites are linked to neurobiological
and genetic factors.?8134% Functonal and
structural neuroimaging studies indicate
that the poor phonological skills, which
limit the development of basic reading abil-

. dties, are-highly refated to aberrant neuro-

physiological processing.224® Moreover,
there is increasing evidence from behav-
ioral and molecular genetic studies that the
phonological deficits observed in reading
disability are heritable.#142 Taken together,
longitudinal studies of the linguistic, neuro-
biological, and genetc factors in reading
disabilides provide strong and converging
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evidence that reading disability is primarilv
caused by deficits in phonological process-
ing and, more specifically, phonological
awareness $13.30.37.38.40

Likewise, the data derived from genetic
and neurobiological swudies suggest that
some reading disabilities are associated with
subtle chromosomal+* and neurological dif-
ferences,”2% indicating that such disabilities
are biologically “real” rather than sociopolit-
ically created.

Discrepancy Standard

In addition to the previously discussed prob-
lems of the discrepancy standard, Table 1
indicates that the use of a discrepancy for-
mula, which calculates differences between
IQ and reading scores, is not a valid indica-
tor of reading disability; that s, children with
reading disabilites both with and without
such discrepancies have similar deficits in
phonological awareness and similar genetic
and neurophysiological characteristics.® At
this tme, it is not clear whether children
with higher IQs respond more favorably to
intervention.’

Persistent Deficit

Unfortunately, as Table 1 indicates, reading

disabilides appear to reflect a persistent

deficit mather than a developmentl lag,
> That is, children with delavs w1 understand-

ing phonologicad concepts in tust grade are

Interventions applied after a child has
failed in reading for two or three years may
not be effective for several reasons, including
the student’s declining moiivation and
impaired self-concept.

unlikely to catch up later. withqut explicit
and informed teaching. Longitudinal stud-
ies show that, of the youngsters who are
identified in the third grade, approximately
74% remain reading disabled through the
ninth grade.'$43 This appears to be true even
when special education has been provided.
It should be made clear, however, that inter-
vendons applied affer a child has failed in
reading for owo or three years may not be
effective for several reasons, including the
student’s declining motivauon and impaired

self-concept. Instructional difficulties in later
intervention abound. For example, the
teacher carmying out the intervenuons may
not be properly trained. the interventons
may not include explicit and informed
instruction in the development of phono-
logical awareness and soundsymbol rela-
tonships, the interventons mav not be con-
sistently applied and/or may be limited in
intensity and duraton, and there mav be
insufficient follow-up or explicit instructon
to-enable the student to generalize the spe-
cific concepts learmed to material presented
in regular classroom settings.

Distribution of Severity

A significant finding from the Yale LDRC
is that reading disability represents the
extreme of 2 normal distribution of reading
ability so that there is an unbroken continu-
um from reading ability to reading disabili-
tv.¥? The finding that reading disability is
part of a continuum now places the disor-
der in the context of other biologically
based disorders such as hypertension and
obhesity.¥ The discovery that reading disabil-
ity is best conceptualized as occurring along
a normal distribution of reading skills
underscores the fact that children will vary
in their level of seventy of the disorder run-
ning along a mild-to-severe spectrum, with
the majority of children with reading dis-
abilities falling at the mild end. This finding
has significant implicatons. For example,
what are the criteria for identifving a child
as having a severe reading disability, and does
this degree of disability warrant entidement
to a greater intensity and duration of spe-
cialized interventions? '

To answer such questions, the NICHD is
embarking on a series of studies to idendfy
the most valid points along the distribution
of reading scores that disinguish levels of
severity. In part, the validitv of different cut-

..off points for mild, moderate, and severe

rcading disability is being determined by
how children in each severity group respond
to different types and intensites of interven-
ton. At this writing, some initial results
derived from the Florida State Intervention
Project show that children with scores at the
extreme lower end of the distributions for
both phonological awareness skills and basic
reading skills are much more difficult to
remediate than children who fall along the
distribution in the mild and moderate




ranges. H#¥ [t is as vet unclear whether chil-
dren in the more severe range can achieve
age- and grade-approximate reading skills,
even with intense, informed interventon
provided over a protracted period of time.

While children with severe reading dis-
abilies will most likely require a greater
amount of time in high-impact intervenuon
programs than children with less severe
deficits, as discussed earlier, it is clear that
the longer children at any level of severity go
without proper identification and interven-
tion, the more difficult the wsk of remedia-
tion and the harder it becomes for the chil-
dren to respond. It is also clear that even
children with relatively subtle linguistic and
reading deficits require the expertise of a
teacher who is well trained and informed
about the relationships between language
development and reading development.®
Unforwunately, such teachers are in short
supply, primanly because of a lack of pro-
grams providing this trmining.?!

Co-occurring Disorders

As noted, most children with learning dis-
abilides have more than one of the scven
subtypes of learning disabilides. Itis also not
unusual to find LD co-occurring with certain
behavioral or emnotional disorders. The most
common co-occuning combinations are dis-
cussed briefly below.

Reading cnd Atiention Disorders
Auenton deficit disorder (ADD) 1s an
increasingly common diagnosis recognized
in medicine’” and psychology!™ althoughitis
not a category of disability recognized under
the IDEA. Like LD, ADD is the subject of
considerable controversy, and diagnostic cri-
teria for ADD continue to evolve. There is
no litnus test for ADD, which is diagnosed
on the basis of persistent and maladaptive
behavior patterns (inattention, impulsivity,
and hyperactivity) that are inappropriate for
the child’s age. The number of diagnoses of
ADD has increased dramatically in the past
decade,* and one study!* found 7% of a sur-
vey sample of 445 kindergarten students
qualifying as “inattentive” on the Multigrade
Inventory for Teachers.

Figure 2% indicates that a child identified
with reading disabilities is twice as likelv as a
member of the general population to also
meet the diagnostic criteria for inauenton

(15% versus 7S). Similarlv, an individual
diagnosed with ADD is at higher risk than a
member of the general populadon of having
a reading disability/phonological awareness
deficit (36% versus 17%). Despite this co-
occurrence, recent studies have indicated
that reading disabilives and ADD are dis

Unfortunately, when children with dis-
abiliges in reading also manifest ADD, their

‘reading deficits are typically exacerbated,

more severe, and more resistant to interven-
tdon.*? In contrast to reading disabilities,
ADD is more prevalent in males. Given the
frequent co-occurrence of ADD with read-
ing disabilities and given the tendency of

Even children with relatively subtle linguistic
and reading deficits require the expertise of

a teacher who is well trained.

boys with ADD to attract considerable atten-
ton from teachers, this combinadon may
make boys with disabilities in reading much
more likely than girls with disabilides in
reading to come to the attention of teachers
and to be referred for testing.

Social Adjusiment Problems

In a broad sense, data indicate that Jearning
disability, no matter what the specific tpe,
has a tendenay to co-occur with social adjust-
ment problems.® Bruck,* in her review of
the hierature related to social and emouon-
al adjusument, concluded that children with
learning disabilities are more likely to exhib-
it increased levels of anxiety. withdrawal,
depression, and low self-esteem compared
with their nondisabled peers. This comor-
bidity is persistent. For example, Johnson
and Blalock™ found that, of the 93 adults
studied in an LD clinic sample, 36% contin-
ued to receive counseling or psychotherapy
for low self-esteem, social isolation, anxi-
ety, depression, and frustration. In many
instances, it appears that such emotional
problems reflect adjustment difficulties
resulting from academic failure.!* Deficits
in social skills have also been found to exist
at significandy high rates among children
with learning disabiliues.?* In general, social
skill deficits include difficultes interacting
with people in an appropriate fashion (for
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example, lack of knowledge of how to greet
people, how to make friends, and how to
engage in playground games or a failure to
use knowledge of such skills in these situa-
tions). While not all children with learning
disabilites exhibit deficits in social skills,
there are certain common characteristics
among those who do. For example, Bruck®!
reported that children with more severe
manifestations of LD are likely to manifest
both an increased number of and increased
severity of social skills deficits. Moreover, the
gender of the child appears to be a factor,
with evidence suggesting that girls with LD
are more likely to have social adjusament
problems.3!

Reading Discrders with Other
Learning Disabilities

There is abundant evidence that it is rare for
a child with leaming disabilities to manifest
only one specific type of leaming disabili-
tv.353 The co-occurrence of leaming disor-
ders should be expected given the develop-
mental relationships between listening,
speaking, reading, spelling, writing, and
mathematics. For example, it is clear that
deficits in phonological awarcness lead to
difficulties in decoding and word recogni-
ton which, in tum, lead to deficits in read-
ing comprehension.'v¥7.3 Likewise, children
with disabilitdes in reading frequendy experi-
ence persistent difficulties in solving word
problems in math for the obvious reason
that the printed word is difficult tor them to
comprehend. i+

An important conclusion to draw from
the literature on co-occurring disorders is
that any intervention or remediation effort
must take into account the range of deficits
a child may have. More specifically, while an
intensive reading intervention may consist
of explicit instruction in phonological
awareness, sound-symbol relatdonships, and
contextwal reading skills, the child may also
require elemnents essental to bolstering self-
esteemn, and to fostering reading in other
content areas such as mathematics, social
studies, and science. One cannot expect the
intervenuon for the reading deficit to gen-
eralize serendipitously to other domains of
difficulty.

LD in Written Expression
Typically, children who display LD in writ-
ten expression have difficulties in spelling,

formulation and expression of ideas.
handwriting, and knowledge of grammar
and sintax. Unforwunately, well-designed
research invesugatng disorders of written
expression is relatvely meager. Definitions
for disorders of written expression remain
vague.> Therefore it is not surprising that
estimates of the prevalence of such disor-
ders range from 8% to 15%.'* What is
known is that boys and girls display writ-
ten language deficits at relatvely equal
rates.3* Despite the lack of objectve and
detailed identfication criteria, a number
of excellent studies have been conducted
to identfy effective assessment and inter-
vention programs for problems in written
expression.?>->7

The most successful programs tend to
ensure that clear linkages are drawn between
oral language, reading, and written lan-
guage. Successful programs also -ensurc
that basic skills development in spelling
and writing (graphomotor production) are
explicidy taught and/or accommodated
and that the student is also taught how to
employ strategies to guide the formulation
of ideas for writing and the organization of
these ideas in wriing. These elements are
common to many wriung programs; howev-
er, successful instruction for students with
disabilities 1n wntuten expression depends
upon their intensity and explicitness.

LD in Mathematics

Children identified as manifesting LD in
mathematics can demonstrate deficits in
arithmetic calculation, mathematics rea-
soning, or both. In general, authorities
agree that approximately 6% of the school
population have difficulties in mathemat-
ics that cannot be attributed to low intelli-
gence, sensory deficits, or economic depri-
vauon.'*3>% While the data are sparse at this
time, it appears that deficits in arithmetic

-calculation skills are more frequently

identified than deficits in arithmetic rea-
soning.'* However, common sense would
suggest that attempts to reason mathe-
matically would be constrained by limita-
tions in calculations skills. Unfortunately, a
major difficulty in identifving math leam-
ing disabilities accurately is that, like learn-
ing to read, learning mathematics con-
cepts is dependent upon the teacher's
knowledge of the concepts and ability to
present them.'3
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Figure 2

Co-occurrence of Reading Disability with Aftention Deficit
Disorder in a Sample Qf 445 Students at Ninth Grade
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Study peoulation: 445 children recruited through @ random sample of those attending Connecticut pub-
lic winderganen during the 1983-84 school year. This cohort was followed for several years. This chart
reflects measures token during the subjects’ ninth-grade yecr.

°RD is defined as either cn ability-ochievement discrepancy (based on a regression tormula) or a reading
stancord score below the 25th percentile.

L ADD 1s defined as a score of greater than or equa! to 1.5 ctove the mecn on the inattention scate of the
Multigrcde Inventory tor leachers.

<RD with ADD is the percentage of all stugents meeting the criteria for RD in this study who also met the
criteria tor ADD.

a ADD with RD is the percentage ot all students meeting the criteria tor ADD in this stucy who also met the
criteria for RD.

Source: Adapted with permission from Shaywitz, S.E.. Fletcner, J M., and Shaywitz. B.A. lesues m the oefiniion and classihca-
tion ot atiention deflc)t dizorder Topics in Language Disoraers (1694) 14,1-25,

Inferventions for Learning
Disabilities

Space does not permit an extended review
of research on intervention methods for
diffcrent types of learning disabilities.
However, high-quality prospective longitu-
dinal research methods are now bcing
applied to the study of treatment methods
for reading disabilities, and that research is
summarized here.

enormously difficult. This is because typical
treatment studies have not been able to reli-
ably determine whether the outcomes seen
were attributable to the treatment method,
the child’s general development, the child’s
previous instruction, the concurrent instruc-
ton being provided in the regular class-
room, or combinations of these factors. In
addition, a majority of treatment studies
have been hampered by not having control
over teacher expertise and training. Thus, if

Research attempting to identify effective  a treatment method does or does not work

reatment methods for different types and
sevenity levels of reading deficits has been

effectively, one does not know if it is because
of the characierisucs of the method, the
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characterisdcs of the teacher, or the charac-
terisdcs of the child.

Since the late 1980s, a number of well-
designed longitudinal treatment studies
have been conducted. Because these studies
have the capability to intervene with chil-
dren early on and follow them over tme,
many of the methodological problems
described above have been addressed. These
intervendon studies have provided informa-
tion about how to prevent reading disabili-
ties as well as how to address reading disabil-
ities once they are detected at later ages.

For example, Blachman and her col-
leagues®-0! have shown that instruction in
phonological awareness at the kinder-
garten level has significant positive effects
on reading development during the first
grade. Within this context, research has
demonstrated that proper instruction car-
ried out by informed teachers can prevent
reading failure both for children with
inherent LD in basic reuding skills and for
children whose lack of exposure to “lan-
guage rich” environments and language
development actvites during the furst five

Instruction in phonological awareness at the
kindergarten level has signiﬁcant positive
effects on reading development during the
first grade.

years of life places them at risk for reading
deficits. For instance, in a series of studies,
Blachman®+#' provided 84 low-income,
innercity children with 11 weeks of inten-
sive instruction, 20 minutes per day, with
one teacher instructing a small group of
four to five students in several aspects of
phonological awareness. Prior to instruc-
tion, classroom teachers also received 14
. hours of intensive training. At the end of
the 11 weeks, children receiving the inter-
ventions significandy (p < 0.0001) outper-
formed control children at reading pho-
netically regular words and at related tasks.
A follow-up study conducted in February
and May of the firstgrade year showed that
the gains were maintained if the first-grade
curriculum condnued the same emphasis
on phonological skill development. Similar
studies of kindergarten and first-grade chil-

dren conducted by other researchers®=
have yielded similar results.

Unfortunately, not all children with read-
ing disabilides have the benefit of appropni-
ate early interventons. As discussed enrlier.
most children whose reading disability is not
recognized unt! third grade or luer and
who receive standard interventons fail
show noticeable improvement. However,
intensive instruction of appropriate dura-
tion provided by trained teachers can renie-
diate the deficient reading skills of manv
children. For example, in one study,
Alexander and her colleagues® provided 65
severely dyslexic children with 65 hours of
individual instructon in addition to group
instruction in phonemic awareness and s\n-
thetic and analytic skills. This intensive treat-
ment approach tmproved the reading skills
of the children from an inital reading score
of 77 to an average of 98.4 (mean = 100) on
a measure of alphabeuc reading skills.
Longitudinal studies conunue to demon-
strate the efficacy of intensive and informed
multidimensional treatment programs. ™%

Several additonal findings have emerged
from these longitudinal treatment studies.
It is clear that children with severe phono-
logical deficits, leading to poor decoding
and word recogniuon skills, respond to
treatment at slower rates than youngsters
with mild to moderate deficits *+67 In addi-
don, instruction and interventions for read-
mg failure, which focus primarily on con-
text and reading comprehension without
commensurate attention paid to phonolog-
ical awareness, decoding, and word recog-
niton, show limited results.67-9 Finally, the
success of even the bestdesigned reading
intervention program is highly dependent
upon the training and skills of the
teacher.22.20-31.38

Disability in basic reading skills has been
a pnime candidate for treatment studies
because it is the most common form of LD,
it is the most objectively identifiable, and
more knowledge is available concerning its
causes and developmental course: Inter-
vengons for other types of learning disabili-
ties have been developed but not studied as
extensively and not studied in prospective,
longitudinal research. There is as yet no
solid indication whether early, effecuve
intervenuons for disabilitv in basic reading



skills will affect the developmental course of
other forms of learning disabilicy.

Outcomes

Learning disabilities, sometimes inappropri-
ately conceprualized as a “mild" disorder,
may be anything but—they may be persistent
and may not respond to general instruction
or to inappropriate (for example, whole lan-
guage) instruction. Unless identified early
on and taught by expert teachers using
detailed and intensive approaches empha-
sizing teaching both in phonological aware-
ness and phonics instrucdon, children who
learn poorly in the third grade can be
expected to learn poorly throughout mid-
dle- and high-school grades. Unfortunately,
the majority of children with learning dis-
abiliges are sull not identfied until the third
or fourth grade and do not receive appro-
priate and timely reading instructon. In
i, those students with learming disabilites
who graduate from high school are destined
for few postschool opportunitics. The
minority of children with LD who received
appropriate carly intervention have not
been identilied for long-term follow-up so
their Jlong-term outcomes arc speculative,
but there is reason for opumism tn their sig-
nificandy improved short-term outcomes.

At present, the long-term outcomes for
the majonw of individuals with leaming
disabilities who did not receive appropriae
carly reading instruction are  {requently
hieak. Itis known from the epidemiological
data cited carlier that 75% of the children
with disabilhics in reading who are not
identified undl the third grade continue to
have reading disabilities in the ninth
-grade.?! In a recent review, Marun™ report-
ed that a considerable percentage (26.7%%)
of high school students identified as hav-
ing learning disabilities drop out of
school prior to graduation. Another 16%
of students with leaming disabilites exit
school for “unknown” reasons without a
diploma. Equally disturbing. Fairweather
and Shaver™ found that only. 17.1% of the
individuals with learning disabilines whom
they followed for three to five yeurs alter
high school were enrolled in any postsec-
ondary course, including vocational cours-
es. Only 6.7% of the students with learning
disabilites participated in two-year higher
educaton programs, and only 1.8% partic-
ipated in four-year programs.

While these dat suggest that individuals
with leaming disabilides do not markedlv
improve their academic skills (parucularly
reading skills) and face limited educatonal
and vocational opportunides. it should not
be concluded that individuals with LD
cannot be taught. They can. but, as stated
throughout this paper. interventons are
most likely to be successful if applied early
and carried out by expert teachers.

Conclusions

The past decade has witnessed a significant
improvement in the quality of research on
leaming disabilities. Much of this recent
research has been longitudinal in nature,
thus opening the door to the identification

Learning disabilities, sometimes inappro-
priately conceptualized as a “mild” disorder;
may be anything but—they may be persistent
and may not respond to general instruction.

of better predictors of different pypes of
LD, their prevalence, their developmental
course, and their response to intervengon.
Specifically,

8 The definitonal issues addressed in this
arucle continue to be the single greatest
impediment to understanding learning dis-
abilites and how to help children and adulw
with L.D.

® Maintaining the term “leaming disabili-
tes” makes litde sense for scientific purposes,
clinical purposes, or school policy purposes.
Instead, dhe field must grapple with the clear
need to address cach type of leaming dis-
ability individually to arrive at clear defini-
gonal suitements and a coherent under-
sunding of etiology, developmental course,
identification, prevendon, and treamment.

B Reading disability in the form of deficits

-in phonological awareness is the most preva-

lent type of learning disability and affects
approximately 17% of school-age children
10 some degrec.

o While other factors will, no doubt, be
identified as contributing to reading disabi-
iy, deficits in phonological awareness will
most likely be found to be the core deficit.
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Research during the past decade has shown
that deficits in phonological awareness can
be identified in late kindergarten and first
grade using inexpensive, straighdforward
testing protocols, and the presence of these
deficits is a strong indicator that reading dis-
ability will follow.

a Although it is now possible to identify
children who are atrisk for reading failure,
and some of the instructonal conditions
that must be in place from the beginning of
formal schooling are understood, it is stll
true that the majority of LD children are not
identified undl the third grade. Therefore,
policy initiatives should focus on the dissem-
ination of existing early identification and
early intervention prograrms.

B Intervendons for reading disability must
consist of explicit instructional procedures
in phonological awareness, sound-syinbol
reladonships, and meaning and reading
comprehension, and should be provided by
expert teachers in the kindergarten and
first-grade vears.

0 In gencral, teachers remain scriously
unprepared to address individual differ-
ences in many academic skills but particular-

lv in reading. However. teachers cannot be
expected 10 know what thev have not been
taught. and clearly colleges of educanon
have let students down. Regreuably, being
unprepared wakes a toll on teachers. Manv
teachers worry about their fatlures with hard-
to-teach students. become frustrated, lose
confidence, and leave the profession, or dis-
conunue attempung to teach children with
special needs. This cycle of events calls for
honest and aggressive reform in higher edu-
caton.

a While early interventon is necessary, it
should not be assumed to be sufficient 10
address the multiple mantifestations of learn-
ing disability. Even those students who
receive appropriate phonological instruc-
tion at a young age may require contnuous
and intensive support to deal with other co-
occurring disorders.

m When policsmakers consider “inclusion-
ary” models of instruction, thev must consid-
er carefully whether those models can pro-
vide the cridcal elements of intensitv and the
appropriate duration of instructon, along
with teacher expertise in multple teaching
methads and in accommodaung indivicual
learning differences.
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The Yale Research Group

The principal investigator for the Yale Learning Disability Rescarch Center is Dr. Bennett
Shaywitz, professor of pediatrics and professor and chief of pediatric neurology, the Yale
University School of Medicine, 333 Cedar Street, New Haven, CT 06310. The Yale Group also
consists of Drs. Sally Shaywitz, John Gore, Pawel Skudlarski, Robert Fulbright, Todd
Constable, Richard Bronen, and Cheryl Lacadie from Yale University; Drs. Alvin Liberman,
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Kenneth Pugh. Donald Shankweiler, Caro! Fowler. Anne Fowler, and Leonard Kawz from the
Haskins Laboratories; Drs. Jack Fletcher and Karla Steubing from the Universitv of Texas
Medical School; Drs. David Francis and Barbara Foorman from the University of Houston:
Dr. Dorothy Aram from Emerson Cotlege:; Dr. Benita Blachman from Syracuse Universin:
Drs. Keith Stanovich and Linda Siegel from the Ontano Insutute for Studies in Education:
Dr. Rafael Kloonmnan from the University of Rochester: and Dr. Irwen Kirsch from the
Educational Testing Service.

The Ontario Research Group
Drs. Keith Stanovich and Linda Siegel are professors of psychology and special education at
the Onuario Institute for Studies in Education (OISE), Department of Special Education,
Toronto, Ontario, Canada M5S 1V6 Canada. They are affiliated with the Yale University
Leaming Disability Research Center funded by the NICHD. as well as senior level scientsts at
OISE where funding is obtained primarily through the Canadian Research Council.

The University of Colorado Research Group
The principal investigatpr for the University of Colorado Learning Disability Research Center is
Dr. John DeFries, profe®or and director of the Instuute for Behavioral Genetics, the University
of Colorado, Campus Box 447, Boulder, CO 80309-0447. The Colorado research team consists
of Drs. Richard Olson, Barbara Wise, David Fulker, and Helen Forsberg from the University of
Colorado, Boulder; Dr. Bruce Pennington from the University of Denver; Drs. Shelly Sinith and
William Kimberling from the Boys Town National Research Hospital in Omaha: Dr. Pauline
Filipek from the University of California, Ivine; and Drs. David Kennedy and Albert Galaburda
from Harvard University.

The Bourman Gray School of Medicine Research Group
The principal invesugator for the Center for Neurobehavioral Studies of Learning Disorders is
Dr. Frank Wood, professor of neurology and neuropsychology, Bowman Gray School of
Medicine, 300 S. Hawthorme Road, Winston-Salem, NC 27103. Also from the Center are Drs.
Rebecca Felton, Cecille Naylor, Mary McFarlane, John Keves, Mark Espeland, Dale Dagenbach,
and John Absher from the Bowman Gray School of Medicine; Dr. Raquel Gur from the
University of Pennsylvania; Dr. Connie Juel from the University of Virginia; and Dr. Jan Loney
from the State Umiversity of New York at Stoney Brook.

The Johns Hopkins Research Group
The principal investigator for the Johns [Hopkins Learning Disability Research Center is Dr.
Martha Denckda, professor of neurology, pediatrics, and psychiaury, Johns Hopkins University
School of Medicine, 707 North Broadway, Suite 501, Baltimore, MD 21205, The Hopkins
research team consists of,Drs. Allan Reiss, Harvey Singer. Linda Schuerhiolz, Lisa Freund,
Michelle Mazzocco, and Mark Reader trom the I\cnngd\ -Krieger Rescarch Insutute at Johns
Hopkins; Drs. Frank Velluuno and Donna Scanlon at the State Universicty of New York at
Albany; Dr. Mark Appelbaum from Vanderbilt University; and Dr. Gary Chase from Georgetown
University.

The Florida State University Research Group
The principul investigator of the Florida State University Learning Disabilities Intervention
Project is Dr. Joseph Torgesen, professor of psychology, Florida State University, Tallahassee, FL
33124-2040. Members of the Florida State Research Group are Drs. Richard Wagner and Carol
Rashotte from Florida State University: Drs. Ann Alexander and Kytja Voeller from the
University of Florida, and Ms. Patricia Lindamood from Lindamood-Bell Learning Processes.

The University of Houston Research Group
The principal investigator for the University of Houston Leamning Disabilities Intervention
Project is Dr. Barbara Foorman, professor of educadonal psychology, University of Houston,

- 4800 Calhoun, Houston, TX 77204. The Houston group also consists of Drs. David Francis and
Dorothy Haskell from the University of Houston; Drs. Jack Fletcher and Karla Steubing from
the University of Texas Medical School; and Drs. Bennett and Sally Shaywitz from Yale
University.

The University of Miami Research-Group ' - -
The principal investgator Tor the University of Miami Learning Disabilities Program Project is
Dr. Herbert Lubs, professor of pediatrics and genctics, University of Miami School of Medicine,
MCCD, P.O. Box 16820, Miami, FL 33101. The Miami group also consists of Drs. Ranjan
Duara, Bonnie Levin, Bonnie Jallad, Marie-Louis Lubs, Mark Rabin, Alex Kushch, and Karen
Cross-Glenn, all from the University of Miami.
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Research Initiatives in Learning Disabilities:
Contributions From Scientists Supported
by the National Institute of Child Health
and Human Development

G. Reid Lyon, PhD

Lexing disabilites encompass 2 wide range of disorders in lis- A number of influences have contibuted 1o persistent diff-
‘lening. speaking, reading, writng, and mathemadcs that are fre- culties in diagnosing and treating learning disabilides. In fact,
queatly accompanied by comorbid deficits in attention and undl research programs supported by the Natonal Institute of
social behavior. Cwrent esdmates indicate that children with Child Health and Human Development and the Natural Sciences
learning d:sabilities compose between 10% and 15% of the and Enginesring Council of Canada to srud_v learning disabiliges
school-aged population and represent over half of the children began to lead to major d.Lscovedes‘dun’.ng the past decade, the
who receive special education services in the United States! consensus of thought in the biologic and behavioral sciences was
Despite this frequency of cccurrence, learning disabilities that the field of learning disabiliges lacked sciendfic validity and
remain one of the least understood ye! most disabling array of clinical udlity.” To befter undersiand the difficulties that have
condicons that affec: both children and adults. This is unfortu- plagued the learning disabilides field and the Natonal Insttute
nate because learning disabilifies are exremely deleterious to of Child Health and Human Development’s programmatic
the development of children in general, and tiie negative effects response to alleviate them, a brief review of both problems and
of learning disabilides go well beyond school failure. For exam- progress in the field is presented in the following sections. An
ple. poor peer relagionships, deczements in self-concept, poor - emphasis-will be plared on discussing the role of the National
postschool adjuszment, and limited placed occupatonal oppor- Insttutes of Health in general, and the National Institute of Child
tunices are some of the known outcomes of learning disabiliges. Health and Human Development in particular, in stimulating and

supportng systemasc, prospectve longitudinal research to best

understand how to classify, define, and treat learning disabilites.
_ As mentioned above, additional reference will also be made to
Received Sept 9, 1994. Accepted for publication Sept 185, 1594, the outstanding work of Stanovich and Siege! in learning disabili-

From the Euman Learning and Behavior Branch, Center for Research for tes and reading diso : : rudies in
Mcthers and Children, Nazicnal Institute of Child Health and Human reading disorders at the Ontario Instinute for S

Deveiopment. National Inscrutas of Health, Bethesda, MD. Educadon thar is supported by the Camdm government? Read-
Adzress correspondence to Dr G. Reid Lyon, 6100 Building, Room 4Bgs, -~ €S should note that comprehensive sources on these topics have
€000 Rockwille Pike, Bethe=da, MD 20892 recently been published ¢ -~



IMPEDIMENTS TO SCIENTIFIC DEZVELOPMEINTS
IN LEABNING DISABILITIES: A EISTORICAL
PERSPECTIVE

Hiecsrically, a3 nunter of {=frences have conTmoutesd o diffcl

Ces in \miganng sciencfeally the eorsTat of leamin ceesbile
Les.!s Firse, the field's LmitaZons as a clinical science ¢2n be
reizted 1o its brief teaure as a recognized category of dieshiliny.
Specifically, lezrming cisabilites 25 2 fecderzlv designated cate-
gery of handicap, has been in exsence only since 16688 Trus
there has not been ©me to collect and consolicare the necessary
obsersasions under experimental conditons tha: cowlc lead to a
beer undersianding of the criccal diagnoscc markers anc Tea
ment intervencons that have a known probabiliny of suqcess.

Sercond, mzny different theoreZca! and conceprual views
zre offered to explain leaming disabilities, and these views
Cleariy refiect the multdisciplinary nature of the field.* Learning
¢isabiliries are considered the legitimate concern of many &isci-
plines and professions, including educadon, psychologr, nevrol-
cgr, neuropsychology, optometry, psychiaty, and speech and
language pathology, to name a few. Each of these professions
Fas focused on different aspec:s of the child or adult with lezm-
jng cisabilities, so that there exist highly divergent iceas and,
frecuendy, contentous disagreernents about the imporance of
eZology, diagnosce methods, intervendon methods, and profes-
siona! roles and respornsipilities. Unfortunately, from the per-
specdve of developing a valid defniton and classificaZon sys-
tem for leaming disabiliies, such variadon in views and beliefs
results in ¢ifferences in the numbers of children identfied and
their charzciedszes. In tum, conducdng research on szmpies of
children with putadve learming disabilites who vary wiceiy In
cizgnecetic and demographic characteristics prowices litile
crrermunity for the repliczzon and generzlizazZen cf fndings—
tre comerstenes of scientiic nquiry.

Trird, many dlagnesZce and treatment decisicns adcus indi-

\';c'::-_‘s wilh leaming disabiiifes have been based on techniczlly

L“'CE"LJ'E tesis and measures. Recent comprenensive reviews®
sugges: that fewer than cne third of the psychometnc tocks used
in the diagnos:s of leamning disabilides meer criteria for ade-
cuate norms, relizhiiicy, and va.!.‘dir_.: ¢ imporandy, the vaiid
assassment of ¢

tezCtnent is very difficult to accomplish at prese=t because few

change over time, and change as a fu:tc:_'on of

i~somernts have the scaling properdes (o satsfy condicons for
the measurement of individual growth curves.!

Fourth and by far the most sighificant and persisient prob-
lem impeding progress in the feld of learning disabilices has been
the di=culty in establiching a precise inclusionary defniten and
a thegrezcally based classification sysiem that provides (1) a
E=mework for the identficaton of cifferent ypes of leaming dis
zxiities and (2) a framework for recogning disSnczZons and
_interrelstonsiips (comorbidices) berween leaning cisabilices
ang cther learming disorcers to include azendon defcit disorders,
ganerai acacemic underachieverment, mentsl retardation, and
emczonal disnurtance. The precise charscienizazen of leaming
cisstilides has been hindered on the one hand by associaZng
lexming diszhiliZes with the eoncept of apetude-achievement cis-
crerancy and, on the other hand, by conducing “single-shot”
stedies gn “schoal-idencfed” or “cliinic-referred® samples of chil

cren'™ Tne :Lsu.:npcon thas a disgrepancy beraeen achuevemen:
2nd actucde (Opically assessed using inteligence te<is) is 3 cieas
cizznestc marker for le_:'x.ng isgbilizes or cin be consicerec a
F2LhOg omonic Sign is at best
Such an assumpron is based on the premise tha: ;nénicuals whe
cisplay an IQachievemen: discrepancy are indeed differen: T
individuals who do not with respecs Lo phenonypic va=ahies such
zs informacZon-processing characieristcs and response o te:-

-_\,J_T

prematere, and 3t werst

veacon, and genofypic feanures such
ehility of the disorder ¢r its newroghysioicse signarure. As will
be pcinted out later, a major thrust ¢f the Natora! fnscivie of
Child Kealth and Human Development's eflors in the saudy of
learming disabilities has been to evaluate the eMcacy of discrep

2s c.fTerences in the hen-

ancy in defning learning disabilides by s»stemadeally companing

o
“discrepant” versus “nondis¢repant” low-achieving children ¢n
both phenotypic and genolypic variables”

The study of individuals identified a prion as leaming cis-
2bled by school or clinic criteria within the context of single
investigations or cross-secticnal designs has also significandy
hampered eHorts to develop a valid definition and clas
svsiem for learning disabilities. It has been pointed out many
times tha: schools and clinics lack consisiency in the way in
which learning disabilides are diagnosed. A child can literally be
“cured” of a learning disability simply by moving across state
boundaries or by changing schools within the same commu-

rity.'* Such variability in sample charactesisics prohibits repli-
cadon and generalization of findings—a severe impediment to

the development of any clinical science. Moreover, “single-shot”

sificadon

invesdgations that compare children achieving normally with
children with learning disabilities on one or more dependent
variables of interest at one point in time ignores the develop-
menta! nature of learning and change over &me, and how such
change interacts with il usuation processing characteristics,
teacher characterstics. different interventions, and classroom
climates. As such, limited information is available on the deve!-
ormenial course of leaming disabilitics and how children may
cisplav different characiensucs at different points in tme.

The foregoing briel review provides the rationale for the
development of the Nauonal Insurtute of Child Eealth and Human
Development research programs in leaming disabilides. Before
tne initadon of the r-»2rams, much of our research-based think-
ing about leaming ~eabilities was predicated on information
obtained from ambiguously defineri school-identfied samples of
children who were administcred technically inadequate tests.
Frequen Lly the research problem was further confounded by the
tendency to interpret these test data in the context of invalid the-
oretical and conceptual framewarks. Finally, the majority of
siudies carried out \n'(h. individuals with learning disabilities
were not informed by 2 longitudinal, developmental perspectve.
It has been wis™:n this contex: of scientific need that the
Nasonal Inst:tuie of Child Heath and Buman Development has
svsiemaccally developed 2 porfolio of individual research iniga-
tves, program projecit and leaming disabiliry research centers
to define and classify leamning disabilities and to obtain new
knowledge related to cuolegies, developmental cajectories, and
intervencons for learning disshilities. The next secdans of this
paper provide 3 rTView and analysis of the major findings of the
research supporicd by the Nadonal [nssinyte of Child Health and



Homan Deveicpment, Wilh an eye LOWLTZ icenzhang adcizeny

forire rese2ch needsand dirpcoons.

TETZ BOLE OF TEE NATIONAL INSTITUTE OF
CEILD EEALTE AND EUMAN DEVELOPMENT IN
TEE PLANNING AND CONDUCT OF BESEARCE IN
1LEABNING DISABILITIES ;

Ev war of background, the Health Fesearch Extensien Act cf
1685 (PL €%138) mandated the establishment of an lnteragzency
Comrices on Leaming Disabilices for the express purpese of
adcressing the persistent problems in idendfying a valid classifi-
caticn sysiem 2nd 2 definitiorn. for learning disabilities. More

scecifcally, the Interagency Commiciee on lea.mm;.d‘:abihz.‘es )

was charged with the task of reviewing and ascessing federa!
research priorities, activites, and findings regarding learning
disakilities. Tne National! Insutute of Child Eealth and Euman
Development was designated the lead agency for this congres-
siona! inidative. With respect to legislative and administrative
acton, the Interagency Commitiee on Learning Disabilites was
reguirec to make recommendations to increase the effective-
ress of research on learning disabilides and to i.rﬁprove the dis-
seminadon of findings, and to prioritize research efforis in the
causes, diagnesis, trearment, and prevention of leaming disabili-
Ces. ASer a comprehensive review of extant data and informa-
ton related 1o the study of learning disa‘.:lli:ie.s,‘ the Interagency
Commnitie2 on Learning Disabilices conciuded that

collaborative, integrated, and coordinated multidisciplinary
approaches lo research questions, such as could be under-
taven cn university campuses {n large program projests and in

appropriate way to increase the effectiveness of this
researzh.... A major goal! of this research should be the devel-
comen: ¢f a classificaton system tha: more cleariy defines
and d:agnoses leaning disabilities, condue: disorcders. and
azencen ceficit disorcers, and thelr interTeiasonshups. Such
e betot L pre:equ-.‘:ite to the delineaton of homogeneaus
susgrouns and e celineation of mors precise and reliable
cmzegies for Teatment remeciazon, and preventon that will

increase Lhe effecsveness of both resexrch and theraoy?

Within this contexs, the National Insdrute of Chiid Eezlth
and Fuman Development proceeded to develop requess for
applications for program projecss in 19833 Jearning disabibiry
research centers in 1987, and treatnentintesventuon research
projects in 1683, By way of background, the program project
research award is 3 Natonal Insdrutes of Health funding mecha-
nism thar can suppor: at least three discrete, yet closely related
and synergisdc, projects. The leaming disability research cen-
ters are funcded via specialized research center grants that pro-
vide supror: for both the syhergistc research projec:s and sup-
porong core serice projects. This type of mechanism is used to
sclate recearch in a givern field by encouraging collaboracve,
interdiecinlinary research.

In respense to the program projec: request for applications,
£ve zrogam projects were awarced by the Nanonal Inscrute of
Child Health and Euman Development The recpients were John
Derries and his research group at the University of Coloraco,
Frank Weed and tus team at the Bowman Gy School of Medi-
cine, Ferder Lubs and his colleagues at the University of Miami,

Eerren Sraywiz and his coilberniors & Yale Uruverzity and e
University of Housten (led by Jack Fieicher), anc AlberT Gals-
tuesda and Ris goup a2 Beth Ismae! Hespial and Famar? Univer
sizy. n response to the leamning disabilicy rese1Th cenler reques
fcr applicaccns, thres centers were esablched; cne 3t Jehns Bep-
)cns University under the leadership of Martha Dencklz, ancther 2
Yale University (also cireczed by Shawwiz) and cne & Uruversicy
¢f Colorado (also direcied by Defres) In response 1o the teal-
mentinterveadon reseath reques fcr soplaasens, one resea~<h
program was established a: Fiorida Suate Universiny under the
cirecton of Joseph Torgesen 2-nd one a2 the Unjversity of Keusien
led by Barbara Foorman Tnese longicudinal interventon studies
are in the beginning phases and daza are nct yet available.

A brief ovenview of the major goals and objecuves of the
Nadonal Insgrute of Child Eealth and Euman Develepment pro-
gram projects and leaming disability research centers is pro-
vided in the follovi:ing sections. Indivicual program projects
(Bowman Gray, Miark, a:.d_EeLh IsreelHarvard) will be semma:
rized first, followed by a review ol the research programs tha:
have been awarded a learning disabilicy research center (Johns
Eopkins) and both a program project and a leaming disabiliny
research center (Colorado and Yale). Tris overview will be [ol-
lowed by brief sections that provide a synthesis of the major dis-
coveries made by the research programs in targeted areas of
inquiry (ie, classification/definitior, reading and linguage
related processes, attention, gene:ics, neurophysiology/neu-
roimaging, and treatment/intervention). Readers should note
that comprehensive reviews of the goals and findings from each
of the projects and centers, writien by each of the prnciple
investigators and their research teams, can be found in Duane
and Gray,® Lvon et al,! Fletcher et al,’ and Lvon.*

TEE NATIONAL INSTITUTE OF CHILD EEALTH
AND HUMAN DEVELOPMENT RESEARCH PROGRAMS
IN LEARNING DISABILITIES

Program Projects .

Thne Eowmen Gray Frvgrém Frojec: is designed to study child-
hood reading disability, with an eye toward developing a defini-
tion and subgnyping system for dy-;lexiz.’ Within this context,
research studies have been, and continue to be, conducted to (1)
identifv an appropriate combination of measures in the first
grade that can define dyslexia and predic: reading performance
throughour the later grades; (2) determine whether atteation
deficit disorder has an independent impac: on reading develop-
ment and disorders; (3) develop the mos: powerful combinaton
of linguisde (eg, phonologic and naming) tasks that can be used
to chart the developmental course of reading and reading dis-
ability; (4) identify the efficacy of code-emphasis reading
approaches versus context-based reading approaches with well-
defined groups of reading-disabled children; (3) study regonal
cerebral blood flow and posizon-emission tomographic actva-
ton signarures thar are correlated with specific linguistic and
cognitve parameters in a3 unique sample of adult dysle:de:_f;. first
seen as children by June Orton, the wife of Samuel Torrey
Oron, a noted pioneer in the study of dyslexa; and (6) exter-
nally validate distincdons berween dyslexia and atendon deficit
diserder using event-related potengal ele'::."ophysiology. '



Tre Unive=ily ¢f Micmi Frogmam Project has complete
Is f_'*:. 5 years of invesUgatons o identfs inhesited subnpes ¢!
spesific cysiexa \-.z both bera+ioral genezc stucies anc geneuc
L.' 23e 2malyses, :.-d to futher chzractesize these subnypes by
rsvehephysical, beravicral, aac¢ new :roimaging siudies. Mcere
scecificaly, Lubs and his group have anempted o cefine the
ci-x.—cmosomal Jocazon of the severa!l genes thar produce avtese-
2zl deminandy inherited dysiexa Froject goals were adcéressed
through scientSe experiments in three major areas*: in the firs:
2res the Mizmi group destgned and concucted Lnkage stucies
to delineate the localion of. chromosomes anc chromosome
tands of several genes thar could be specifically related to a dif-
r

ferent phenonypic expression of dyslexia. In the second area ¢!
investigation, psychophysica! 2nd neuropsycho]ogical tasks

were acministered to dyslexic subjects to delineate informason’

processing and cognidve proﬁla that could be used to valicate
genedcally different subrypes In the third arez, mzgneZc resc-
r.ance imagzing and pesi Ton-emission tomographic studies were
ca~ied out in an atternpt to identify unique neurophysiclogic
signanures for dyslexdc subtypes.

The Beth Israel/Farvard Frogram Project has as a primary
goal the development of an understanding of the reladonships
besween subde abnormalities of brain development and specific
chil¢hood learning disabilifies to include dyslexiz The uldmate
goal of the research is to identify the causes of such neural
anomalies and thus the neurobiologic causes of learning disabili-
tes and dyslexia’® Within this contexy, Galaburda and his col-
leagues have sought to develop an animal mode!l of brain devel-
opment tha: provides a window on how corccal abnormalities
occur during ontogenesis and how such abnormalides affect

bahavior. Major effortss have aiso been deployed to delineate the.

cyicarchitecionic organizadon and the chemoarchitecionics of
those brzin regions implicated in developmental d).:siexia. In
addition, several inves:iigations are uncderway to specify

Errlesth “olog'c vanables responsitie for anatomic and behavioral

alies in human and-animal brain.

Tne Joans Fopkins Lecrning Discbility Resezrch Cenler
recresents a mulzdisciplinary research efior: designeZ to uncer
siand the neurocdevelopmental bases of leaming cisabilitles.
Dercikiz and her 2ssociates pursue this complex research task

ancmad

trough four major Lines of research?? In one projecs, the Johns
Fepkins group is anemptng to ciscover the causes of nonversal
leaning cisabilites via behaviagral, necropsrchological, and new

roimasng studies of learning<isabled individuals and individuals.

with nevrofipromatosis. A sezond projec:
the specirum and severity of social deficits in fermale children
who are he'.e:oi)'gous for the fragile X genedc anomaly and to
investgate the relatonship of these deficits to specific cognitive,
Lnguistc, and neuropsychological problems ebserved m learrung-
Csakied individuals without fragile X syndrome. A third line of
resexrch is designed to investigate the relationship between
Tourene syndrome and ariention deficit disorder using both
g2ne=c and neuropsychological procedures. The fourt: project

desigred o develop assessment methods wo differencaze betwesan
hard-io-remediare dysiexic children and children who respond to
zerventaon. This project is also designed to idencfy the most
powerlY prediciors of dyslexa and intervention approcaches that

* have a high probability of success with diszhled readers.

is designed to examune

The Celoreso Frogrmm Project has been cempesed ¢f feus
interrelared projects designed (1) w assess the
of reading disability, and, in paracular, the heuabilry o(: Ccno-
logic and orthographic skills; (2) o idenCfy he specific lanpuace
anc perceprtual skills tha: are cizcal for the development ¢f fic-
en: reading siills; (3) to determine whether reading disabilinyv is
anc (s
to concuct genedc linkage analyses to localize, ¥ pessible, spe
cEc genes implicated in the expression of reacing disahilipy 429
With the Coloracdo Lezrning Discdility Resecrech Center,
DeZries and his group extend the research cxried out in the Pro
gam Project by increasing sample sizes and developing creaz+e
behavioral genetic analytc methodologies 1o assess the genexc
and environmental edologies of deficient companen: phonalegic,
crthographic, réading skélls in reading disakility. Within this con-
tex, gene:i_c_li.nknge analysis is being empioved to search for
major genes and quant:ative trait loci that
abilities. In addition, a treatment/intervention projec: is being
conducted with 100 rwin pairs of disabled readers in 2n eSom Lo
discover rezding subrype/dimension by treatment interacdons.
Tne Yele University Progrem Project is designed to address
major quesdons related to the definidon, etology, developmental
course, and biologic/neurophysiologic bases for dyslexda ¢*9 The
Yale studies are unique in that they are being carmed out with the
largest longitudinal cohort of reading-disabled children in North
America As such, Shaywitz and his associates are condnuing to
obtain major findings that are not biased by the vagaries of
studying school-identified or clinic-referred samples. In Projec: }
of the Program Project, the langitudinal cohor is studied to iden-
tify (1) whether disdnct subtypes of dyslexia exsy; (2) whether

correlated with deSciencies tn the Lhmunolcgc systemy

influence leaming =

‘subtypes are swable over time; (3) whether dyvslexia consatutes a

developmental lag versus a fixed deficit in reading, neurolinguis
tc, and cognitive skills; (4) whether deficits in single-word read-
ing are ariributable to a combination of deficits in phonologic
and orthographic processes; and (5) whether posidve or negatve
outcomes of dyslexda are asscciated with seciodemographic fac-
tors, the nature and severity of the reading disability, comarbid-
icy, and self-esteem. :

In Projec: 2, 2 well-defined group of children with early lan-
guage disorders is studied to assess the development of reading-
related language skills (eg, phonologic awareness) and to deter-
mune how pardcular early language impairments relate to the
emergence of different types of reading disability. In Project 3,
dyslexic, mathematdcs-disabled, and nondisabled boys and girls
are followed and studied as they pass through puberty in order
to assess the elfects of specific endocrinologic influences on
reading, cognitive, and neurolinguistc skills. Finally, in Project 4
of the Program Project, the Yale group is employing state-of-the-
ant funcdonal magnetic resonance neuroimaging technology to

examine brain structures and brain functocns in well-defined _

graups of dyslexic children as the children carry ocut tasks
designed to assess reading, phonologic awareness, orthagraphic
decision making, and phonologic decision-making skdlls.

The Yale University Learning Disabdility Research Center
has bean charged with the complex task of developing a compre-
hensive classificaton system for the range of common disorders
thar can influence school performance. A major focus of the Cen-
ter is the development of a classification system for children with



amenccn and cpposivenzlconduc: disorders with and withcut
leaming disabilities. Irladdition, ene large project within Qe
Center is tasked with the condnued inCezth epidemiclogic study
¢f 414 reading<isatied children, now entering the ninlh grade,
wio were ongnally identified during kKindergasten This ongeing
invesTzaten coninues 1o provide data relewant 19 the sabiliny

[y 2o

MAJOPR FINDINGS AND CONCLUSIONS

A number of independent and replicated discoveries relevant to
lezming dicabilices in genera!, and dyslexia in parfcular, have
teen obtained through the research efforts at eagh of the
National Institute of Child Kealth and Kuman Development's
program projects and leaming disability research centers, 2s
well as through the Stanovich and Siegel researcn programs at
the Ontario Institute for Studies in Education funded by the
Canadian government. It should be noted here that the Ontasio
group is collaborating with the Yale Learning Disabilities
Research Center in selected studies of reading disabilities.
Selected imporant discoveries are highlighted in Table | and
descriped according to méjor domains of study, major findings
obtained, and the group of scientists responsible for the
research. References are provided for each of the major find-
ings. Eowever, due to limitations in the number of references
that could be used for this paper, readers are encouraged to
peruse the edited sources cited for an overview of the research,
2n analysis of other imporant discoveries, and citations for the
specific findings reported in Table 1.

£As can be seen in Table 1, a number of major discoveries
have been made, particularly in reference to the epidemiology of
Cvslexia and the identification of the core linguisuic geficits
ctserved in dvslexia. In turn, these findings have led to the
cevelopmen: of tasks and measures that can be used with

reszhool and f.."s:-g:-.xde‘cl"ild:en to predict the onse! of reac-
ing disabilites during the primary grades. As Table ] further
indicates, I the predicon leads to early interventon before the
third grade, the learning-disabled child has a much greater
chance of developing appropriate reading skills. If reading-cis-
aoled children are not identdfied untl the third grade or beyonc,
the majonity (73%) will continue to manifest reading deficits
throughout their school and aduwlt years.

Excidng new developments in neuroimaging and geneucs
are presented in Table 1 and clearly reinforce the hypothesis
that reading and other learning disabilides have a biologic basis.
Eowever, ongoing trearment/intervention srudies demonst=ate
that learning-disabled children can improve their language, read-
ing, and wntten language abilities if the appropriate teaching
rmethodology is emploved.

FUTURE RESEARCH DIRECTIONS IN
LEARNING DISABILITIES

In acdditon to the research initatives and programs descnibed
aZove, the Naconal Insstute of Child Health and Euman Devel-
ccment is developing and expanding programs and plans in the
area of reacmentinterventon for learning-disabled children and
In the arex of cognitive neuroscience and neuroimaging. Each of
Lrese arezs of inquiry are described briefly.

Treaczoent/loterventon

FPeview af the literarure relared wo reading disabiices ancd clher
leaming cicabilites indiclies tha: ro single easmentinterenzcn
2-proach cr method is likely to yield clinicaly signifcany leng:
tesT, therapertc gains with children dagnesed with leamung ds
abilices = Urferrunately, o date, there exais scan! scenshc sup
por: for the tse ©f partcular intenvenlcns ¢ combinziens ¢f
interventons with different types of lexming disadiines. Eazause
cf tis, the Nadonal Insttute of Child Kealth and Heman Develop-
ment has recendy launched a majer resez-ch efler o determine
which treacnent methods or combinacons of methods, provicded
in which settng, have the most eflective impaci on weli<efined

.domains of child funcZorning, for how long. and for wha: reascns

" Within this contexz. two highly conzolled and welldesigned long-

tudina! prospective intervention siudies with learmning-¢isabied
children are now being supporied a: the Fiosida Sute Universiny
under the direcgon o!-jpseph Torgesen and 2: the Universicy of
Houston under the direction of Barbara Foermor. Add:donal wea:-
ment/interventon initiatives are being planned a: this orme.

Cognitive Neuroscience and Neuroimaging

There exdsts a cridcal need to undersianc how the human brain
is organized for complex behaviors and to know more specifi-
cally how the child with learning disabilities and the normal
learner differ with respect to central nervous system function-

“i.ng. In addidon, it is important for us to understand how such

physiologic and neurocanatomic differences are related to
indices of heritability and environmenta! influences. Our abibry
to assess brain-behavior relationships in an accurate, ye! nomn-
vasive, manner is improving significanty as we begin to employ
dramatic new advances in neuroimaging technology. For
insiance, the Shaywitz group at Yale is moving forward with the
applicaton of funcdonal magnetic resonance imaging studies
with reading-disabled and normal children. In addition, Allen
Feiss and his colleagues at Johns Hopkens are designing imagng
scftware that will allow different sites to compare neuroimaging
dan and determine how bes: to register furcnonal brain infor-
macon with scuctural brain informacorn. These projects, as well
as initatves being planned, should serve to provide the empiri-
cal foundadon necessary not only (o undersiand the limits of
individual variability in brain soucrure and funcdon but to icden-
afy the neurcbiologic underpinnings of learning disabilides.

SUMMARY

The Nadonal Insdtute of Child Health and Human Development
has been, and will continue to be, responsive to the critical
research needs in learning disabilides and related disorders. As an
index of the heightened re.se:uc.'x'ac'.iviry in this arena. consider
that Nadonal Insttute of Child Health and Human Development's
suppors for projects related to learning and language disabilies
has increased from 1.75 million dollars in 19735 to over 15 million
dollars in 1993 —2a cumulative total of approximately 80 million
dollars. Given the significant discoverig’s made by the program
projects, learning disability research centers, and individual
research grants supported through these increases, the money
ciearly has been well spent. Within the pas: 10 years, Nadonal
Instrute of Child Health and Human Development re<earch pro-
grams have identified the major cognitive mechanisms underlying



Table 1. Major Findings Frem NICHHD-Supperied Research Programs

Fesearch Dcmain

Fincings

Researzh Grour

Lefliniticn cf
learning
cdizabilities

‘reaZing anc
larguage-related
precesses

ATenticn

Neurpanatomy,

neurachysiclcgy,

neuroimaging

Intervention

A cefiniticn mus: be cevelcged within @ longiiucinal cevelczsmental
perszective unbiaseZ by a priori assumzlucns refiected in current
definitions &7

Exclusionary definitions using discrepancy critesia agrear irvalid,
panicularly inthe area cf basic reading skills. '3

Reacing Cisabilities aHec: at teas: 10 millicn chilcren in the United States

Enicemiclegic studies indicate as many females as males manitest Cyslexia;
however, schoals identity four times as many boys as girls.244"

o &t

Feading disabilities reflec: a persisient ceficit rather than a developmental lag.
Longitudinal studies show that of those children who are reading disablec in
the third grade, approximately 74% remain disabled in the ninth grade.»' 1%

Distinguishing between cdisabled readers with and without an 1Q-achievement
discrepancy appears invalic. Children with and withcut discreparcies shew
similar informaticn processing, genezic, ardd neurcphysiologic profiles.'>*’

Children with reading disability differ Irom one ancther and frem other readers
along a continuous disiribution. Tney do nor aggregate together -] (crm H
distinc: “hump” segarate from the normal distribution )-'° R
r

The ability to read and comprehend depends on rapid and automatic recognition
and decoding of single words. Slow and inaczurate decoding are the best
predictors of deficits in reading comprehensian 1343712

The ability to decode single words accurately and fluently is dependent on the
ahility to segment words and syllables into phonemes. Deficits in phonologic
awareness reflec: the core deficit in dyslexia 5.1

The bes: predicior of reading ability from kindergarten and first-grade
periormance is phonemne segmentation ability.?

A precise classification of disorders of astention’is not yet available.

A classification methadology that assesses internal and external validity of
dimensional and categorical models must be applied to this issue.™*

Cisorders of attentian and reacing disability often coexist, but the two disorders
are distinct and separable.**?

Disorders of attention occur more frequently and exacerbate the severity and
cognitive morbidity of reading disabilities. Eezause disorders of antention
and reacding disabilities cfien co-cccur, more males are typically identified
as reacding disabled. spuricusly inflating the sex ratio in favor of males.’?

A (nuln'ple regression procezure has been develcced that allows for the
analysis of the genetic etiology af incivicual differences in companent
language ancd reacing skills. This methccology can assess ditferential genetic
and environmental effects. ‘-

There is strong evicence for genetic etiology of reading disabilities, with deficits
in phonologic awareness reflecting the greates: cegres of heritability 31
Thnere appears to be at leas: one type of reacing cisability that can be linked to
the HLA region of chromosome 6, refleziing a pcssible assceiation with

autoimmune disorders. 31

Several types of brain pathology, including micredysgenesis ectopias), cell loss,
and abnormalities of the corpus callosum are presentin 3 number of strains
of mice. There is a similarity between the brain lesions seen in the mouse
mode! and in humans with dysiexia 39 )

At the microscopic level, atypical neural crganizazicn in dyslexlc individuals is
suggested by atsence of the normal lefi-greater-than-right asymmetry in the
region of the pasterior temporal glanum.??

The phenotypic expression in Cyslexia is related to anomalous organization
of tissue andprocg;smg sysiems-subeerved withm the posterior left
hemisphere.’?

Regicnal blcod studies indicate that deficiency in word recognition skills is
associated with less-than-aormal activation in the lek temparal region.$?

PET studies incicate that dyslexic adults have greater-than-normal activation
in the oczipital and prefrontal regions of the ccriex.™?

Disakbled readers do not reacily acquire the alphatetic code due to deficits in
phonologic processing. Thus, disabled readers must be provided highly
siruciured programs that explicitly teach application of phonologic rules
to print.}*

Longitudinal data indicate that systematic phanics instruction results in mare
favorable outcomes for disabled readers than does a context- emphas:s
{whole-language) approach.’?
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¢-slexta and cme'le:. ing dicabilives and how the assessment ¢f
these mechanists can Relp to predict the onsel, developmental
ccurse, and outcomes of such disorcders. Moreover, sTiensss sup-
poried by the Nauonal Institute of Child Eealth and Euman
Developmert have contibuted substandally 1o an undersuanding
_clhow genes, the brain, and the environment interacs to procuce
- individual vaniadens in leamning. Given this knowledge, we 2re
hopeful that the newly funded treatment/intervention projects
will previde guidance with respect to amelioratng the devasiazsng
efec:s of leamning disabilides cn both children and adults.
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Wanted: Teachers with knowledge of
language

Research on the nature of reading and spelling disability (dyslexia) iodicates unequivecally that most dyslexic
individuals do not process language accurately or fluently at the level of phonology and that they may experi-
ence disorders in syntax and semantics as well. Simuluneously. intervention research clearly demonstrates that
individuals who are aught lanzuage structure explicitly progress more readily than those who are not. Given the
consistency of research findings, the paucity of teachers skilled in teaching language :.\pliciu_vfo dyslexic chil-
dren is of more concern than ever. Surveys of teacher knowledzge, reviews of the literaturs en tzacher education,
and policy statements indicate that many teachers are underprepared to teach language content and processes to
children whose learning problems are language based. Even motivated and expenienced teachers typically un-
derstand too little about spoken and wnitten language swructure to be able to provide sufficient instruction in these
areas. A new approach to teacher education is nezded thatemphasizes the imponance of language knowledge for
literacy instruction, as well as its skilled application to instructional planning. Key words: dvslevia. lunguage.

literucy. 1eacher education
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S EVIDENCE mounts that reading and
spelling disability (dyslexia) origi-

nates from insufficient language processing
capability, the need for language-focused
instruction for the millions of children with
insufficient reading skills is an increasingly
urgent problem. Formally trained language
clinicians typically are unable to assume
primary responsibility for the instructional
needs of dysiexic children, who need teach-
ing throughout the dayv that integrates both
oral and written language. Conversely,
teachers of reading. classroom teachers, and
special educators are often lacking the depth
of language knowledge necessary for effec-
tive reading and writing instruction with
dyslexics. Although research continues to
document that basic language processes are
deficient in cases of reading failure, such re-
search is unlikely to influence literacy edu-
cation unless large numbers of classroom
teachers. reading specialists, and leamning
specialists can interpret and apply it. The
common ground on which to build profes-
sional training across disciplines is knowl-

Tup Luny Disord 1996:1602).75~36
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edge of language structure and the prin-
ciples of language leamning. Such knowl-
edge is critical 1o intervention with children
and adults with dyslexia.

DYSLEXIA IS A DISORDER OF
LANGUAGE

The community of reading researchars
has rzached consensus that most reading
and spelling disabilities originate with a
specific impairment of language processing,
not with general visual perceptual deficuts,
inability to construct meaning from context,
or other morz general problems with atten-
tion or mzmory (Adams, 1990; Goswami &
Bryant, 1990; Gough, Ehri, & Treiman,
1992; Stanovich & Sizgel, 1994; Vellutino.
Scanlon. & Tanzman, 1994). Dyslexic stu-
dants, those who constitute the large major-
ity of those identified as having learning
disabilities (Lvon, 1993). are unable to pro-
cess efficientls and accurately the phono-
logicaf buildine blocks of language and the
units of print that-represent them (Rack,
Saowlinz. & Olsor, 1992). Although many
of thesz wih rzading disabilities-demon-
siratz vanving éagrazs of deficit in semantc
and syntactic processing (Gillon & Dodd,
1993, Scarborough, 1990), most people
with reading disability demonstrate a core
deficit in phonological processing (Bryant
& Bradley. 1983, DeFries, Olson,
Pennington, & Smith, 1991; Ehri, 1993;
Felton & Wood. 1989; Goswami & Bryant,
1990; Liberman & Shankweiler, 1983:;
Shaywitz, Fletcher, & Shaywitz, 1993;
Stanovich & Siegel, 1994; Wagner &
Torgesen, 1957; Vellutino et al., 1994).

Although phonological processing en-
compasses a number of linguistic skills
(Caus. this issue), the most researched char-

1996

acteristic is a lack of phonemic awareness.
that is, lack of explicit awareness of the pho-
neme constituents of words. Phonemic
awareness is measured by performance on a
variety of tasks, including phoneme count-
ing (e.g.. “How many.sounds are in box?").
phoneme identification (e.g., "What is the
last sound in cab?”), phoneme matching
(e.g., identifying words that end with the
same sound), phoneme reversal (e.g.. say
Sunny backwards), and phoneme deletion
(e.g., “"Say smack without the /m/™.) Al-
though leamning to read enhances phonemic
awareness, this linguistic skill is distinct
from phonic knowledge and reading ability.
Importantly, it can be measured and taught
without reference to written language sym-
bols.

Many beginning readers and most chil-
dren with dyslexia or specific reading dis-
ability have significant difficulty on such
tasks (Adams, 1990). In addition, children
with specific spelling disability, possibly a
milder form of dyslexia, also show deficits
on tests of phoneme awareness and mea-
sures of phonetic spelling accuracy (Gos-
wami, 1992, Lindamood, 1994; Moats.
1995; Tangel & Blachman, 1994). Insuffi-
cient phonological processing ability results
in an incomplete and degraded phonological
template on which to link associations to an
alphabetic writing system. To be a skilled
reader, one needs to appreciate that words
are made up of individual speech sounds
that are more or less represented by letters.
Explicit awareness of speech sounds allows

.the.accurate and complete match of symbols

to sounds during the encoding of printed
words.

A second area of limited structural aware-
ness for the beginning or poor reader/speller
is appreciation of the morphemic structure

of words (
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of words (Henry, 1993; Moats & Smith,
1992; Templeton, 1992). These units of
sound and meaning, of course, may be
whole words with one or more syllables
(e.g., foot, finger) or may be parts of words
(e.g., ac+com+mod+ate, un+reach+able,
medic+al). Awareness of the morphemes in
words facilitates both reading and spelling,
and not only for the advanced reader. For
example, beginning writers and poor spell-
ers often spell inflections, especially plurals
and past tense forms, as they sound (e.g.,
dogz, wakt), before they have grasped the
plural concept represented by the consistent
spelling s or the past tense concept repre-
sented by the consistent spelling ed. Funther,
to progress to more advanced stages of read-
ing and spelling. the leamer must become
aware that the spelling of meaningful word
parts often stays constant even when pro-
nunciation changes from one word form to
another, as in credible and credulous. com-
pere and competrition, resizn and resigna-
rion. define and definition.

EFFECTIVE INSTRUCTION
TEACHES THE STRUCTLURE OF
LANGUAGE

Theoretical. experimental. and clinical
evidence points to the necessity of helping
unskilled readers and spellers acquire ex-
plicit knowledge of language structure. be-
einning with phonemic awareness. so that
alphabetic print can be deciphered. If chil-
dren are lacking in phonological skills, they
can be taught direcily as a precursor to.and
along with instruction in letter-sound rela-
tionships (Ball & Blachman. 1991; Bryant &
Bradley, 1983; Yopp. 1992). Kinderganen.
earlv elementary. and remedial classes nesd
to incorporate direct instruction in phono-

Teachers with Knowiedge of Languaze
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logical skills in order to give children the
linguistic foundation to become skilled
readers and spellers (Brady, Fowler, Stone.
& Winbury, 1994), and students with severe
deficits benefit from explicit. intense in-
struction in phonology no matter what their
age (Alexander, Andersen, Heilman,
Voeller, & Torgesen, 1991; Truch. 1994).
A related key finding in reading research
is the importance of code-emphasis instruc-
tion for students who do not automatically
leamn to read and spell. Although a full dis-
cussion of the methods debate in reading
education is beyond the scope of this article,
two points nezd+o be made: (1) inclusion of
code-based instruction does not preclude
well-designed instruction in comprehen-
sion, and (2) code-based instruction is not
necessarily the “phonics™ of old that was
largely workbook oriented. When it is skill-
fully implemented by a knowledgeable
teacher, systematic code instruction is most
effective for beginning and for problem
readers (e.g.. sez Adams & Bruck. 1993;
Chall. 1989, Liberman & Liberman. 1990:
Mather. 1992: and Williams. 1987, for
thoughtful. comprehensive reviews of the
evidence). “Skillful implementation™ as-
sumes the integration of decoding skills into
meaningful contexts. with eventual empha-
sis on higher-level reasoning. Effective in-
struction for beginning and for problem
readers initially emphasizes phonemes. on-
sets and nmes. and syllables and how they
are represented in the wntng svstem (l.e..
spelling-sound rules. syllable patterns). On-
sets and rimes are subsyllabic units interme-
diate between phonemes and syllables. The
onset of a svllable is the initial consonant or
consonant cluster, and the rime is the vowel
plus any consonants that follow (e.g.. dr +
ink). Sez Treiman (1991) for the role of
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these units in reading and spelling dcquisi-
tion. As students are ready. effective in-
struction tzachas the meaningful units (mor-
phemes) and their spelling pattens. These
word-level skills in tum become pant of o
broader focus on language structure at the
sentence, paragraph. and discourse levels as
students progress.
~ Even more specifically. there is evidence
" that dyslexic students are confused by some
linguistic constructions more than others,
and not all aspects of phonology, morphol-
ogy. semantics, and syntax are equally prob-
lematic. For example, spelling error re-
search that examines the confusions of
dyslexic students at older ages indicates that
plural and past tense inflections, unaccented
vowels in multisyllable words, and the
spallings of liquids /1’ and /r/ after vowels
account for a high number of persistent er-
rors (Bailet, 1990 Moats, 1995). Teachers
charged with remediating or treating dys-
lexia myst first be able to recognize such
specific linguistic problems before inter-
venuons can address such problems directly
and svsternatically (Lindamood. 1994).
Cenainly, knowledge of the structure of
language and the alphabetic writing system
‘that represents it is not all that teachers must
know in order to teach reading well. Never-
theless, given the evidence such as that cited
above, it is critical that teachers have this
knowledge to address the needs of dyslexic
children. The informed teacher will be able to
interpret errors, present linguistic concepts
accurately and with appropriate examples,
and relate spoken to written-tanguage. Un-
ambiguous presentation of information for
the poor reader in turn requires the teacher to
be familiar with phonology, phoneme-
erapheme correspondences, the organization
of the spelling system and otherlevels of lan-

guage structure. Are we currently requinng
12achers to have such a command of their
language and how to teach it? Both indirect
and direct evidence regarding teacher train-
ing sugeests that we are not.

THE CURRENT STATE OF
TEACHER PREPARATION

Poorly conceived and inadequate
requirements

The insufficiency of teacher education in
the area of reading and leaming disabilities
has been discussed elsewhere in general
terms. Nolen, McCutchen, and Berfiinger
(1990), for example, concluded after survey-
ing general teacher preparation in reading
and writing instruction that program re-
quirements and state centification standards
must be upgraded nationwide. Teachers
could not, in their estimation, be prepared to
meet the diverse needs of students who are
at risk for reading/writing failure on the ba-
sis of current, minimal requirements in lit-
eracy education, which range from no
course work in reading to an average of
three to six credit hours. In some states, spe-
cial educators are not even required to take
courses in reading, and in most, no courses
in language study are required for any disci-
pline outside spesch and language pathol-
ogy, where a minimum of 40 to 80 course
hours in language acquisition and 80 more
course hours in language disabilities plus
practicum are necessary.

A recent survey of several hundred learn-
ing specialists in one midwestern state sug-
gests the gaps that may exist between the
content knowledge held by leaming special-
ists and the language knowledge needed for
teaching reading and writing (Kavale &
Resse, 1991). Although 73% acknowledged
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that reading was the basic problem in most
students categorized as learning disabled
(LD), only 22% attributed the core deficit to
linguistic processing. Endorsements of
vague terms for the underlying nature of
reading/leamning disability included prob-
lems with “information processing.” “mem-
ory,” “attention,” and “faulty leamning strat-
egies.” Funther, teachers surveyed believed
we should teach to strengths, notdeficits, and
that teachers should enhance leaming strate-
gies, but a specific orientation toward lan-
guage-based remediation for children with
language-based deficits was not endorsed.
As one might expect, the beliefs and prac-
tices of professors and other experts seem to
reflect teachers’ beliefs. Reynolds, Wang,
and Walberz (1992) surveved a broad field
of over 100 “expents™ in leaming disabili-
ties, including university faculty, to deter-
mine by consensus the requisite knowledge
and skills that should distinguish teachers of
children with leaming handicaps. The most
imporant aspects of remedial tzaching val-

“ued by the expernts consulted included such

procedural basics as time on task. time spent
in direct instruction on basic academic
skills. provision of direct feedback. appro-
priate error correction, monitoring of task
difficulty, and individualization. Although
these principles of instruction are cerainly
impornant and constitute some of the “good
teaching™ skills necessary for success, mas-
tery of structural language elements (pho-
nemes, syllables. morphemes). the way they
are represented in print. and how children

leamn -them were not destgnated as critcal:

for teacher competence. It is thus easy to sez
why teachers may obtain certification with-
out acquiring knowledge of the lunguage

“content and processes critical to reading and

spelling acquisition.
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Diffuse, nonspecific expectations for
competency

Encouraging this lack of content specific-
ity are the noncategornical centification prac-
tices-of more than haif the states in the Unitad
States. Teachers take threz-hour courses
such as “Teaching Students with Learning
Problems™ rather than specific and more ex-
tensive courses on the remediation of reading
disability (Cranston-Gringas & Mauser,
1992). Admittedly, categorical training pro-
grams giving centificates in leaming disabili-
ties and other handicaps have notbeen shown
to benefit childggn with handicapping condi-
tions more than noncategorical preparation
(Marston. 1987); however, their content may
be no more specific than that of the general
certification programs. Cerntificate programs
in learning disabilities, and often in reading.
usually donotrequire teachers tobe versed in
language structure or the way print corre-
sponds to speech. At przsent. motivated
teachers are often left to obrain specific skills
in teaching phonetics. phenics. word struc-
ture. and other language skills on their own
by seeking out workshops or specialized in-
structional manuals.

Professional organizations such as the In-
ternational Reading Association (Interna-
tonual Reading Association. 1978) and the
Division for Learning Disabilities of the
Council for Exceptional Children have is-
sued competency lists for teachers of chil-
dren with reading/spelling difficulty to
guide professional preparation, but these
seem to contribute to the diffusion of
teacher education. These lists usually in-
clude. among many other skills, the expec-
tation that teachers have an overview of lan-
cuage development and language disorders.
but not its specific relationships to readiny.
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spelling. and writing. Typically there 1s no
designated level of competence in knowl-
edge of oral and written language itself. Fur-
ther, the lists of €eompetancies are so exten-
sive as to discourage intensive focus and
study in depth (Anderson. Heibert, Scott. &
Wilkinson. 1983). The level of lunguage
knowledge necessary for teaching a person
with language processing difficulties, how-
ever, exceads what can be leamed from ca-
‘sual or cursory training.

Teacher surveys

Surveys of teachers’ perceptions of the
strengths and weaknesses of their under-
graduate and graduate education programs
rzveal a disconcerting and somewhat em-
barrassing arrav of findings. For example,
Lvon, Vaasen. and Toomey (1989) asked
430 teachers (230 regular educators and 190
special educators) in grades one through
seven about the effectiveness of the training
procrams from which they graduated.
Teachezrs responding to the survey repre-
sentad thres New England states, four
midwester siatzs, and three southeastem
statas. In general. only 20% of regular edu-
cators and 10% of special educators felt
they had had adequate content preparation
in reading and reading instruction. In addi-
tion, only 2% of regular educators and 6%
of special educators reponted that they were
provided teaching experiences with diverse
croups of learners during their training. Re-
gardiess of the type of teaching experience
provided duning student teaching, only 16%
of the regular educators and 20% of the spe-
cial educators reported that they received
systematic and frequent feedback regarding
their instructional practices.

Two additional findings provide some
further indication of why general and spe-

cial education t2achers feel underpreparad
to address individual learning differences in
reading and content areas. First, an alarming
finding was that less than 10% of regular
educators and special educators had ever
observed their professors of education
model and demonstrate different teaching
methods with children with different leam-
ing needs. Second, less than 5% of teachers
surveyed could ever recall that theories pra-
sented 1n undergraduate and graduate edu-
cation courses were explicitly and directly
linked via demonstration and modeling 1o
the development and use of teaching meth-
ods for reading and other content areas.

The discovery that teachers are routinely
presented theories of leaming and teaching
in an isolated and decontextualized manner,
rarely have the opporiunity to cbserve and
model master teachers in instructional sat-
tings. and rarely receive direct and explicit
feedback for their teaching practices vie-
lates every known principle of how pzople
learn and generalize complex information.
Unfortunately, it is unlikely that thesa
trends In teacher praparation practices wili
abate given the culturz of madiocrity and in-
difference that exists in many collzges of
education.

Direct measures of language knowledge

Another major impediment to teacher ef-
fectiveness 1s inadequate knowledge of ths
structure of language. Teacher knowledge
of phonetics, phonology, marphology.
phonics, and the organization of the spelling
system of English is surprisingly low even
in experienced teachers of literacy (Moats,
1994b). Contrary to expectation, teachers
do not naturally develop explicit awareness
of spoken language structure and its rela-
uonship to writing just because they them-
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selves are literate or because they are teach-
ers of reading. In fact, the acquisition of ex-
plicit linguistic awareness useful in teaching
challenges many adults even though they
themselves had no pronounced difficulty
learning to read. A survey given at the out-
set of a series of teachers’ classes has shed
some light on the reasons why.

The information about teachers’ knowl-
edge of language has bezn obtained from a
survey given to over 100 teachers in seven
groups at the first meeting of a course en-
titled “Reading, Spelling. and Phonology.”
The survey was designed to assess the
knowledge teachers have of speech sounds
and syllables, correspondence between
sounds and symbols, concepts of language
organization, and presence of morphemic
units in words. The survey assessed the
specificity and depth of teachers™ knowl-
edge. in order to reveal misconceptions or
unfocused concepts as well as outright ab-
sence of information. The course the teach-
ers were entering wus designed to teach this
material, and by the conclusion of the class.
most students had mastered it at a saustac-
tory level. The test is presented in the box
entitled “Informal Survey of Linguistic
Knowledge."”

The 105 teachers surveved were adiverse
group. educated at a variety of colleges und
graduate schools and experienced in class-
room teaching. Thev included—in approxi-
mately equal distnbution—reading teach-
ers. classroom teachers, special education
teachers, speech-language patholagists.
classroom teaching assistants, and graduate
students. The average length of ume in
teaching was five veurs. with a range of zero
to 20 vears of experience. Subjects reported
that they were. or were going (o be, respon-
sible for teaching language. writing. or read-
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ing to students from kinderganen to adult-
hood. Because this course was not required
for certification but was taken out of inter-
est, these teachers were among the more
motivated and informed of professionals,
and the results of the survey may therefore
be overly optimistic as a reflection of teach-
ers’ knowledge in general.

This test revealed insufficiently devel-
oped concepts about language and perva-
sive conceptual weaknesses in the very
skills that are needed for direct, systematic,
language-focused reading instruction, such
as the ability to count phonemes and to iden-
tify phonic relationships (see the box en-
titled “Teacher Survey of Language Knowl-
edge: Items on Which Less Than One Third
of 103 Teachers Were Proficient”).

Terminology

Descriptive terminology about morphol-
oev, such as inflection and derivation was
foreign. as was the distinction betwesn a
compound and an affixed word form.

- Teachers werz unawarz of the difference
betwesn phonetics. phonology, and phon-
ics. and although thev had heard of phono-
logical awareness, they themselves were
tvpically unsure of the identity or number of
component phonemes in words. Many sub-
Jects were unsure of what was meant by the
term spez2ch sound or phoname. as they be-
lieved that letters were equivalent to speech
sounds.

Phonic knowledge

The term pfionics refers 1o the predictable
correspondences benwesn phonemes (speech
sounds) and graphemes (letters and letter
combinations that represent speech sounds)
in our written language. It does notreferto a
particular teaching method. Knowledge of
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Informal Sﬁrvey of Linguistic Knowledge

(Answers are shown in italics.)
1. From the list below, find an example of each of the following: '~ Answers

W

inflected verb impeached
compound noun - -scarecrow
bound root phanograph
derivational suffix nameless

scarecrow nameless terrible phonograph
impeached 1ables weakly

. Foreach word on the left, determine the number of syllables and the number of morphemes:
Syllables Morphemes
salamander _ 4 1
crocodile 3 1
attached 2 3
unbelievable 5 3 -
fingar 2 )
pies 1 2
gardener 3 2
psvchometrics 4 3
. How many speech sounds are in the following words?
ox 3
boil 3
king 3
tFank 4
straignt 5
shott 3
though 2
precicus 6
. What ts the third speech sound in each of the following words?
boyfrniend /f/ prayer lel
thank-you g/ higher It orlyl
squabble fwil chalk I/
educate 1yl or Iyw witcheraft el
stoed ol badger 1y
. Underline the schwa vowels:

gbour melody sofa ¢ffecr difficulr definitign

. Underline the consonant blends:

doubt known first pumpkin squawk scrarch

. Underline the consonarit digraphs: -

wholesale psychic doubt wrap daughter think

. When is a ck used in spelling?

immediately after a shori, stressed vowel

continues

e e h e e e a8 e e ..

Continued

9. What I¢

e

10. List all

: c,

11. List all

c.

12. Whata

oper, €

13. When ¢

When c

excep! -

14. How ¢z

presen:

combir:

15. Accour

The fir.
mit.

Reprinted
language. A

phonics was
about 10% to
consistently
written word
ample, that
thought the 1.
wereblendst

Teacher !

1dentificati
Identificati
Identificati
Identificati
Accurate ¢
Knowledg:
Knowledgt
Identificati

Identificati
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Continued

- 5. What letters signal that a g is pronounced /j/?
e iy
3 ' 10. List all the ways you can think of to spell “long a™:
ed a, ai, ae, ey, av. eigh .
R 11. List all the ways you can think of to spell 7k ; .
eph c. k. ¢k, ch {Note: qu and x also correspond 1o liaw!-and 1ks!) =
— 12. What are six common syllable tvpes in English? "
open. closed, r controlled, vowel ream, silent e, consonant le:
i 13. When adding a suffix to a word ending with y, what is the rule?
21 morphemes: When a root word ends in a'y preceded by a consonant, change y 10 i wher. adding a suffix
except -ing. If the roor word ends in a 'y preceded by a vosel, just add the suffix.
14. How can you recognize a word of Greek origin?
presence of y for (1] as in gvm, ch for (k] as in chorus. ph for [f] as in sphere. or a Greek
combining form such as psych+ology .
. Account for double at in comment or conuninnent.
The first m closes the syllable to make it short; com (s a Latin morpheme as are ment and

mait.

-Reprinted with permission from Moats, L.C. (1994). Knowledze of the structure of spoken and written
lunguage. Annals of Dyslexia, 44, 81-102.

phonics was surprisingly weak. Typically,  arepresentation of a spoken consonant clus-
' about 10% to 20% of all subjects tested could ter was not differentiated from the occur-

cONnnLes

consistentlv identify consonant blends in
written words. Although they knew, for ex-
ample. that s/r was a blend. many also
thought the rch in strerch and the br in doub:
were blends because the conceptof ablend as

rence of consonant letters adjacent in spell-
ing. Almost no one In anyv group could
reliably identify a consonant digraph. Less
than half of those tested could identify the
reduced vowel scimwva consistently. Only

Teacher Survey of Language Knowledge: Items on Which Less Than One Third
of 103 Teachers Vere Proficient

[dentification of an intlecticn such as ed in insrrucred
Identification of the number of morphemes in common words such as relevision
Identification of consonant blends in printed words
- Identification of consonant digraphs in written ‘words
Accurate counting of number of phenemes in ox. precious. and thank
Knowledge of six basic syllable types
Knowledge of spelling rules such as “change v to 7~ or why a letter is doubled
. Identification of word forms and spellings originating from Greek
Identification of the third speech sound in words such as thank. educate. squabble. and higher
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30% could explain when ¢k was used in
spelling. .

Phoneme and morphemc awareness

At the level of morph2inz structure. only
27% of subjects werz ablz to identify the
component morphemas of transparent
words. Many tzachers remarked they had
never been asked to analyze words at this
level. Words with an indirect relationship
berween spelling and speech sounds werz
panticularly difficult on the phoneme count-
ing and phoneme identification tasks. For
example, only 25% of this group knaw that
the word ox conuains three speech sounds,
although it has only two letters (x corre-
sponds to /k/+/s/).

Additional examples of the confusion be-
tween speech sounds and symbols were
elicited by words whose spellings do not
correspond dirzctly to their speech sound
constitugnts. In these items, when teachers
were asked about the identity of specific
spesch sounds. the presence of the nasal /g,
the clides /w/ and /y/, and the fricative /2
were typically not recognized when the
spellings of words obscured their presence.
The spelling of words with silent letters,
such as comb, calm, and folk, and spelling of
words with doubled letters, such as accom-
modate, also elicit confusion about what
sounds really are in the word.

Interpretation of the survey results

As the data suggest, teachers who are ljt-
erate and expernienced generally have an in-
sufficient grasp of spoken and written lan-
guage structure to teach it explicitly to those
with reading’/spelling difficulties. Usually
teachers are not trained or required to have
such knowledge to be cenified. Funther, the

errors of adult literacy educators on tasks
such as those reporied here indicate that ex-
plicit knowledge of speech-to-print rela-
tionships is not leamned through incidental
exposure. ’ -

There is also evidence (Lindamood, 1994)

that complete and explicit awareness of pho-
nemes in syllables is an underdeveloped
matalinguistic skill in many people, even
speach-language pathologists, although they
have learmed to read. About one third of the
average adults Lindamood tested had trouble
identifying what phonemes had changed
when a spoken syllable like lisp was changed
to/ips. She also reported thatcollege students
who had trouble comparing the speech
sounds in words were those who tended to
have graater difficulty with spelling. Thus,
many average adults may have acquired lin-
cuistic awareness sufficient for their own
rzading developmentthat is not sufficient for
teacning language elements directly to chil-
dren. Development of phonemic awareness
in these individuals, who have a diminishad
“ear” for phonology, might depend on ex-
phicitteaching of how spezch sounds are pro-
duced motorically and cultivation of the abil-
ity to compare speech-sound differences in
words (see Truch, 1994, for a review of the
Lindamood approach).

In addition, many adults, even experi-
enced teachers of reading and writing, con-
ceptualize words in their written rather than
theur spoken form unless they are taught to
pay attention specifically to speech-sound
structure. For example, when asked to count
speech sounds in known words, they will
count letters rather than phonemes (e.g., yel-
low will be viewed as having six spesch
sounds; pitch will be viewed as having an
extra /v that is not present in rich). Explicit
phonemic awareness in many adults may

. -
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=dults may

even be limited because of their knowledge
of print. Children who are first leamning the
alphabetic principle show in their creative

” spellings the capacity to analyze words pho-

netically (e.g., they will spell dragon as
Jragn and use as yuz). However, as they be-
come familiar with print and decoding be-
comes more automatic, children begin to
judge what sounds are in words by their let-
ters (Ehri, 1984), a tendency that appears
even stronger in adults. Teachers in training
usually need formal instruction and many
examples to think beyond print while ana-
tvzing speech before they can clarify these
relationships for students.

RECONMNMENDATIONS FOR
TEACHER EDUCATION

In conclusion. several changes are recom-
mended for the preparation of teachers re-
sponsible for teaching those with language-
based learning disorders or dyslexia. [t is
likely that speech-lunguage pathologists
will not typically be responsible for basic
reading imstrucuon with language/leamning
disabled children. although much in their
training should be relevant for conducting
language therapy with dyslexics and they
can contribute vital collaboration and sup-
port for teachers of literacy.

Teachers who are to work with dyslexic
students must themselves be well versed in
language, including the identity and catego-
ries of spezch sounds, the nature of sound-
svmbol correspondence, historical changes
in English spelling and pronunciation. and
the organization of the English spelling sys-
tem. Their training must also include work-
ing knowledge of syntax. semuntics. and
discourse organization so that instruction
can intezrate language systems for the four

Teachers with Krowledge of Larguaze 8§
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areas of listening, speaking, reading, and
writing (Moats, 1994a).

Our competency lists and licensing prac-
tices should state clearly that centified teach-
ers of literacy education must themselves
demonstrate phonemic awareness and have
a working knowledge of the ¢pezch-sound
system and how our onthiography represents
spoken English. Moreover, the opportunity
to leamn this information in depth, through
study of basic linguistics and application of
the concepts in clinical teaching practice,
must be part of every teacher training pro-
gram in literacy education. Activities that
promote such leumning include discovering
and classifying the speech sounds of the lan-
guage, performing broad phonetic transcrip-
tions of English words using the Interna-
tional Phonetic Alphabet. and recognizing
the linguistic significance of spelling errors.
The concept of the morpheme and the prin-
ciples by which words are constructed from
meaningful units can be explored by divid-
ing words. identifving derivational relation-
ships. and studving word origin in English.
Intensive study and practice must be de-
voted to these levels of language. using a
linguistics text (e.g., Fromkin & Rodman.
1993) and other material. to ensure that
teachers are secure with them.

When language concepts are firmly en-
trenched, teachers are then ready to study
English spelling and the manner in which it
represents speech. The specific content of
“phonics™ should be learned (Hull. 1985)
but extended to include understanding of

.. sound-svmbol correspondences for both

spelling and reading. syllable pattemns and
svllabication. and the effect of word mean-
ing and word origin on spelling. This
knowledge can then be applied to discover-
ing error pattems in the work of students.
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designing lesson plans, critiquing published
materials. and *creating diagnostic instru-
ments. Such a course would be distinct in
format and content from traditional intre-
ductory language courses taught in dzpari-
ments of communication science or speech-
language pathology because the emphasis
“would bz on the relationships bztwean spo-
ken and writtzn language learning. The
speech-language pathologist must be
trained in specialty areas such as voice, flu-
ency. phonology, language, and hearing im-
pairmants, but the literacy educator must be
an expert in reading and writing acquisition.
Although the professional territory of both
disciplines includes the common ground of
language structure and language acquisi-
tion, and similar content might be included
in the introductory training of both, the lit-
eracy educator who works with dyslexics
n=2ds course work focused on multisensory
structuped language teaching for written
language leaming. The language clinician
anc teacher of rzading disabilities should be
able to collaborate more effectively if such
background concepts are shared.

Course work in understanding lower-
level language organization (i.e., phonetics,
phonology, morpheology, sound-symbol
correspondence) and how it is leammed by
beginning readers requires at least one se-
mester; two would be preferable. It takes
time for teachers to acquire knowledge of
word structure and to adjust their views
about the relationships between speach and
print, even if they have the prerequisite lin-
guistic analysis skills to do so. Certainly
other courses are nesded to address topics in
higher-level language processing, including
reading comprehension, writlen expression,
and study strategies.

It would be hard to find disagreement in
the educational community that the direction
and fabric of teacher education programs
must change. No doubt, however, bringing
about changss in the colleges of education
willbe difficult. As Graham (1988)and Lvon
et al.(1989) have found, many professors of
education and special education have himited
teaching experience themselves and obvi-
ously may be challenged to demonstrate the
application of instructional principles with
students. Moreover, those who have a thor-
ough knowledge of language structure tham-
selves and who are skilled at teaching it to
educators are uncommon.

A number of additional barriers to change
must be addressed if teacher preparation 1s
to improve. Currently, within 2 majority of
higher-education settings. there 1s an inher-
enttension between the nesd to conduct and
publish research and the n22d to tzach and
supervise students, with greater reinferce-
ment provided to professors for reszarch
than for tzaching. Morz specifically, the na-
ture of university setuings requires profes-
sors of education 1o emulate the principles
and practices of faculty members in the ants
and sciences. Thus scholarship, usually and
unfortunately decontextualized from th2 azt
of teaching in classes or in clinical setungs.
constitutes the major activity of professors.
with the business of teaching teachers civen
over 1o junior faculty, adjunct faculty, or su-
pervising teachers within local school svs-
tems. Without a doubt, scholarship is a criti-
cal and valued activity that must be
conducted. However, research should bzar
forcefully and directly on critical content as
well as the principles and practices of teach-
ing. We must begin to integrate theorv and
practice in an explicit marner, and we must
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do this in classrooms and under the condi-
tions that teachers will ultimately face.
Finally, if teacher preparation in the area
of language and reading is expected to be-
come more thoughtful and systematic,
change in how teaching competencies and
certification requirements are developed
and implemented is a must. Currently, in
many states, the certification offices within
state departments of education do not
maintair a formal and collaborative rela-
tionship with academic departments within
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colleges of education. Thus, the require-
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satisfy for his or her college degree may
bear little relationship to the requirements
necessary for a feaching-cenificate. Given
these realities, it is not surprising that
teacher preparation and practice is fre-
quently viewed as a fragmentary and irrel-
evant enterprise. Our teachers deserve bet-
ter, as it is they and their students who bear
the burden of limitations in teacher prapa-
ration practices.
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INTRODUCTION

A predse and inclusionary definition of dyslexia is sorely needed
for at least three reasons. First, accurate identification of dyslexia
requires that the key symptoms and characteristics be spedfied.
Second, treatmaent of dyslexia, including early intervention and
.general teaching methods, must be based on an informed
understanding of what difficulties impede reading develop-
ment and reading mastery for children and adults with reading
disabilities. Third, an operational definition is essential for
research purposes. More spedifically, to investigate the causes
and consequences of dyslexia, to examine whether there are
_ different types of reading problems, and to explore how dys-
- lexia relates to other disorders, it is crudal to study individuals
who meet well-specified selection criteria. A number of recent
papers and books address, in detail, this need for an opera-
tional and inclusionary definition of dyslexia and are recom-
mended for those who wish to pursue more in-depth reviews
of the definitional issues in dyslexia (Fletcher and Mortis 1986;
Lyon and Moats 1993; Lyon et al. 1993; Morris 1988, 1993;
Morris, Lyon, Alexander et al. 1994; Shaywitz, Shaywitz,
Liberman et al. 1991). '
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BACKGROUND: EARLIER DEFINITIONS

Despite the significant role that a definition should play in the
seientific and clinical understanding of dyslexia, the field has
constructed numerous vague, ambiguous, and nonvalidated
descriptions of the disorder. For example, dyslexia or learning
disability (LD) in reading often has been cast within the very
peneral framework of exclusionary definitions of LD. That is,
dyslexia is identified if reading disability exists in the absence
of other problems that could lcad to the reading difficultly.
Consider the definition incorporated into the Education for All
I Handicapped Children Act (Public Law 94-142) in 1968:

The term “specific learning disability” means a disorder in
one or more basic psychological processes involved in
understanding or in using language, spoken or written,
which may manifest itself in an imperfect ability to listen,
speak, read, write, spell, or do mathematical calculations.
The term includes such conditions as perceptual handicaps,
brain injury, minimal brain dysfunction, DYSLEXIA (italics
added), and developmental aphasia. Such terms do not
-include children who have learning disabilities which are
primarily the result of visual, hearing, or motor handicaps,
of mental retardation, of emotional disturbance, or of envi-
ronmental, cultural, or economic disadvantage (U.S. Office
of Education {USOE] 1977, p. 65083).

This carly definition failed to provide objective guidcelines
wnd criteria for distinguishing individuals with dyslexia from
hose with other primary handicaps or generalized learning
litficulties (Moats and Lyon 1993). Furlher, as Rutter (1978)
wointed out more than two decades ago, “A negative definition
f this kind not only fails to aid conceptual clarity, but also
mplies that dyslexia cannot be diagnosed in a child in a poor
T unconventional background. In short, it suggests that if all
he known causes of reading diSability can be ruled out, the
nknown (in the form of dyslexia) should be invoked.” More
ccent hybrid exclusionary definitions of LD have the same
reaknesses (e.g., see the NJCLD definition, Hammill et al.
281). Concerns about the limitations of exclusionary defini-
ons have prompted many scholars to call for a moratorium on
1e development of broad definitions. For example, Stanovich
1993) stated the following:
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PSM-1V (1994) DIAGNOSTIC CRITER.IA FOR THE
DIAGNOSIS OF READING DISORDER
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fail to provide guidance about which component(s) of skilled
reading are impaired and require remedial attention.
Unfortunately, the lack of emphasis on the relevance of partic-
ular language or reading skills necessary for reading mastery,
in turn, contributes to inadequate training for most teachers
and other professionals concerned with children’s reading per- -
forinance (e.g., classroom teachers, special education person-
nel, school psychologists, etc.) (see Moats 1994a; Moats and
Lyonin press). . T i P

On the research side, at least two related problems stem-
ming from the lack of an appropriate definition have occurred.
First, the lack of;substance in existing definitions (i.e., the
reliance on exclusionary criteria) has meant.that research on the
cognitive processes involved in reading disability has proceeded -
independently, without benefit of clear selection criteria for
those being studied. Second, the majority of research investiga-
tions seeking to elucidate the characteristics of dyslexia and
other types of LD and conducted: with poorly defined samples
have yielded findings that are difficult to!interpret, replicate,
and generalize (Lyon 1987, in press; Moats and Lyon 1993;
Stanovich 1993). co " o

A NEW RESEARCH-BASED DEFINITION !

. ) . . 1 | [
Clearly then, there is a critical need to have a valid and opera-
tional definition of dyslexia. In attempting to delineate the
important criteria for such a definition, a number of guidelines
are proposed: L (.

1. The definition must be theory driven. That is, the com-
ponents of the definition should be based on a theoreti-
cal framework (see Fletcher and Morris 1986, Morris and
Fletcher 1988; Stanovich:1993) that is informalive vis-a-
vis the skills critical for'-becomingia skilled reader and
that identifies candidate sources of difficulty for poor
readers (e.g., Adams 1990; Bradley and Bryant 1983;
Chall 1967; Colheart 1981; Ehri 1985; Gough and Tunmer
1986; Jorm and Share 1983; LaBerge and Samuels 1974;
Liberman and Shankweiler 1979, 1985; Perfetti 1985;
Rayner and Pollatsek 1989; Rummelhart and McClelland
1982; Samucls and Kamil 1984; Shankweiler and Crane
1986; Snowling 1990; Stanovich 1980, 1990, 1992;
Vellutino, Scanlon, and Tanzman 1994; Venezky 1970;
Wagner and Torgessen 1987). : :
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2. This theory or combination of theories and the resulting
definition should be supported by a substantial body of
convergent research and clinical information (sce

© Adams 1990). :

3. i The evidence for this theory should be based on studies

" of well-described samples of subjects. Within this con-
i text, it is important to avoid confounding causes of
" reading disatility common in referred samples (For
discussion see Fletcher, Francis, Rourke, et al. '1993;
: Lyon 1987; Morris 1993; Shaywitz, Fletcher, and Shay-
- wilz 1995; Vellutino 1979).

4. ' The definition must be based on constructs that are rel-
i evant to the theory, that are internally valid, and that
i can be measured objectively. Specifically, inclusionary
! statements about the characteristics of dyslexia pro-
v 1 vided in the definition must be measured directly and
.+ consistently by those doing the measuring (Fletcher

, - and Morris 1986; Morris 1993). :

5. i The definition must be externally valid and useful. Fo
| instance, the definition should provide clear indications
' of how to identify whether a person is dyslexic (Fletcher
"and Morris 1986; Fletcher et al. 1994; Stanovich and
" Siegel 1994), what 1o assess as predictors of later read-
'ing achievement in young children (Adams 1990;
i Blachiman 1991; Bradley and Bryant 1983), and what to
+ + address in instruction or remediation (Lyon 1985; Lyon
i1 ¢ and Flynn 1991; Lyon and Moats 1988; Lyon, Moats,

{ | and Flynn 1989; Morris 1993).

In an effort to respond to the need for an improved defini-
tion for research purposes, a working definition was con-
structed by The Orton Dyslexia Society Research Committee in
collaboration with leaders from the National Center for Learning
Disabilities, with scientists from the National Institute of Child
Health and Human Development, and with scientists and clin-

icians from universities in the United States and Canada. The

characlerization of the proposed definition as a working defini-
lion reflects the recognition that the definition may need to be,
and probably will be, altered in light of continuing advances
in research and clinical knowledge. The proposed working
definition presented in this paper is meant to serve as an
example of a rescarch-based definition that will hopefully gen-
erate productive discussion among clinicians, researchers,

teachers, and parents about how we study and communicale
cabout dvelesia

TowaRD A DEFINITION OF DysLExIA g

THE WORKING DEFINITION

“Dyslexia is one of several distinct learning disabilities. 1t is a
specific language-based disorder of constitutional origin char-
acterized by difficulties in single word decoding, usuall
reflecting insufficient phonological processing. These difficul
ties in single word decoding are often unexpected in relation to
age and other cognitive and academic abilities; they are not the
result of generalized developmental 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” (The Orton Dyslexia
Society Research Committee April, 1994).

RATIONALE FOR THE INCLUSION OF DEFINITIONAL
STATEMENTS

This proposed working definition of dyslexia is composed of
several distinct inclusionary statements that were adopted on
the basis of their clinical importance, their conceptual and
empirical support in the clinical and research literature, and
their ability to be operationalized via objective study. Each of
the statements is discussed in turp.

DEFINITIONAL CONTEXT

“Dyslexia is one of several distinct learning disabilities.”

This opening statement is designed to indicate that dyslexia
is one of several learning disabilities that affect children and
adults and is not synonymous with the general term learning dis-
abilities. This is because the LD category encompasses a wide

‘range of disorders in listening, speaking, reading, writing, and

mathematics as indicated in the USOE (1977) definition pre-
sented carlier. In addition, this statement incorporates the
thinking of scveral leading scholars (Shepard 1988; Stanovich
1993; Torgesen 1988) that the field should discontinue the use of
the broad term learning disabilities when discussing reading dis-
abilities and should instead discuss specific disabilities defined
in terms of coherent and operational domains. While keeping
in mind the distinctiveness of dyslexia within the general cate-
gory of LD, it is important to note that reading disabilities
affect at least 80% of the LD population and thus constitute the
most prevalent type of LD (Lerner 1989; Lyon 1995; Lvon in
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asking the child or adult to rhyme or perform phoneme dele-
tion tasks (e.g., say cat without the /t/ sound). The ability. to
access phonological information rapidly from a lexical store is

assessed typically by tasks requiring rapid retrieval and nam- .

ing of objects, letters, and colors. Phonetic recoding in working -
memory is usually assessed by observing performance on digit -
span, word span, and sentence repetition tasks. Of these three
major phonological processing skills, it is phonological aware-
ness that appears to be the most deficient linguistic skill in dis-
abled readers. More specifically, there is a wealth of evidence
that deficits in phonological awareness not only co-occur with
deficits in basic reading skills (Pratt and Brady 1988; Vellutino
and Scanlon 1987), but that the relationship is, in fact, a causal
one, with deficits in phonological awareness impeding the -
acquisition of reading skills (Blachman 1991; Catts 1986; Gough
and Tunmer 1986; Kahmi, Catts, and Mauer 1990; Liberman
and Shankweiler 1979; Lundborg, Oloffson, and Wall 1980;
Stanovich 1993; Torgesen in press; Wagner in press; Wagner
and Torgesen 1987). Indeed, the nature of the English orthogra-
phy and its alphabetic characteristics relies on this linguistic
ability that allows the reader.to segment words into their con-
stituent phonemes. The beginning.reader must be conscious of
the sound segments in syllables and words and must be able to
manipulate them on demand. Such awareness is critical if one
wishes to rhyme words, speak in “pig-latin,” break words into
syllables and syllables into sounds, and most importantly, to
read in an automatic and fluent fashion. Underdeveloped
awareness of the speech-sound constituents of words and the
consequent inability to associate them with symbols leads to
slow and inaccurate decoding and word recognition (Adams
and Bruck 1995; Beck and Juel 1995; Liberman and Shankweiler
1979). For current reviews of the prominent role that phonolog-
ical awareness plays in reading acquisition, the reader is
referred to Adams (1990), Brady and Shankweiler (1991), Olson
et al. (1994), and Vellutino et al. (1994).

It should be made clear that the role of phonological pro-
cessing in general, and phonological awareness in particular, in
this working definition of dyslexia does not preclude the pos-
sibility that future research will reveal additional candidate
processes, and deficits, if-they exist, in the areas of temporal
processing, semantic knowledge, grammaltical and derivational
morphology, and synlactic usage. As future research findings
emerge the definition described here will be revised to reflect
the state of the science. In fact, some evidence is now accruing
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et dcﬁcil: }l:, w'luc‘h showed that children who manifest
ey o5 defi rs d)'l the second grade can be distinguished from
ety of ol c':n Ing age-mates at 30 months of age on a vari-
i sl::u‘(!f‘. prloduchon tasks that assessed, among other
borough,'s ﬁu:.-]l"C(': ength and grammatical complexity. Scar-
Lorous| huguaggﬁazﬂg%cs; that dyslexia may be related to a
phow;lglgical oge dcﬁniliocntm that exceeds the boundaries of a
l i . ’
e scnl\acnfit*“gns tm temporal processing and deficiencies in
age u,“'yn actic, and morphological domains of Jan-
e in (})l" “llm(;llely be found to exert some independent
idomes 2 '"d‘c e\l'clopmcngal reading process, the current
i poinlb;h .mg'l.lesc candidates remains suggestive. More
yslers m,“Sit]prL;nsc role that these linguistic deficits ;;la in
it ll-'ur " )c(r:a(l)' their association with phonology, is )L’m-
dded s cau!nl dl'c()'n?l‘purposes, therefore, they are not in-
Iso be noted lh‘al m;c:icl;lc:il‘:ugézsgollrkilng dﬁfin“iom pould
nay have oot r ! at a subgroup o X
ra{)hizvltagilm(‘i‘umcs accessing the lexicon 021;1 a \")is:adlilf)l:lrcf
$ (Lovegrove, Martin, and Slaghuis 1986; Mart]:)n
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~and Lovegrove 1988). These data remain controversial (see

Hulme 1988; Vellutino et al. 1994). As such, the working defini-
tion emphasizes that deficits in phonological processing, rather
than deficits in visual orthographic processing, constitute the
core or central deficit in most cases of dyslexia (Shaywitz et al.
1994; Stanovich and Siegel 1994). In summary, the proposed
working definition is primarily constructed on thebasis of
replicated empirical findings. Definitional statements regarding
the role of deficiencies in temporal processing, semantic pro-
cessing, syntactic processing, marphology,!and visual ortho-
graphic processing in dyslexia will be incorporated into the
definition, if they emerge from studies characterized by meth-
odological rigor. : ! S
Dyslexia is ... of constitutional origin., This statement is -
included in the definition because substantial evidence suggests
that dyslexia aggregates in families, is heritable, and probably
reflects autosomal dominant transmission (for review sce
Pennington 1995). In addition, recent studies utilizing genetic
linkage analyses suggest that there appear to be effects of major
genetic loci on the transmission of phonological deficits and sub- .
sequent reading problems (Cardon et al. 1994; Pennington 1995).
The specific mechanisms by which genetic faclors operate
to predispose someone to dyslexia are not yet clear. As Pen-
nington (1995) suggests, it is possible that genetic alterations in
dyslexia alter or constrict the range of neural development, as
well as possibly produce “hardwired” aberrations in the tissue
substrate (for examples of the neuroanatomical correlates of
dyslexia see Galaburda 1988, 1991; Galaburda and Kemper
1979; Hynd, Semrud-Clikeman, and Lyytinen 1991; Ruinsey,
Dorwat, Vermess, et al. 1986). It has been hypothesized that
such changes in dynamic neural development can compromise
emerging neural networks, typically within the left cerebral
hemisphere, that are involved in accessing and interpreting lin-
guistic information. For instance, previous-and ongoing work
has indicated that poor performance on tasks demanding
phonological awareness is associated with atypical cortical acti-
vation in the left temporal region as indicated in studies of
regional cerebral blood flow (see Wood 1990; Wood et al. 1991).
More recent functional neuroimaging work conducted by
Shaywitz and colleagues at Yale (Shaywitz, Shaywitz, Pugh et

al. 1995; Shaywitz, Shaywitz, Pugh et al., in press) has demon-
strated that specific regions of the brain are activated during

the performance of phonological tasks related to reading and
that dyslexics show different activation patterns than normals
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much cognilive capacity, fewer cognitive resources are left
to allocate to higher-level process of text integration and

comprehension. :
o . ! .
Although it is undeniable that comprehension is the very
purpose of reading, the paramount importance given to single-
word decoding is based on a significant number of converging
studies that find that rapid:and accurate word recognition is a
prerequisite to understanding what is read (for reviews see
Olson et al. 1994; Shankweiler and Liberman 1989; Stanovich
1990; Stanovich and Siegel 1994; Vellutino et al. 1994). - ; . .
Coo [ .
UNEXPECTED UNDERACHIEVEMENT : D I
“These difficulties in single word decoding are often unex-
pected in relation to age and other cognitive abilities;” i . |
Unexplained difficulty in acquiring reading skills is basic to
almost all definitions of dyslexia (Orton 1937; Shaywitz et al.
1995). By the use of the word unexplained, it is meant that the
observed reading deficits are “unexpected” or can not be pre-
dicted by the child’s age, other academic and cognitive abilities,
exposure to instruction, or sociocultural opportunities. It is im-
portant to note that while the current working definition pre-
serves the concept of unexpected underachievement, it DOES
NOT embrace the idea that basic deficits in decoding and word
recognition must be significantly lower than 1Q as specified in
typical discrepancy formulae. Rather, the data suggest that
“unexpectedness” should be assessed via comparisons of read-
ing age with chronological age and/or by comparing reading
ability to academic performance jn other domains (i.e., listening
comprehension, verbal expression, mathematics, written
expression) (Stanovich 1993).
The issue of 1Q-reading discrepancy. There are two major
reasons that an 1Q-reading achievement discrepancy is seen as
. an inappropriate and invalid marker and why it is not em-
ployed in this working definition of dyslexia. First, at present, it
is extremely difficult to define and operationalize the concept
of an IQ-reading achievement discrepancy from either a con-
ceptual or a slatistical perspective (Aaron 1989; Lyon 1988;
Share, McGee, and Silva 1989; Zigmond 1993). Second, and
more importantly, reading disabled children with high 1Q
scores (discrepant poor readers) do not differ from reading dis-
abled children with lower intellectual aptitudes (non-
discrepant poor readers) on measures assessing decoding and
word recognition skills (Fletcher 1992; Fletcher et al. 1994;



Gzt bicaN AL LS UL

Francts b ol 1994 Olson et al, 198Y; Siegel 1989; S i
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impairment of a dyslexic reader with average to above average
intelligence from a dyslexic reader whose intelligence is com-
mensurate with his low reading ability. These findings have
significant clinical and conceptual impact on the understanding
and diagnosis of dyslexia. From-a conceptual standpoint, the
fact that 1Q-reading achievement discrepancies do not differen-
tiate discrepant and non-discrepant poor readers supports
recent findings that dyslexia represents the extreme of a normal
distribution of reading ability so that \here...”is an unbroken
continuum from reading ability to disability..” (Shaywitz et al.
1992; Shaywitz and Shaywitz 1924). Thus, conceptually, dys-
lexia is not a discrete categorical entity that is discontinuous
with other cases of reading disability (Shaywitz et al. 1995;
Stanovich and Siegel 1994). From a diagnostic standpoint, the .
{indings have significant implications for those individuals
who are reading disabled, but who have typically been ex-
cluded from a diagnosis of dyslexia because of 1Qs below 85. .
The lack of validity demonstrated for 1Q-reading achieve-
ment discrepancies does not, however, obviate completely the
conceptual notion that the poor reading skills of dyslexics can
be characterized as »unexpected.” As Stanovich (1991) points
out, the critical task will be to identify the most valid predictor
of one’s potential to read. Thus, it Is quite possible that dyslexia
may be characterized by poor reading skills against a back-
ground of other cognitive and academic: strengths, but not
expressed as an IQ-achievement discrepancy. It is also impor-
tant to keep in mind that the studies consulted in the develop-
ment of the working definition all'used decoding and/or word
recognition as the measure of reading ability and disability. It
remains to be seen whether differences exist between dis-
crepant and non-discrepant poor readers on measures of read-
ing comprehension or response (O instruction (Lyon 1989, in

press; Moats and Lyon 1993).

EXCLUSIONAI{Y CRITERIA . .
“{T}hey are not the result of gcncrqlized developmental disabil-

ity or sensory impairment.”
To date the majority of definitions for dyslexia have relied

heavily on numerous exclusionary criteria (see the USOE {1977]
definition and tables 1 and 2). Given the primary role of these
exclusion statements in the identification of dyslexic individu-
als, children have been frequently diagnosed on the basis of
what they were not, rather than what they were (Fletcher and
Morris 1986, Lyon 1994, in press; Moats and Lyon 1993). It is
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now clear, however, that excluding el

ear ever, §5 children from iagnosi
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(e phomon it l:jn,rarllguagc underscores the critical natur Of
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act that the bPrimary manifestations of cl:)i?(;lr]gni;?

cading and writing :
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» SUMMARY to R
i . .
A working operational definition of dyslexia has been pre-
sented that evolved from the substantial amount of evidence
that indicates that reading disabili:?' is most precisely measured
at the single word level and causally associated with phonolog-
ical deficits. In contrast to other definitions of dyslexia, this def-
inition does not specify that an IQ-reading achievement dis-
crepancy be present and does not exclude any conditions or
handicaps where a specific phonological deficit could exert a
primary causal influence on subsequent reading development.
All statements within the definition have an empirical basis
and it has been noted that converging data relevant to genetic
and neurobiological factors are emerging. The objective nature
of the criteria included within the definition should both aid in
clinical diagnosis and help researchers. b
Very importantly, the criteria.specified in this definition
are dynamic and subject to modification as new data become
available. Certainly the central rple of phonological deficits in
dyslexia will be further explicated in future studies as will
other candidate etiological factors such as orthographic pro-
cessing, temporal processing, apd interrelationships among
these and other skills. It should also be made clear that the
validity of certain statements within the definition are not yet
fully established and require further study. For example, to
establish that dyslexia has a known and specific constitutional
basis will require more advanced neuroimaging and genetic
studies than those presently available. The first step has been
taken'in that we are now able to igolate and localize phonolog-
ical processing in the brain (see Shaywitz, Shaywitz, Pugh et
al. 1995; Shaywitz, Shaywitz, Pugh et al. in press). In addition,
while the available data clearly show that differentiating chil-
dren according to 1Q-reading achievement discrepancies is
invalid, it is unclear how, and to what extent, sole use of a low
achievement definition provides an adequate classification of
dyslexia. For example, does a difference between a child’s age
and his or her phonological skill or single word reading ability
reflect a reliable and valid marker for dyslexia? If so, how
large does the difference have to be and does it vary according
to age? As an important aside, it should be noted that a great
deal needs to be learned about how the brain recovers pho-
nemes from running speech. As Liberman (1992) has elo-
quently pointed out, the articulatory gesture, rather than the
speech sound, might ultimately prove to be the most basic
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INTRODUCTION

earning disabilities (LD) encompass a wide range of disorders in listening, speaking. read-

ing, writing, and mathematics that are frequently accompanied by comorbid deficits in

attention and social behavior. Current estimates indicate that children with LD compose
between seven to 10 percent of the school-aged population and represent over half of the children
who receive special education services.in the United States.' Despite this frequency of-cccurrence,
LD remains one of the least understood yet most disabling conditions that affect both children and
adults. This is unfortunate since learning disabilities are extremely deleterious to the development
of children in general, and the negative effects of LD go well beyond school failure. For example,
poor peer relationships, decrements in self-concept, poor post-school adjustment, and limited
placed occupational opportunities are some of the known outcomes of LD.

A number of influences have contributed to persistent difficulties in diagnosing and treating
LD. In fact, until research programs supported by the National Institute of Child Health and Human
Development (NICHD) and the Natural Sciences and Engineering Council of Cang;da to study leam-
ing disabilities began to lead to major discoveries during the past decade, the consensus in the bio-
logical and behavioral sciences was that the field of LD lacked scientific validity and clinical
utility. To better understand the difficulties that have plagued the LD field and the NICHD's pro-
grammatic response to alleviate them, a brief review of both problems and progress in the field is
presented in the following sections. Emphasis is placed on discussing the role of the National
Institutes of Health (NIH) in general, and NICHD in particular, in stimulating and supporting sys- .
tematic, prospective longitudinal research to best understand how to classify, define, and treat LD.
As mentioned ahove, additional reference will also be made to the outstanding work of Stanovich
and Siege! in LD and reading disorders supported by the Canadian government.’ Readers should
note that comprehensive sources.on these topics have recently been published."*®



IMPEDIMENTS TO SCIENTIFIC DEVELOPMENTS IN LEARNING
DISABILITIES: AN HISTORICAL PERSPECTIVE

istorically, a number of influences have contributed to difficulties in validating scientifi-
cally the construct of LD.!* First, the field's limitations as a clinical science can be related
to its rief tenure as a recognized category of disability. Specifically, LD as a federally

designated condition, has been in existence only since 1968.° Thus, there has not been time to col-
lect and consolidate the necessary observations under experimental conditions-that could lead to a
better understanding of the critical diagnostic markers and treatment interventions that have a
known probability of success. ) ‘

Second, many different theoretical and conceptual views are offered to explain LD and these
views clearly reflect the multidisciplinary nature of the field.” Learning disabilities are considered
the legitimate concern of many disciplines and professions, including education, psychology, neu-
rology, neuropsychology, optometry, psychiatry, and speech and language pathology, to name a few.
Each of these professions has focused on different aspects of the child or adult with LD, so that
there exist highly divergent ideas, and frequently contentious disagreements about the importance
of etiology, diagnostic methods, intervention methods, and professional roles and reéponsibilities.
Unfortunately, from the perspective of developing a valid definition and classification system for
LD, such variation in views and beliefs results in differences in the numbers of children identified
and their characteristics. In turn, conducting research on samples of children with ostensible LD
who vary widely in diagnostic and demographic characteristics provides little opportunity for the
replication and generalization of findings — the comerstones of scientific inquiry.

Third, many diagnostic and treatment decisions about individuals with LD have been based
on technically inadequate tests and measures. Recent comprehensive reviews* suggest that fewer
than one-third of the psychometric tools used in the diagnosis of LD meet critenia for adequate
norms, reliability, and validity. As important, the valid assessment of change over time, and change
as a function of treatment, is very difficult to accomplish at present because few instruments have
the scaling properties to satisfy conditions for the measurement of individual growth curves.

Fourth and by far the most significant and persistent problem impeding progress in the field
of LD has been the difficulty in establishing a precise inclusionary definition and a theoretically
based classification system that provides (1) a framework for the identification of different types of
LD, and (2) a framework for recognizing distinctions and interrelationships (comorbidities) between
LD and other learning disorders to include attention deficit disorders, general academic under-
achievement, mental retardation, and emotional disturbance. The precise characterization of LD has
been hindered.an the one hand by assaciating leaming disabilities with the eoncept of aptitude-
achievement discrepancy, and on the other hand by conducting “single-shot™ studies on “school-
identified” or “clinic-referred” samples of children."*** The assumption that an aptitude (typically
assessed using intelligence tests) achievement discrepancy is a clear diagnostic marker for LD or .
can be considered a pathognomonic sign is at best premature, and at worst invalid >’ Such an -
assumption is based on the premise that individuals who display an 1Q-achievement discrepancy are
indeed different from individuals who do not with respect to phenotypic variables such as informa-

tion processing characteristics and response to intervention, and genotypic features such as differ-



ences in the heritability of the disorder or its neurophysiological signature. As will be point-
ed out later, a major thrust of the NICHD efforts in the study of LD has been to evaluate the
efficacy of discrepancy in defining learning disabilities by systematically comparing “dis-
crepant” versus “non-discrepant” low achieving children on both phenotypic and genotypic
variables.’

The study of individuals identified a priori as LD by school or clinic criteria within
the context of single investigations or cross-sectional designs have also significantly ham-
pered eflorts to develop a valid definition and classification system for learning disabili-
ties. It has been pointed out many times that schools and clinics lack consistency in the
way in which LD is diagnosed. A child can literally be “cured” of an LD condition simply
by moving across state boundaries or by changing schools within the same community."
Such variability in sample characteristics prohibits replication and generalization of find-
ings — a severe impediment to the development of any clinical science. Moreover, “single-
shol™ investigations that compare children achieving normally with children with LD on
one or more dependent variables of interest at one point in time ignores the developmental
nature of learning and change over time, and how such change interacts with information
processing characteristics, teacher characteristics, different interventions, and classroom
climates. As such, limited information is available on the developmental course of LD, and
how children may display different characteristics at different points in time.

The foregoing brief review provides the rationale for the development of the NICHD
research programs in learning disabilities. Prior to the initiation of the programs, much of
our research-based thinking about LD was predicated on information obtained from
ambiguously defined school-identified samples of children who were administered techni-
cally inadequate tests. Frequently the research problem was further confounded by the ten-
dency to interpret these test data in the context of invalid theoretical and conceptual
frameworks. Finally, the majority of studies carried out with individuals with LD were not
informed by a longitudinal, developmental perspective. It has been within this context of
scientific need that the NICHD has systematically developed a portfolio of individual
research initiatives, program projects, and Learning Disability Research Centers (LDRCs)
to define and classify LD, and to obtain new knowledge related to etiologies, developmen-
tal trajectories, and interventions for learning disabilities. The following sections provide a
review and analysis of the major findings of the NICHD-supported research projects with
an eye toward identifying additional future research needs and directions.




THE ROLE oF THE NICHD IN THE PLANNING AND
CoONDUCT OF RESEARCH IN LEARNING DISABILITIES

mandated the establishment of an Interagency Committee on Leamning Disabilities

(ICLD) for the express purpose of addressing the persistent problems in identifying
a valid classification system and a definition for LD. More specifically, the ICLD was
charged with the task of reviewing and assessing Federal research priorities.-activities, and
findings regarding LD. The NICHD was designated the lead agency for this congressional
initiative. With respect to legislative and administrative action, the ICLD was required to
make recommendations to increase the effectiveness of research on LD and to improve the

B y way of background, the Health Research Extension Act of 1985 (P.L. 99-158)

dissemination of findings, and to prioritize research efforts in the causes, diagnosis, treat-

ment, and prevention of learning disabilities. Following a comprehensive review of extant

data and information related to the study of LD,® the ICLD concluded that:
“...collaborative, integrated, and coordinated multidisciplinary approaches to
research questions, such as could be undertaken on university campuses ip large
program projects and in specialized research centers of excellence, would be the
most appropriate way to increase the effectiveness of this research...A major goal of
this research should be the development of a classification system that more clearly
defines and diagnoses LD, conduct disorders, and attention deficit disorders, and
their interrelationships. Such information is prerequisite to the delineation of homo-
geneous 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.®

Within this context, the NICHD proceeded to develop Requests for Applications
(RFA’s) for Program Projects in 1985, Leamning Disability Research Centers (LDRC) in
1987,° and treatment/intervention research projects in 1993. By way of background, the
Program Project research award is an NIH funding mechanism that can support at least
three discrete, yet closely related and synergistic projects. The LDRC’s are funded via
Specialized Research Center Grants that provide support for both the synergistic research
projects and supporting core service projects. This type of mechanism is used to stimulate
research in a given field by encouraging collaborative, interdisciplinary research.

In response to the Program Project RFA, five program Projects were awarded by the
NICHD. The recipients were Dr. John DeFries and his research group at the University of
Colorada, Dr. Frank Wood and-his team at the- Bowman Gray School of Medicine, Dr.
Herbert Lubs and his colleagues at the University of Miami, Dr. Bennett Shaywitz and his
collaborators at Yale University and the University of Houston (led by Dr. Jack Fletcher),
and Dr. Albert Galaburda and his group at Beth Israel Hospital and Harvard University. In
response to the LDRC RFA, three centers were established; one at Johns Hopkins
University under the leadership of Dr. Martha Denckla, another at Yale University (also
directed by Shaywitz) and one at University of Colorado (also directed by DeFries). In



response lo the treatment/intervention research RFA, one research program was estab-
lished at Florida State University under the direction of Dr. Joseph Torgesen, and one at
The University of Houston lead by Dr. Barbara Foorman. These longitudinal intervention
studies are in the beginning phases and data are not yet available.

A brief overview of the major goals and objectives of the NICHD Program Projects and
LDRC’s is provided in the following sections. Individual Program Projects (Bowman Gray,
Miami, Beth Israel/Harvard) will be summarized first followed by a review of the research pro-
grams that have been awarded an LDRC (Johns Hopkins) and both a Program Project and an
LDRC (Colorado, Yale). This overview will be followed by sections which provide a synthesis
of the major discoveries made by the research programs in targeted areas of inquiry (i.e., clas-
sification/definition, reading and language related processes, attention, genetics, neurophysiol-
ogy/neuroimaging, and treatment/intervention). Readers should note that comprehensive
reviews of the goals and findings from each of the projects and centers, written by each of the
principle investigators and their research teams, can be found in Duane and Gray (1991),”
Lyon et al.,' Fletcher et al.," and Lyon.*

-

THE NICHD RESEARCH PROGRAMS IN LEARNING
DISABILITIES PROGRAM PROJECTS

ability with an eye toward developing a definition and subtyping system for dyslex-

ia.’ Within this context, research studies have been, and continue to be, conducted
to (1) identify an appropriate combination of measures in the first grade that can define
dyslexia and predict reading performance throughout the later grades, (2) determine
whether Attention Deficit Disorder (ADD) has an independent impact on reading develop- .
ment and disorders, (3) develop the most powerful combination of linguistic (e.g., phono-
logical, naming) tasks that can be used to chart the developmental course of reading and
reading disability, (4) identify the efficacy of code-emphasis reading approaches versus
context-based reading approaches with well-defined groups of reading disabled children,
(S) study regional cerebral blood flow and positron emission tomographic activation signa-
tures that are correlated with specifi¢ linguistic .agd .cognitive parameters in a unique sam-
ple of adult dyslexics, first seen as children by Mrs. June Orton, and (6) externally validate
distinctions between dyslexia and ADD using event-related potential electrophysiology.

The University of Miami Program Project has completed its first five years of
investigations to identify inherited subtypes of specific dyslexia via both behavioral genetic
studies and genetic linkage analyses, and to further characterize these subtypes by psy-
chophysical. behavioral, and neurcimaging studies. More specifically, Dr. Lubs and his

group have attempted to define the chromosomal location of the several genes that produce

The Bowman Gray Program Project is designed to study childhood reading dis-
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autosomal dominantly inherited dyslexia. Project goals were addressed through scientific
experiments in three major areas.’ In the first area. the Miami group designed and con-
ducted linkage studies to delineate the location of chromasomes and chromosome bands of
several genes that could be specifically related to a different phenotypic expressions of
dyslexia. In the second area of investigation, psychophysical and neuropsychological tasks
were administered to dyslexic subjects to delineate information processing and cognitive
profiles that could be used to validate genetically different subtypes. In the third area,
Magneti¢® Resonance Imaging and Positron Emission Tomography studies were carried out
in an attempt to identify unique neurophysiological signatures for dvslexic subtypes.

The Beth Israel/Harvard Program Project has as a primary goal the develop-
ment of an understanding of the relationships between subtle abnormalities of brain devel-
opment and specific childhood leaning disabilities to include dyslexia. The ultimate goal
of the research is to identify the causes of such neural anomalies, and thus the neurobio-
logical causes of LD and dyslexia.s Within this context, Dr. Galaburda and his colleagues
have sought to develop an animal model of brain development that provides a window on
how cortical abnormalities occur during ontogenesis and how such ahnommalities affect
behavior. Major efforts have also been deployed to delineate the cytoarchitectonic organi-
zation and the chemoarchitectonics of those brain regions implicated in developmental
dyslexia. In addition, several investigations are underway to specify immunoﬁ)gica] vari-
ables responsible for anatomical and behavioral anomalies in human and animal brain.

The Johns Hopkins LDRC represents a multidisciplinary research effort
designed to understand the neurodevelopmental bases of LD. Dr. Denckla and her associ-
ates pursue this complex research task through four major lines of research.*’ In one pro-
ject, the Johns Hopkins group is attempting to discover the causes of nonverbal LD via
behavioral, neuropsychological and neuroimaging studies of LD individuals and individu-
als with neurofibromatosis. A second project is designed to examine the spectrum and
severity of social deficits in female children who are heterozygous for the Fragile X genetic
anomaly and to investigate the relationship of these deficits to specific cognitive, linguis-
tic, and neuropsychological problems observed in LD individuals without Fragile X. A
third line of research is designed to investigate the relationship between Tourette
Syndrome and ADD using both genetic and neuropsychological procedures. The fourth
project is designed to develop assessment methods to differentiate between hard to remedi-
ate dyslexic children versus children who respond to intervention. This project is also
designed to identify the most powerful predictors of dyslexia and intervention approaches
that have a high probability of success with disabled readers.

The Colorado Program Project and LDRC. The Colorado Program Project has
been composed of four interrelated projects designed (1) 10 assess the genetic etiology of
reading disability, and, in particular, the heritability of phonological and orthographic skills,
(2) to identify the specific language and perceptual skills that are critical for the develop-
ment of fluent reading skills, (3) to determine whether reading disability is correlated with
deficiencies in the immunological system, and (4) to conduct genetic linkage analyses to
localize, if possible, specific genes implicated in the expression of reading disability.**’

With the Colorado LDRC, Dr. DeFries and his group extend the research carried out
in the Program Project by increasing sample sizes and developing creative behavioral
genetic analytic methodologies to assess the genetic and environmental etiologies of defi-
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cient component phonological, orthographic, reading skills in reading disability. Within
this context, genetic linkage analysis is being employed to search for major genes and
quantitative trait loci that influence leaming disabilities. In addition, a treatment/interven-
tion project is being conducted with 100 twin pairs of disabled readers in an effort to dis-
cover reading subtype/dimension by treatment interactions.

The Yale University Program Project and LDRC. The Yale University Program
Project is designed to address major questions related to the definition, etiology, developmen-
tal course, and biological/neurophysiological bases for dyslexia.**® The Yale studies are
unique in that they are being carried out with the largest longitudinal cohort of reading dis-
abled children in North America. As such, Dr. Shaywitz and his associates are continuing to
obtain major findings that are not biased by the vagaries of studying school-identified or clin-
ic-referred samples. In Project 1 of the Program Project, the longitudinal cohort is studied to
identify (1) whether distinct subtypes of dyslexia exist, (2) whether subtypes are stable over
time, (3) whether dyslexia constitutes a developmental lag versus a fixed deficit in reading,
neurolinguistic, and cognitive skills, (4) whether deficits in single word reading are attribut-
able to a combination of deficits in phonalogical and orthographic processes, and (5) whether
positive or negative outcomes of dyslexia are associated with sociodemographic factors, the
nature and severity of the reading disability, co-morbidity, and self-esteem.

In Project 2, a well defined group of children with early language disotders is stud-
ied to assess the development of reading-related language skills (e.g., phonological aware-
ness) and to determine how particular early language impairments relate to the emergence
of different types of reading disability. In Project 3, dyslexic, math disabled, and nondis-
abled boys and girls are followed and studied as they pass through puberty in order to
assess the effects of specific endocrinological influences on reading, cognitive, and neu-
rolinguistic skills. Finally in Project 4 of the Program Project, the Yale group is employing
state-of-the-art Functional Magnetic Resonance neuroimaging technology to examine brain
structures and brain functions in well defined groups of dyslexic children as the children
carry out tasks designed to assess reading, phonological awareness, orthographic decision
making, and phonological decision making skills.

The Yale University LDRC has been charged with the complex task of developing a
comprehensive classification system for the range of common disorders that can influence
school performance. A major focus of the Center is the development of a classification system
for children with attention and oppositional/conduct disorders with and without leaming disabil-
ities. In addition, one large project within the Center is tasked with the continued in-depth epi-
demiological study of 414 reading disabled children, now entering the ninth grade, who were
originally identified during kindergarten. This ongoing investigation continues to provide data
relevant to the stability and generalizability of leaming disability subtypes over time.




MAJoR FINDINGS AND CONCLUSIONS

in general, and dyslexia in particular, have been obtained through the research

efforts at each of the NICHD Program Projects and LDRC's, as well as through the
Stanovich and Siegel research programs funded by the Canadian government. Selected
important discoveries will be highlighted here according to major domains of study, and
those programs obtaining the findings will be indicated in parentheses. Due to limitations
on the number of references that could be used for this paper, readers are encouraged 1o

3 number of independent and replicated discoveries relevant 1o learning disabilities

peruse the edited sources cited for both an overview of the research, an analysis of other
important discoveries, and citations for specific studies.

CLASSIFICATION/DEFINITION

® The definition and classification of learning disabilities and dyslexia must be accom-
plished within a longitudinal developmental framework that does not require adherence to
a priori assumptions reflected in current definitions. Further a valid definition can best be
developed by studies that investigate representative groups of children over time and that
document how differences among children emerge, change, and influence further develop-
ment (Bowman Gray,s Yale'**7).

m Current exclusionary definitions of learning disabilities appear to be invalid, particular-
ly in the area of reading disabilities and particularly when discrepancy formulae are used

(Yale?). -

READING AND LANGUAGE RELATED PROCESSES

B Reading disabilities (dyslexia) affect at least 10 million children, or approximately 1
child in 5 (Yale™).

B While schools identify approximately four times as many boys as girls as reading dis-
abled, longitudinal and epidemiological studies show that as many girls are affected as
boys (Bowman Gray,** Colorado,*™"" Miami,*’ Yale™*™?),

B Reading disability reflects a persistent deficit rather than a developmental lag in lin- -
guistic and reading skills. Longitudinal studies show that of the children who are reading
disabled in the third grade, 74 percent remain disabled in the ninth grade (Yale,"*"
Stanovich & Siegel®).

B The practice of distinguishing between disabled readers with an IQ-Achievement dis-
crepancy and those without a discrepancy appears invalid.*’” More specifically, children
with and without a discrepancy do not differ in the information processing subskills
(phonological and orthographic coding) that are necessary for the reading of single words.?
Likewise genetic and neurophysiological studies have not indicated differential etiologies .
for reading disabled children with and without discrepancies.'*** It remains to be seen

whether a discrepancy between achievement and IQ is a worthwhile predictor of choice of,
or response lo, intervention.
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m Children with reading disability differ from one another and from other readers along a
continuous distribution, and do not aggregate together in a distinct “hump™ at the tail of the
distribution as once thought (Bowman Gray,® Colorado," Yale,"**' Stanovich & Siegel’).

W The ability to read and comprehend depends upon rapid and automatic recognition and
decoding of single words and slow and inaccurate decoding are the best predictors of diffi-
culties in reading comprehension (Bowman Gray,® Colorado,*" Johns Hopkins,* Yale'**’).
® The ability to decode single words accurately and fluently is dependent upon the ability
to segmentwords and syllables into abstract constituent sound units (phonemes). Deficits
in phonological awareness reflect the core deficit in dyslexia (Bowman Gray,® Colorado,**"!
Johns Hopkins,* Miami,® Yale"’).

B The best predictor of reading ability/disability from kindergarten and first grade test
performance is phoneme segmentation ability (Bowman Gray®). However there may be dif-
ferent predictors for different component reading skills. For example, rapid naming ability
may predict word identification while tasks assessing phonological awareness best predicts
word attack skills (Bowman Gray®).

ATTENTION

W A precise classification of ADD with and without hyperactivity is not yet available. A
classification methodology that assesses internal and external validity of dimensional and
categorical models must be applied to the issue (Yale').

m ADD and reading disability often co-exist, but the two disorders are distinct and separa-
ble (Bowman Gray,*® Yale**®).

m ADD occurs more frequently in males and ADD exacerbates the severity and cognitive
morbidity of reading deficits. Since ADD and reading deficits often co-occur, more males
are typically identified as reading disabled, spuriously inflating the gender ratio in favor of
males (Bowman Gray,*® Miami®).

B The effects of ADD on cognitive functioning are variable with primary deficits in rote
verbal learning and memory. ADD appears relatively unrelated to naming and phonemic
awareness tasks (Bowman Gray*®).

GENETICS

B A multiple regression analytic procedure has been developed by DeFries and his col-
leagues that allows for the analysis of the genetic etiology of individual differences in com-
ponent language and reading skills. This is a unique and flexible methodology that can be
used to assess differential genetic and environmental effects (Colorado***").

W There is strong evidence for genetic etiology of reading disability, with deficits in phono-
logical awareness reflecting the greatest degree of heritability (Colorado**?).

W There-appears to be at least one type of reading disability that can be linked to the HLA
region of Chromosome 6 reflecting an association with autoimmune disorders (Colorado,*®
Miami’). Recent evidence obtained from twin and kindred siblings with severe deficits in

reading performance show strong evidence for a Quantitative Trait Locus on chromosome 6
(Colorado®).
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NEUROANATOMY, NEUROPHYSIOLOGY, AND NEUROIMAGING

B Several types of brain pathology, including microdysgenesis (Ectopias). cell loss, and
abnormalities of the corpus callosum are present in a number of strains of immune defec-
tive mice. There is a similarity between the brain lesions seen in the mouse model and in
humans with dyslexia (Beth Israel/Harvard*®).

m At the macroscopic level, atypical neural organization in dyslexic individuals is suggest-
ed by absence of the normal left-greater-than-right asymmetry in the posterior temporal
planunt (Beth Israel/Harvard®’).

B There is converging evidence from anatomical microstructure studies. gross morphology
studies, and neuroimaging studies that the phenotypic expression in dyslexia is related to
anomalous organization of tissue and processing systems subserved within the posterior left
hemisphere (Beth Israel/Harvard,*’ Bowman Gray*).

¥ Regional Blood Flow studies indicate that the poor reading development in dyslexics is
associated with less activation than normal in the left temporal region with atypically
increased activation in the region of the angular gyrus (Bowman Gray*®).

® Positron Emission Tomographic studies indicate that dyslexic adults have greater than
normal activation in regional metabolic values in the occipital (lingual) and pre-frontal
regions of the cortex (Miami").

-

TREATMENT/INTERVENTION

W Disabled readers do not readily acquire the alphabetic code when leaming to read due
to deficiencies in the processing of phonological processing. As such, disabled readers
must be presented highly structured, explicit and intensive instruction in phonics rules
and the application of the rules to print (Bowman Gray*’).

B Longitudinal data indicate that systematic structured phonics instruction results in more
favorable outcomes in reading than does a context-emphasis (Whole Language) approach
(Bowman Cray”).

B Dyslexic readers who have been remediated and who are at normal to near normal read-
ing levels in adulthood continue to display atypical neural processing as assessed by
regional cerebral blood flow studies. This finding suggests that initial neuropathology

remains stable over time, despite remediation, and that compensatory mechanisms may be

developed (Bowman Gray*).
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FUTURE RESEARCH DIRECTIONS IN LD

n addition to the research initiatives and programs described above, the NICHD is

developing and expanding programs and plans in area of treatment/intervention for LD

children-and in the area of cognitive neuroscience and neuroimaging. Each of these
areas of inquiry are described briefly.

TREATMENT/INTERVENTION

Review of the literature related to reading disabilities and other learning disabilities
indicates that no single treatment/intervention approach or method is likely to yield clini-
cally significant, long-term, therapeutic gains with children diagnosed with LD.!?
Unfortunately, to date, there exists scant scientific support for the use of particular inter-
ventions or combinations of interventions with different types of learning disabilities.
Because of this, the NICHD has recently launched a major research effort to determine
. which treatment methods or combinations of methods, provided in which setting, have the
most effective impact on well defined domains of child functioning, for how long, and for
what reasons. Within this context, two highly controlled and well designed Longitudinal
prospective intervention studies with LD children are now being supported at the Florida
State University under the direction of Dr. Joseph Torgesen and the University of Houston
under the direction of Dr. Barbara Foorman. Additional treatmenVintervention initiatives
are being planned at this time.

COGNITIVE NEUROSCIENCE AND NEUROIMAGING

There exists a critical need to understand how the human brain is organized for
complex behaviars, and to know more specifically how the child with LD and the normal
leamner differ with respect to central nervous system functioning. In addition, it is impor-
tant for us to understand how such physiological and neuroanatomical differences are
related to indices of heritability and environmental influences. Qur ability to assess brain-
behavior relationships in an accurate, yet noninvasive manner, is improving significantly
as we begin to employ dramatic new advances in neuroimaging technology. For instance,
The Shaywitz group at Yale is moving forward with the application of Functional Magnetic
Resonance Imaging studies with reading disabled and normal thildren. In addition, Dr.
Allen Reiss and his colleagues at Johns Hopkins are designing imaging software that will
allow different sites to compare neuroimaging data and how best to register functional
brain information with-structurat-brain information. These projects, as well as initiatives
being planned, should serve to provide the empirical foundation necessary to not only
understand the limits of individual variability in brain structure and function, but to identi-
fy the neurobiological underpinnings of learning disabilities.
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SUMMARY

in LD and related disorders. As an index of the heightened research activity in this

arena, consider that NICHD support for projects related to learning and language dis-
abilities has increased from $1.75 million in 1975 to over $15 million in 1993—a cumulative
total of approximately $80 million. Given the significant discoveries made by the Program
Projects, LDRC’s and individual research grants supported through these increases, the
money clearly has been well spent. Within the past 10 years, NICHD research has identified
the major cognitive mechanisms underlying dyslexia and other leaming disabilities and how
the assessment of these mechanisms can help to predict the onset, developmental course, and
outcomes of such disorders. Moreover, NICHD scientists have contributed substantially to an
understanding of how the genome, the brain, and the environment interact to produce indi-
vidual variations in learning. Given this knowledge, we are hopeful that the newly funded
treatment/intervention projects will provide guidance with respect to ameliorating the devas-
tating effects of leamning disabilities on both children and adults.

The NICHD has been, and will continue to be responsive to the critical research needs
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Research conducted and supported by the National
Institute of Mental Health brings hope to millions'of people
who suffer from mental illness and to their families and
friends. In many years of work with animal as well as
human subjects, researchers have advanced our
understanding of the brain and vastly expanded the
capability of mental health professionals to diagnose, treat,
and prevent mental and brain disorders.

Now, in the 1990s, which the President and Congress
have declared the "Decade of the Brain,” we stand at the
threshold of a new era in brain and behavioral sciences.
Through research, we will learn even more about mental
and brain disorders such as depression, bipolar disorder,
schizophrenia, panic disorder, obsessive-compulsive
disorder, and attention deficit hyperactivity disorder. And
we will be able to use this knowledge to develop new
therapies that can help more people overcome mental
iliness.

The National Institute of Mental Health is part of the
National Institutes of Health {NIH), the federal
Government’s primary agency for biomedical and
behavioral research. NIH is a component of the U S,
Department of Health and Human Services.
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Attention Deficit
Hyperactivity Disorder

Imagine living in a fast-moving kaleidoscope, where
sounds, images, and thoughts are constantly shilting.
Feeling easily bored, yel helpless to keep your mind on
tasks you need to complele. Distracted by unimportant
sights and sounds, your mind drives you from one thought
or aclivity 1o the next. Perhaps you are so wrapped up in a
collage of thoughts and images that you don't notice when
someone speaks o you.

for many people, this is what it's like to have Atiention
Deficit Hyperactivity Disorder, or ADHD. They may be
unable to sit still, plan ahead, finish tasks, or be fully aware
of what’s going on around them. To their family,
classmates, or coworkers, they seem to exist in a whirlwind
of disorganized or frenzied activity. Unexpectedly—on
some days and in some siluations—they seem line, often
leading others to think the person with ADHD can actually
control these behaviors. As a result, the disorder can mar
the person’s relationships with others in addition to
disrupting their daily life, consuming energy, and
diminishing self-esteem.

ADHD, once called hyperkinesis or minimal brain
dysfunction, is one of the most common mental disorders
among children. It affects 3 to 5 percent of all children,
perhaps as many as 2 million American children. Two to
three times more boys than girls are alfected. On the
average, at least one child in every classroom in the United
States needs help for the disorder. ADHD often continues
into adolescence and aduithood, and can cause a lifetime
of frustrated dreams and emational pain.

But there is help...and hope. In the last decade,
scientists have learned much about the course of the
disorder and are now able to identify and treat children,
adolescents, and adults who have it. A variety of
medications, behavior-changing therapies, and educational
options are already available to help people with ADHD
focus their attention, build self-esteem, and function in new
ways.




In addition, new avenues of research promise to further
improve diagnosis and treatment. With so many American
children diagnosed as having attention disorder, research
on ADHD has become a national priority. During the
1990s—which the President and Congress have declared
the “Decade of the Brain™— it is possible Lhat scientists will
pinpoint the biological basis of ADHD and learn how 1o
prevent or lreat it even more effectively.

This booklet is provided by the National Institule of
Mental Health {(NIMH), the Federal agency that supporls
research nationwide on the brain, mental ilinesses, and
mental health. Scientists supported by NIMH are dedicated
to understanding the workings and interrelationships of the
various regions of the brain, and to developing preventive
measures and new treatments to overcome brain disorders
that handicap people in school, work, and play.

The booklet offers up-to-date information on attention
deficit disorders and the role of NIMH-sponsored research
in discovering underlying causes and effective treatments.
It describes treatment options, strategies for coping, and
sources of information and support. You'!l {ind out what
it's like to have ADHD from the stories of Mark, Lisa, and
Henry. You'll see their early frustrations, their steps toward
getting help, and their hopes for the future.

The individuals referted to in this brochure are not real,
but their stories are representative of pevple who show
symptoms of ADHD.

Understanding the Problem

Mark

Mark, age 14, has more energy than most boys his age.
But then, he’s always been overly active. Slarting at age 3,
he was a human tornado, dashing around and disrupting
everylhing in his path. At home, he darted from one
actlivity to the next, leaving a trail of toys behind him. At
meals, he upset dishes and chattered nonstop. He was
reckless and impulsive, running into the street with
oncoming cars, no matter how many times his mother
explained the danger or scolded him. On the playground,
he seemed no wilder than the other kids. But his tendency
to overreact—like sacking playmates simply for bumping
into him—had already gotten him into trouble several
times. His parents didn‘t know what to do. Mark’s doting
grandparents reassured them, “Boys will be boys. Don't
worry, he’ll grow out of it.” But he didn’t.

Lisa

At age 17, Lisa still struggles to pay attention and act
appropriately. But this has always been hard (or her. She
still gets embarrassed thinking about that night her parents
took her to a restaurant to celebrate her 10th birthday. She

" had gotten so distracted by the waitress’ bright red hair that

her father called her name three times before she
remembered 1o order. Then belore she could stop herself,
she blurted, *Your hair dye looks awfull®

In elementary and junior high school, Lisa was quiet
and cooperative but often seemed to be daydreaming. She
was smarl, yet couldn’t improve her grades no matier how
hard she tried. Several times, she failed exams. Even
though she knew most of the answers, she couldn’t keep
her mind on the test. Her parents 1esponded 1o her low
grades by taking away privileges and scoldirig, “You're just
lazy. You could get beller grades if you only tried.” One
day, after Lisa had failed yet another exam, the teacher
found her sobbing, “What's wrong with me?”




What

are the
symptoms
of ADHD?

Henry

Although he oves puttering around in his shop, for years
Henry has had dozens of unfinished carpentry projects and
ideas for new ones he knew he would never complete.
His garage was piled so high with wood, he and his wife
joked about holding a fire sale.

Every day Henry (aced the real {rustration of not being
able to concentrate long enough to complete a task. He
was fired from his job as stock clerk because he lost
inventory and carelessly filled out forms. Over the years,
afraid that he might be losing his mind, he had seen
psychotherapists and tried several medications, but none
ever helped him concentrale. He saw the same lack of
focus in his young son and worried.

The three people you've just met, Mark, Lisa, and Henry,
all have a form of ADHD—Attention Deficit Hyperactivity
Disorder. ADHD is not like a broken arm, or strep throat.
Unlike these two disorders, ADHD does not have clear
physical signs that can be seen in an x-ray or a lab test.
ADHD can only be identified by looking for cenain
characteristic behaviors, and as with Mark, Lisa, and Henry,
these behaviors vary from person 1o person. Scientists have
not yet identified a single cause behind all the different
patterns of behavior—and they may never find just one.
Rather, someday scientists may find that ADHD is actually
an umbrella term for several slightly different disorders.

At present, ADHD is a diagnosis applied o children and
adults who consistently display certain characteristic
behaviors over a period of time. The most common
behaviors fall into three categories: inattention,
hyperactivity, and impulsivity.

‘Inattention. People who are inattentive have a hard
time keeping their mind on any one thing and may get
bored with a task after only a few minutes. They may give
effortless, automatic attention to activities and things they
enjoy. But focusing deliberate, conscious attention to
organizing and completing a task or learning something
new is difficult.

For example, Lisa found it agonizing to do homework.
Ollen, she forgot to plan ahead by writing down the
assignment or bringing home the right books. And when
trying to work, every few minutes she found her mind
drifting to something else. As a result, she rarely hnnshed
and her work was full of errors.

Hyperactivity. People who are hyperactive always
seem to be in motion. They can’t sit still. Like Mark, they
may dash around or talk incessantly. Sitting still through a
lesson can be an impossible task. Hyperactive children
squirm in their seat or roam around the room. Or they
might wiggle their leet, touch everything, or naisily tap
their pencil. Hyperactive teens and adults may feel
intensely restless. They may be (idgety or, like Henry, they

may lry to do several things at once, bouncing around from ’
one aclivity 1o the next. % lpaltentwe, ot
$3impylsive has
Impulsivity. People who are overly impulsive seem ' %Altentlon

unable to curb their immediate reactions or think before Defutl ¥
they act. As a result, like Lisa, they may blurt out Hypgrachvuly
inappropriate comments. Or like Mark, they may run into Dlsorder. B
the street without looking.- Their impulsivity may make it 5y i
hard for them to wait for things they want or 1o take their AW
turn in games. They may grab a toy from another child or
hit when they’re upselt.

Not everyone who is overly hyperactive, inattentive, or
impulsive has an attention disorder. Since most people
sometimes blurt out things they didn’t mean to say, bounce
from one task to another, or become disorganized and
forgetful, how can specialists tell if the problem is ADHD!?

To assess whether a persan has ADHD, specialists
consider several critical questions: Are these behaviors
excessive, long-term, and pervasive! That is, do they occur
more often than in other people the same age? Are they a
continuous problem, not just a response to a temporary
situation? Do the behaviors occur in several seitings or
only in one specilic place like the playground or the office?
The person’s pattern of behavior is compared against a sel
of criteria and characteristics of the disorder. These criteria
appear in a diagnostic reference book called the DSM (short
for the Diagnostic and Statistical Manual of Mental Disorders).
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According to the diagnostic manual, there are three
palterns of behavior that indicate ADHD. People with
ADHD may show several signs of being consistently
inattentive. They may have a pattern of being hyperaclive
and impulsive. Or they may show all three types ol
behavior.

According to the DSM, signs of inaltention include:

e becoming easily distracted by irrelevant sights and
sounds

efailing 1o pay attention to details and making careless
mistakes

drarely following instructions carefully and completely

slosing or forgelting things like toys, or pencils, buoks,
and tools needed for a task .

Some signs of hyperactivity and impulsivity are:

efeeling restless, olten tidgeting with hands or feet, or
s5quirming

erunning, climbing, or leaving a seat, in situations where
sitting or quiet behavior is expected

eblurting out answers before hearing the whoule question

shaving difficulty waiting in line or for a turn

Because everyone shows some of these behaviors at
times, the DSM contains very specific guidelines for
detérmining when they indicate ADHD. The behaviors
must appear early in life, before age 7, and continue for at
least 6 months. In children, they must be more lrequenl or
severe than in others the same age. Above all, the
behaviors must create a real handicap in at least two areas
of a person’s life, such as school, home, work, or social
settings. So someone whose work or friendships are not
impaired by these behaviors would not be diagnosed with
ADHD. Nor would a child who seems overly active at
school but functions well elsewhere.

The fact is, many things can produce these behaviors.
Anything from chronic lear to mild seizures can make a
child seem overactive, quarrelsome, impulsive, or
inattentive. For example, a formerly cooperative child who
becomes overactive and easily distracted after a parent’s
death is dealing with an emotiona! prablem, not ADHD. A
chronic middle ear infection can also make a child seem
distracted and uncooperative. So can living with family
members who are physically abusive or addicted to drugs
or alcohol. Can you imagine a child trying to focus on a
math lesson when his or her safety and well-being are in
danger each day? Such children are showing the effects of
other problems, not ADHD.

In other children, ADHD-like behaviors may be their
response to a deleating classroom situation. Perhaps the
child has a learning disabilily and is not developmentally
ready to learn to read and write al the time these are
taught. Or maybe the work is too hard or too easy, leaving
the child.frustrated or bored.

Tyrone and Mimi are two examples of how classroom
conditions can elicit behaviors that look iike ADHD. For
months, Tyrone shouted answers out in class, then became
disruptive when the teacher ignored him. He certainly
seemed hyperactive and impulsive. Finally, after observing
Tyrone in other situations, his teacher realized he just
wanted approval for knowing the right answer. She began
to seek opportunities to call on him and praise him.
Gradually, Tyrone became calmer and more cooperative.

Mimi, a fourth grader, made loud noises during reading
group that constantly disrupted the class. One day the
teacher realized that the book was too hard for Mimi.
Mimi’s disruptions stopped when she was placed in a
reading group where the books were easier and she could
successlully participate in the lesson.

Like Tyrone and Mimi, some children’s attention and
class participation improve when the class structure and
lessons are adjusted a bit to meet their emotional needs,
instructional level, or learning style. Although such
children need a little help 10 get on track at school, they
probably don’t have ADHD.

Can any
other
conditions
produce
these
symptoms.
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Can other
disorders

accompany
ADHD?

IU's also important to realize that during certain stages of
development, the majority of children that age tend 1o be
inattentive, hyperactive, or impulsive—but do not have
ADHD. Preschoolers have lols of energy and run
everywhere they go, but this doesn’t mean they are
hyperactive. And many teenagers go through a phase
when they are messy, disorganized, and reject authority. It
doesn’t mean they will have a lifelong problem controlling
their impulses. '

ADHD is a serious diagnosis that may require long-term
treatment with counseling and medication. So it's
important that a doctor first look for and treat any other
causes for these behaviors.

One of the difficulties in diagnosing ADHD is lhat it is
often accompanied by other problems. For example, many
children with ADHD also have a specific learning disability
(LD}, which means they have trouble mastering language or
certain academic skills, typically reading and math. ADHD
is not in itself a specific learning disability. But because it
can interfere with concentration and attention, ADHD can

make it doubly hard for a child with LD to do well in school.

A very small proportion of people with ADHD have a
rare disorder called Tourette’s syndrome. People with
Tourette’s have tics and other movements like eye blinks
or facial twitches that they cannot control. Others may
grimace, shrug, sniff, or bark out words. Fortunately,
these behaviors can be controlled with medication.
Researchers at NIMH and elsewhere are involved in
evaluating the safety and effectiveness of treatment for
people who have both Tourette’s syndrome and ADHD.

More serious, nearly half of all children with
ADHD—mostly boys—tend to have anather condition,
called oppositional defiant disorder. Like Mark, who
punched playmates for jostling him, these children may
overreact or lash out when they feel bad about themselves.
They may be stubborn, have outbursts of temper, or act
belligerent or defiant. Sometimes this progresses to mose
serious conduct disorders. Children with this combination
of problems are at risk of getting in trouble at school, and
even with the police. They may lake unsafe risks and

break laws—they may steal, set fires, destroy property, and
drive recklessly. (s important that childrea with these
conditions receive help before the behaviors lead to more
serious problems.

At some point, many children with ADHD—mostly
younger children and boys—experience other emotional
disorders. About one-fourth feel anxious. They feel
tremendous worry, tension, of uneasiness, even when
there’s nothing to fear. Because the feelings are scarier,
stronger, and more frequent than normal fears, they can
affect the child’s thinking and behavior. Others experience
depression. Depression goes beyond ordinary
sadness—people may feel so “"down” that they feel hopeless
and unable to deal with everyday tasks. Depression can
disrupt sleep, appetite, and the ability to think.

Because emational disorders and attention disorders so
often go hand in hand, every child who has ADHD should
be checked for accompanying anxiety and depression.
Anxiety and depression can be treated, and helping
children handle such strong, painful feelings will help them
cope with and overcome the effects of ADHD.

Of course, not all children with ADHD have an
additional disarder. Nor do all people with learning
disabilities, Tourette’s syndrome, oppositional defiant
disorder, conduct disorder, anxiety, or depression have
ADHD. But when they do occur together, the combination
of problems can seriously complicate a person’s life. For
this reason, it’s important to watch for other disorders in
children who have ADHD.

Understandably, one of the first questions parents ask when
they learn their child has an attention disorder is "Why?
What went wrong?®

Health professionals stress that since no one knows
what causes ADHD, it doesn’t help parents to look
backward to search for possible reasons. There are too
many possibilities to pin down the cause with certainty. It
is far more imporlant for the family to move forward in
finding ways to get the right help.

Scientists, however, do need to study causes in an effort
to identify better ways to treat, and perhaps some day,
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prevent ADHD. They are finding more and more evidence
that ADHD does not stem from home environmunt, but
from biological causes. When you think about it, there is
no clear relationship between home life and ADHD. Not
all children from unstable or dysfunctional homes have
ADHD. And not all children with ADHD come from
dysfunctional families. Knowing this can remove a huge
burden of guilt from parents who might blame themselves
for their child’s behavior.

Over the last decades, scientists have come up with
pdssible thearies about what causes ADHD. Some of these
theories have led to dead ends, some to exciling new
avenues of investigation.

One disappointing theory was that all, attention disorders
and learning disabilities were caused by minor head
injuries or undetectable damage 1o the brain, perhaps lrom
early infection or complications at birth. Based on this
theory, for many years both disorders were called “minimal
brain damage” or “minimal brain dysfunction.” Although
certain types of head injury can explain some cases of
attention disorder, the theory was rejecled because it could
explain only a very small number of cases. Not everyone
with ADHD or LD has a history of head trauma or birth
cohplicalions.

Another theory was that refined sugar and food additives
make children hyperactive and inattentive. As a result,
parents were encouraged to stop serving children foods
containing artificial flavorings, preservatives, and sugars.
However, this theory, 100, came under question. In 1982,
the National Institutes of Health (NiH), the Federal agency
responsible for biomedical research, held a major scientific
conference to discuss the issue. After studying the data, the
scientists concluded that the restricted diet only seemed to
help about 5 percent of children with ADHD, mostly either
young children or children with food allergies.

In recent years, as new 1ools and techniques for
studying the brain have been developed, scientists have
been able to test more theories about what causes ADHD.

Using one such technique, NIMH scientists demanstrated
a link between a person’s ability to pay continued attention
and the level of activity in the brain. Adult subjects were

asked to learn a list of words. As they did, scientists used a
PET (positron emission taomography) scanner to obsesve the
brain at work. The researchers measured the level of
glucose used by the areas of the brain that inhibit impulses
and control attention. Glucose is the brain’s main source
of energy, so measuring how much is used is a good
indicator ol the brain’s activity level. The investigators
found important differences belween people who have
ADHD and those who don’t. In people with ADHD, the
brain areas that control attention used less glucose,
indicating that they were less active. It appears from this
research that a lower level of aclivily in some parts of the
brain may cause inatlention.

Brain scan images
produced by positron
emission tomograpln
(PET) show differenc:
between an adult wn
Allention Delicit
Hyperactivity Disorch
(right) and an adult
of the disease (left)

The next step will be to research why there is less
activity in these areas of the brain. Scientists at NIMH
hope to compare the use of glucose and the activily level
in mild and severe cases of ADHD. They will also try to
discover why some medications used to treat ADHD work
better than others, and if the more eflective medications
increase activity in certain parls of the brairi.

Researchers are also searching for other dilferences
between those who have and do not have ADHD.
Research on how the brain normally develdps in the fetus
offers some clues about what may disrupt the process.
Throughout pregnancy and continuing intu the first year of
life, the brain is constantly developing. It begins its growth
from a few all-purpose cells and evolves into a complex
organ made of billions of specialized, interconnected nerve
cells. By studying Lrain development in animals and
hiumans, scientists are gaining a better understanding of
how the brain works when the nerve cells are connected




correctly and incorrectly. Scientists at NIMH and other
research institutions are tracking clues to determine what
might prevent nerve cells from forming the proper
connections. Some of the factors they are studying include
drug use during pregnancy, toxins, and genetics.

Research shows that a mother's use of cigarettes,
alcohol, or other drugs during pregnancy may have
daniaging effects on the unborn child. These substances
may be dangerous to the letus’ developing brain. 1t
appears that alcohol and the nicotine in cigarettes may
distort developing nerve cells. For example, heavy alcohol
use 'during pregnancy has been linked to fetal alcohol
syndrome (FAS), a condition thal can lead to low birth

weighl, intellectual impairment, and certain physical delects.

Many children born with FAS show much-the same hyper -

activity, inattention, and impulsivity as children with ADHD.

Drugs such as cocaine—including the smokable {orm
known as crack—seem to affect the normal development of
brain receptors. These brain cell parts help to transmit
incoming signals from our skin, eyes, and ears, and help
control our responses to the environment. Current research
suggests that drug abuse may harm these receptuis. Some
scientists believe that such damage may lead to ADHD.

Toxins in the environment may also disrupt brain
development or brain processes, which may lead to
ADHD. " Lead is one such possible toxin. It is found in
dust, soil, and flaking paint in areas where leaded gasoline
and paint were once used. It is also present in some water
pipes. Some animal studies suggest that children exposed
to lead may develop symptoms associated with ADHD, but
only a few cases have actually been found.

Other research shows that attention disorders tend to
run in families, so there are likely to be genetic influences.
Children who have ADHD usually have at least one close
relative who also has ADHD. And at least one-third of all
fathers who had ADHD in their youth bear children who
have ADHD. Even more convincing: the majority of
identical twins share the trait. At the National Institutes of
Health, researchers are also on the trail of a gene that may
be involved in transmitting ADHD in a small number of
families with a genetic thyroid disorder.

Getting Help

Mark

In third grade, Mark’s teacher threw up her hands and said,
“Enough!” In one morning, Mark had jumped out of his
seat to sharpen his pencil six times, each time accidentally
charging into other children’s desks and toppling books
and papers. He was finally sent to the principal’s office
when he began kicking a desk he had overturned. In sheer
frustration, his teacher called a meeting with his parents
and the school psychologist.

But even alter they developed a plan for managing
Mark’s behavior in class, Mark showed little improvement.
Finally, after an extensive assessment, they found that Mark
had an attention delicit that included hyperactivity. He
was put on a medication called Ritalin to control the
hyperactivity during school hours. Although Ritalin failed
to help, another drug called Dexedrine did. With a
psychologist's help, his parents learned to reward desirable
behaviors, and to have Mark take “time out” when he
became too disruplive. Soon Mark was able to sit still and
focus on learning.

Lisa

Because Lisa wasn't disruptive in class, it took a long time
for teachers to notice her problem. Lisa was first referred
to the school evaluation team when her teacher realized
thal she was a bright girl with failing grades. The team
ruled out a learning disability but determined that she had
an attention deficit, ADHD without hyperactivity. The
school psychologist recognized that Lisa was also dealing
with depression.

Lisa’s teachers and the school psychologist developed a
treatment plan that included participation in a program to
increase her attention span and develop her social skills.
They also recommended that Lisa receive counseling to
help her recognize her strengths and overcome her
depression,
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Henry

When Henry’s son enlered kindergarten, it was clear that
he was going to have problems sitting quietly and
concenlrating. After several disruptive incidents, the school
called and suggesled that his son be evaluated for ADHD.
As the boy was assessed, Henry realized that he had grown
up with the same symptoms that specialists were now
ﬁndlng in his son. Fortunately, the psychologist knew that
ADHD can persist in adults. She suggested that Henry be
evaluated by a professional who worked with adults.

For the first time, Henry was correctly diagnosed and given
Ritalin to aid his concentration. What a reliefll All the
years that he had been unable to concentrate were due to a
disorder that could be identified, and above all, treated.

Many parents see signs of an attention deficit in toddlers
long before the child enters school. For example, as a
3-year-old, Henry's son already displayed some signs of
hyperactivity. He seemed to lose interest and dart off even
during his favorite TV shows or while playing games.
Once, during a game of “catch,” he left the game before
the ball even reached himl

Like Henry’s son, a child may be unable to focus long
enough lo play a simple game. Or, like Mark, the child
may be tearing around out of control. But because
children mature at different rates, and are very dilferent in
personality, temperament, and eneigy level, it’s useful 1o
gel an expert’s opinion of whether the behaviors are
appropriate for the child’s age. Parents can ask their
pediatrician, or a child psychologist or psychiatust to assess
whether their toddler has an atiention disorder or 1s just
immature, has hyperactivity or is just exuberant.

Seeing a child as “a chip ol the old block” or *just like
his dad” can blind parents 1o the need for help. Parents
may find it hard to see their child’s behaviar as a problem

when it so closely resembles their own In fact, ke Henry,

many parents first recognize their awn disorder only when
their children are diagnosed.

In many cases, the teacher is the first to recognize that a
child is hyperactive or inattentive and may consult with the
school psychologist. Because teachers work with many
children, they come to know how “average” children
behave in learning situations that require attention and self
control. However, leachers sometimes fail to notice the
needs of children like Lisa who are quiet and cooperative.

Types of professionals
who make the diagnosis

School-age and preschool children are often evaluated by a
school psychologist or a team made up of the school
psychologist and other specialists. But il the schoo! doesn’t
believe the student has a problem, or if the family wants
another opinion, a family may need to see a specialist in
private practice. In such cases, who can the family turn to?
What kinds of specialists do they need?

' Can'prescyib rdxl;léil!}'
s el dl - .P LA L b O
R DHD medicatlo kpapseling ¢
P AR P ekt ok | ifineeded Bl | training i-.
Psychiatrists yes yes yes
Psychologists yes no yes
Pedi..al!'icians or family yes yes no
physicians
Neurologists yes yes no

The family can start by talking with the child’s
pediatrician or their family doctor. Some pediatricians may
do lhe assessment themselves, bul more often they refer the
family 1o an appropriate specialist they know and trust. In
addition, stale and local agencies that serve families and
children, as well as some of the volunteer organizations
listed in the back of this booklet, can help identify an
appropriale' specialist.

Knowing the differences in qualifications and services
can help the family chouse someone who can best meel
their needs. Besides school psychologists, there are several
types of specialisls qualified to diagnose and treat ADHD.
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Child psychiatrists are doctors who specialize in diagnosing
and treating childhood mental and behavioral disorders. A
psychiatrist can provide therapy and prescribe any needed
medications. Child psychologists are also qualilied 1o
diagnose and treat ADHD. They can provide therapy for
the child and help the family develop ways to deal with the
disdrder. But psychologists are not medical doctors and
must rely on the child’s physician to do medical exams and
prescribe medication. Neurologists, doctors who work
with disorders of the brain and nervous system, can also
diagnose ADHD and prescribe medicines. But unlike
psychiatrists and psychologists, neurologists usually do not
provide therapy for the emotional aspects of the disorder.
Adults who think they may have ADHD can also seek a
psychologist, psychiatrist, or neurologist. But at present,
not all specialists are skilled in identifying or treating
ADHD in adults.

Within each specialty, individual doctors and mental
health professionals differ in their experience with ADHD.
So in selecting a specialist, it’s important to find someone
with specific training and experience in diagnosing and
treating the disorder.

Steps in making a diagnosis

Whatever the specialist’s expertise, his or her [irst task is lo
gather information that will rule out other possible reasons
for the child’s behavior. In ruling out other causes, the
specialist checks the child’s school and medical records.
The specialist tries to sense whether the home and
classroom environments are stressful or chaotic, and how
the child’s parents and teachers deal with the child. They
may have a doctor look for such problems as emolional
disorders, undetectable {petit mal) seizures, and poor vision
or hearing. Most schools automatically screen for vision
and hearing, so this information is oflten already on record.
A doctor may also look for allergies or nutrition problems
like chronic “caffeine highs® that might make the child
seem overly aclive.

Next the specialist gathers information on the child’s
ongoing behavior in order to compare these behaviors to
the symptoms and diagnostic criteria listed in the DSM
{Diagnostic and Statistical Manual of Menial Disorders).
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This involves talking with the child and if possible,
observing the child in class and in other settings.

The child’s teachers, past and present, are asked to rate
their observations of the child’s behavior on standardized
evaluation forms to compare the child’s behaviors to those
of olher children the same age. Of course, rating scales are
subjective—they only capture the teacher’s personal
perception of the child. Even so, because teachers get lo
know so many children, their judgment of how a child
compares to others is usually accurate.

The specialist inlerviews the child’s teachers, parents,
and other people who know the child well, such as school
staff and baby-sitters. Parents are asked to describe their
child’s behavior in a variely of situations. They may also
fill out a rating scale to indicate how severe and frequent
the behaviors seem to be.

In some cases, the child may be checked for social
adjustment and mental health. Tests of intelligence and
learning achievement may be given to see if the child has a
learning disability and whether the disabilities are in all or
only certain parts ol the school curriculum.

In looking al the data, the specialist pays special
attention to the child’s bebavior during noisy or
unstructured situations, like parties, or during tasks that
require sustained attention, like reading, working math
problems, or playing a board game. Behavior during (ree
play or while getting individual attention is given less
importance in the evaluation. In such situations, most
children with ADHD are able to control their behavior and
perform well.

The specialist then pieces together a profile of the
child’s behavior. Which ADHD-like behaviors listed in the
DSM does the child show! How often? In what situations?
How long has the child been daing them? How old was
the child when the problem started? Are the behaviors
seriously interfering with the child’s friendships, schoo!
activities, or home lifet Does the child have any other
related problems? The answers to these guestions help
identify whether the child’s hyperactivity, impulsivity, and
inaltention are significant and long-standing. If so, the
child may be diagnosed with ADHD.
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Aduits are diagnosed lor ADHD based on their
performance at home and at work. When possible, therr
parents are asked lo rate the person’s behavior as a child.
A spouse or roommate can help rate and evaluale cunent
behaviors. But for the most part, adults are asked to
describe their own experiences. One symplom s a sense
of ftustration. Since people with ADHD are often bright
and creative, they often report feeling frustrated that they’re
not living up to their potential. Many also leel restless and
are easily bored. Some say they need to seek novelty and
excitement to help channel the whirlwind in their minds.
Although it may be impossible to document when these
behaviors first started, most adults with ADHD can give
examples ol being inattentive, impulsive, overly active,
impatient, and disorganized most ol their lives.

Until recent years, adults were not thought to have
ADHD, so many adults with ongoing symptoms have never
been diagnosed. People like Henry go for decades
knowing that something is wrong, but not knowing what it
is. Psychotherapy and medication for anxiety, depression,
or manic-depression lail to help much, simply because the
ADHD itsell is not being addressed. Yet half the childien
with ADHD continue to have symptoms through
adulthood. The recent awareness of adult ADHD means
that many people can finally be correctly diagnosed and
treated.

A correct diagnosis lets people move lorward in their
lives. Once the disorder is known, they can begin to
receive whatever combination of educational, medical, and
emotional help they need.

An effective treatment plan helps people with ADHD
and their families at many levels. For adults with ADHD,
the treatment plan may include medication, along with
practical and emotional support. For children and
adolescents, it may include providing an appropriate
classroom setting, the night medication, and helping parents
to manage their child’s behavior.

Children with ADHD have a variety of needs. Some
childien are too hyperactive or inatlentive to function in a
regular classroom, even wilh mechcation and a behavior
management plan. Such children may Le placed in a
special education class for all or part of the day. In some
schools, the special education teacher leams with the
classroom leacher 1o meet each child's unique needs.
However, most children are able to slay in the regular
classroom. Whenever possible, educators prefer to not to
segregate children, but to let them learn along with their
peers.

Children with ADKD often need some special
accommodations to help them learn. For example, the
teacher may seat the child in an area with few distractions,
provide an area where the child can move around and
release excess energy, or establish a clearly posted system
of rules and reward appropriate behavior. Somelimes just
keeping a card or a piclure on the desk can serve as a
visual reminder to use the right school behavior, like
raising a hand instead of shouling out, or staying in a seat
instead of wandering around the room. Giving a child like
Lisa extra time on lests can make the difference belween
passing and failing, and gives her a fairer chance o show
what she’s learned. Reviewing instructions or writing
assignments on the board, and even listing the books and
materials they will need for the task, may make it possible
for disorganized, inattentive children to complete the work.

Many of the strategies of special education are simply
good teaching methods. Telling students in advance what
they will learn, providing visual aids, and giving written as
well as oral instructions are all ways to help students focus
and remember the key parts of the lesson.

Students with ADHD olten need to learn techniques
for monitoring and controlling their own attention and
behavior. For example, Mark’s teacher taught him several
allernatives for when he loses track of what he's supposed
to do. He can look lor instructions on the blackboard,
raise his hand, wait to see il he remembers, or quietly ask
another child. The process of {inding alternatives to
interrupting the teacher has made him more self-sufficient
and cooperative. And because he now interrupts less, he is
beginning to get more praise than reprimands.

What are
the
educations
options?




In Lisa’s class, the teacher frequently stops 1o ask
students to notice whether they are paying attention lo the
lesson or if they are thinking about something else. the
- students record their answer on a chart. As students
become more consciously aware of their attention, they
begin to see progress and feel good about staying belter
focused. The process helped make Lisa aware of when she
was drifting off, so she could return her attention to the
lesson faster. As a result, she became more produclive and
the quality of her work improved.

Because schools demand that children sit still, wail for a
turn, pay attention, and stick with a task, it's no surprise
that many children with ADHD have problems in class.
Their minds are fully capable of learning, but their
hyperactivity and inattention make learning difticult. As a
result, many students with ADHD repeat a grade or drop
out of school early. Fortunately, with the right combination
of appropriate educational practices, medicalion, and
counseling, these outcomes can be avoided.

Rigl_\t to a free public education

Although parents have the option of taking their chiid to a
private practitioner for evaluation and educational services,
most children with ADHD qualify for free services within
the public schools. Steps are taken to ensure thal each
child with ADHD receives an education that meets his or
her unique needs. For example, the special education
teacher, working with parents, the school psychologist,
school administrators, and the classroom teacher, must
assess the child’s sirengths and weaknesses and design an
Individualized Educational Program (IEP). The IEP outlines
the specific skills the child needs to develop as well as
appropriate learning activities that build on the child’s
strengths, Parents play an important role in the process.
They must be included in meetings and given an
opportunily to review and approve their child’s IEP.

Many children with ADHD or other disabilities are able
to receive such special education services under the
Individuals with Disabilities Education Act (IDEA). The Act
guarantees appropriate services and a public education to
children with disabilities from ages 3 to 21. Children who
do not qualify for services under IDEA can receive help
under an earlier law, the National Rehabilitation Act,
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What
treatments
are
available?

Section 504, which defines disabilities more broadly.
Qualifying for services under the National Rehabilitation
Act is often called 504 eligibility.”

Because ADHD is a disability that affects children’s
ability to learn and inleract with others, it can cerlainly be
a disabling condition. Under one law or anolher, most
children can receive the services they reed.

For decades, medications have been used to treat the
symptoms of ADHD. Three medications in the class of
drugs known as stimulants seem to be the most elfective in
both children and adulls. These are methylphenidate
{Ritalin), dextroamphetamine (Dexedrine or' Dextrostat), and
pemaoline (Cylert). For many people, these medicines
dramatically reduce their hyperactivity and improve their
ability to focus, work, and learn. The medications may
also improve physical coordination, such as handwriting
and ability in sports. Recent research by NIMH suggesls
that these medicines may also help children with an
accompanying conduct disorder to control their impulsive,
destructive behaviors.

Riutalin helped Henry focus on and complete tasks lor
the first time. Dexedrine helped Mark to sit quietly, focus
his attention, and participate in class so he could learn. He
also became less impulsive and aggressive. Along with
these changes in his behavior, Mark began 10 make and
keep friends.

- Unfortunately, when people see such immediate
improvement, they often think medication is all that's
needed. But these medicines don’t cure the disorder, they
only temporarily control the symptoms. Although the
drugs help people pay betler attention and complete their
work, they can’t increase knowledge or improve academic
skills. The drugs alone can’t help people feel better about
themselves or cope with problems. These require other
kinds of treatment and support.

For lasting improvement, numerous clinicians
recommend that medications should be used along with
treatments that aid in these other areas. There are no quick
cures. Many experts believe that the most significant,

long-lasting gains appear when medication is combined

with behavioral therapy, emotional counseling, and

practical support. Some studies suggest that the combination
ol medicine and therapy may be more ellective than drugs
alone. NIMH is conducting a large study 1o check this.

Use of stimulant drugs

Stimulant drugs, such as Ritalin, Cylert, and Dexedrine,
when used with medical supervision, are usually
considered quite safe. Although they can be addictive to
teenagers and adults if misused, these medications are not
addictive in children. They seildom make children *high”
or jittery. Nor do they sedate the child. Rather, the
stimulants help children control their hyperactivity,
inattention, and other behaviors.

Different doctors use the medications in slightly dilferent
ways. Cylert is available in one form, which naturally lasts
5 to 10 hours. Ritalin and Dexedrine come in short-term
tablets that fast about 3 hours, as well as longer-term
preparations that last through the school day. The
short-term dose is often more practical for children who
need medication only during the school day or for special
situations, like attending church or a prom, or studying for
an important exam. The sustained-release dosage frees the
child from the inconvenience or embarrassment of going lo
the office or school nurse every day for a pill. The doctor
can help decide which preparaltion to use, and whether a
child needs 10 take the medicine during school hours only
or in the evenings and on weekends, too.

Nine out of 10 children improve on one of the three
stimulant drugs. So if one doesn't help, the others should
be tried. Usually a medicalion should be tried for a week
to see if it helps. If necessary, however, the doctor will
also try adjusting the dosage belore switching to a different
drug.

Other types of medication may be used if stimulants
don’t work or if the ADHD occurs with another disorder.
Antidepressants and other medications may be used to help
control accompanying depression or anxiety. In some
cases, antihistamines may be tried. Clonidine, a drug
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normally used to treat hypertension, may be helpful in
people with both ADHD and Tourette’s syndiome.
Although stimulants tend to be more effective, clonidine
may be tried when stimulants don’t work or can’t be used.
Clonidine can be administered either by pill or by skin
patch and has different side effects than stimulants. The
doctot works closely with each patient to find the most
approbpriate medication.

Sometimes, a child's ADHD symploms seem 10 worsen,
leading parents 10 wonder why. They can be assured that
a drug that helps rarely stops working. However, they
should work with the doctor 1o check that the child is
getting the right dosage. Parents should also make sure
that the child is actually getting the prescribed daily dousage
at home or at school—it’s easy to forgel. They also need 10
know that new or exaggerated behaviors may also crop up
when a child is under siress. The challenges that all
children face, like changing schoots or entering puberty,
may be even more stressful for a child with ADHD.

Some doctors recommend that children be taken oll a
medication now and then to see if the child still needs it.
They recommend temporarily stopping the drug during
school breaks and summer vacations, when focused
attention and calm behavior are usually not as crucial.
These “drug holidays” work well if the child can still
participate at camp or other activities without medication.

Children on medications should have regular checkups.
Parents should also talk regularly with the child’s teachers
and doctor about how the child is doing. This is especially
important when a medication is first started, re-started, or
when the dosage is changed.

The medication debate

As useful as these drugs are, Ritalin and the other
stimulants have sparked a great deal of controversy. Mosl
doctors feel the potential side elfects should be carefully
weighed against the benefits before prescribing the drugs.
While on these medications, some children may lose
weight, have less appetite, and temporarily grow more
slowly. Others may have problems falling asleep. Some
doctors believe that stimulants may also make the
symptoms of Tourette’s syndrome worse, although recent
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research suggests this may not be true. Other doctors say if
they carefully watch the child’s height, weight, and overall
development, the benefits of medication far outweigh the
potential side effects. Side elfects that do occur can often
be handled by reducing the dosage.

It's natural for parents to be concerned about whether
taking a medicine is in their child’s best interests. Parents
need to be clear about the benefits and potential risks of
using these drugs. The child’s pediainician or psychiatrist
can provide advice and answer questions.

Another debate is whether Ritalin and other stimulant
drugs are prescribed unnecessarily for too many children.
Remember that many things, including anxiety, depression,
allergies, seizures, or problems with the home or school
environment can make children seem overactive,
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impulsive, or inattentive. Critics argue that many children
who do not have a true attention disorder are medicated as
a way to control their disruptive behaviors.

Medication and self-esteem

When a child’s schoolwork and behavior improve soon
after starting medication, the child, parents, and teachers
tend to applaud the drug for causing the sudden change.
But these changes are actually the child’s own strengths
and natural abilities coming out from behind a cloud.
Giving credit to the medication can make the child feel
incompetent. The medication only makes these changes
possible. The child must supply the effort and ability. To
help children feel good about themselves, parents and
teachers need to praise the child, not the drug.

It's also important to help children and teenagers feel
comfortable about a medication they must take every day.
They may feel that because they take medicine they are
different from their classmates or that there’s something
seriously wrong with them. CH.A.D.D. {which stands for
Children and Adults with Atiention Deficit Disorders), a
leading organization for people with attention disorders,
suggests several ways Lhat parents and teachers can help
children view the medication in a positive way.

«Compare the pills to eyeglasses, braces, and allergy
medications used by other children in their class.
Explain that their medicine is simply a tool to help
them focus and pay attention.

oPoint out that they're lucky their problem can be

helped. Encourage them 1o identify ways the medicine
makes 1l easier to du things thal are impaortant 1o them,
like make fniends, succeed at schoaol, and play.

Treatments to help people with ADHD
and their families learn to cope

Life can be hard for children with ADNLDY  They're the
ones who are so olten n trguble at school, can'l fimsh 3
game, and lose friends, They may spend agonizing hours
each night struggling to keep their imind on thew
homework, then forget 1o bring it to school.
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It's not easy coping with these (rusirations day aller day.
Some children release their [rustration by acting conlrary,
starling (ights, or destroying property. Some turn the
frustration into body ailinents, like the child who gets a .
stomachache each day before school. Others hold their
needs and lears inside, so that no one sees how badly they
feel. .

W's also difficult having a sister, brother, or classmate
who gets angry, grabs your toys, and loses your things.
Children who live with or share a classtecom with a child
who has ADHD get frustrated, too. They may feel
neglected as their parents or teachers try to cope with the
hyperactive child. They may resent their brother or sister
never finishing chores, or being pushed around by a
classmate. They want to love their sibling and get along
with their classmate, but sometimes it's so hard!

W's especially hard being the parent of a child who is
full of uncontrolled activity, leaves messes, throws
tantrums, and doesn’t listen or follow instructions. Parents
often feel powerless and at a loss. The usual methods of
discipline, like reasoning and scolding, don’t work with this
child, because the child doesn’t really choose to act in
these ways. It’s just that their self-control comes and goes.
Out of sheer frustration, parents sometimes find themselves
spanking, ridiculing, or screaming at the child, even though
they know il’s not appropriate. Their response leaves
everyone more upset than before. Then they blame
themselves for not being better parents. Once children are
diagnosed and receiving treatmenl, some of the emotional
upset within the family may fade.

Medication can help to control some of the behavior
problems that may have lead to family turmoil. But more
oflen, there are other aspects of the problem that
medication can’t touch. Even though ADHD primarily
alfects a person’s behavior, having the disorder has broad
emaotional repeccussions. For some children, being scolded
is the only attention they ever get. They have few
experiences that build their sense of worth and
competence. If they're hyperaclive, they're often told
they're bad and punished for being disruptive. If they are
too disorganized and unfocused to complete tasks, others
may call them lazy. Ilf they impulsively grab toys, butt in,
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or shove classmates, they may lose friends. And if lhey
have a related conduct disorder, they may get in trouble at
school or with the law. Facing the daily frustiations that
can come wilh having ADHD can make people fear that
they are strange, abnormal, or stupid.

Often, the cycle of frustration, blame, and anger has
gone on so long that it will take some time to undo. Both
parents and their children may need special help to
develop techniques for managing the patterns of behavior.
In such cases, mental health professionals can counsel the
child and the family, helping them to develop new skills,
attitudes, and ways of relating to each other. in
individual counseling, the therapist helps children or adults
with ADHD learn lo leel better about themselves. They
leatn to recognize Lhat having a disability does not rellect
who they are as a person. The therapist can also help
peaple with ADHD identify and build on their strengths,
cope with daily problems, and control their attention and
aggression. In group counseling, people learn that they are
not alone in their frustration and that others want to help.
Sometimes only the individual with ADHD needs
counseling support. But in many cases, because the
problem affects the family as well as the person with
ADHD, the entire family may need help. The therapist
assists the family in finding better ways to handle the
disruptive behaviors and promote change. If the child is
young, most of the therapist’s work is with the parents,
teaching them techniques for coping with and improving
their child’s behavior.

Several intervention approaches are available and
different therapists tend 10 prefer one approach or another.
Knowing something about the various types of
interventions makes it easier for families to choose a
therapist that is right for their needs.

Psychotherapy works to help people with ADHD lo
like and accept themselves despite their disorder. In
psychotherapy, patients talk with the therapist about
upsetting thoughts and feelings, explore seli-defeating
patterns of behavior, and learn alternative ways ta handle
their emotions. As they talk, the therapist tries to help
them understand how they can change. However, people

dealing with ADHD usually want to gain control of their
symptomatic behaviors more direcily. 1f so, more direct
kinds ol intervention are needed.

Cognitive-behavioral therapy helps people work
on immediate issues. Rather than helping people
understand their feelings and actions, it supports them
directly in changing their behavior. The support might be
practical assistance, like helping Henry learn to think
through tasks and organize his work. Or the support might
be 1o encourage new behaviors by giving praise or rewards
each time the person acis in the desired way. A
cognitive-behavioral therapist might use such techniques to
help a belligerent child like Mark learn 10 control his
fighting, or an impulsive teenager like Lisa to think before
she speaks.

Social skills training can also help children learn
new behaviors. In social skills training, the therapist
discusses and models appropriate behaviors like waiting for
a turn, sharing toys, asking for help, or responding to
leasing, then gives children a chance lo practice. For
example, a child mighl learn to “read” other people’s facial
expression and tone of vaice, in order to respond more
appropriately. Social skills training helped Lisa learn to
join in group aclivities, make appropriate comments, and
ask for help. A child like Mark might learn to see how his
behavior alfects others and develop new ways lo respond
when angry or pushed.

Support groups connect people who have common
concerns. Many adults with ADHD and parents of children
with ADHD find it useful to join a local or national support
group. Many groups deal with issues of children’s
disorders, and even ADHD specifically. The national
associations listed at the back of this booklet can explain
how 1o contact a local chapter. Members of support
groups share frustrations and successes, referrals to
qualified specialists, and information about what works, as
well as their hopes for themselves and their children.

There is strength in numbers—and sharing experiences with
others who have similar problems helps people know that
they aren’t alone.
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Parenting skills training, offered by therapisis or in
special classes, gives parents tools and technigues for
managing their child’s behavior. One such technique s
the use of "time out” when the child becomes tou unruly
or out ol control. During time outs, the child is removed
from the agitating situalion and sits alone quietly for a shont
time to calm down. Parents may also be taught to give the
child “quality time” each day, in which they share‘a
pleasurable or relaxed activity. Durning this ume together,
the parent looks for opportunities 1o notice and point out
what the child does well, and praise lws or her striengihs
and abilities.

An effective way to modify a child’s behavior is through
a system of rewards and penalties. The parents (ur teacher)
identify a few desirable behaviors that they want to
encourage in the child—such as asking for a toy instead of
grabbing it, or completing a simple task. The ctnld is told
exactly what is expected in order to earn the reward. The
child receives the reward when he performs the desired
behavior and a muld penalty when he doesn’t. A reward
can be small, perhaps a token that can be exchanged for
special privileges, bul it should be something the child
wants and 1s eager to earn. The penalty might be removal
of a token or a brief “lime oul.” The goal, over time, is to
help children learn to control their own behavior and to
choose the more desired behavior. The technique works
well with all children, although children with ADIHD may
need more frequent rewards.

In addition, parents may learn to structure siluations in
ways that will allow their child to succeed. This may
include allowing only one or two playmates at a time, so
that their child doesn’t get overstimulated. Or if their child
has trouble compleling lasks, they may learn to heip the
child divide a large task into small steps, then praise the
child as each step is completed.

Parents may also learn to use stress management
methods, such as medilation, relaxation techniques, and
exercise to increase their own tolerance for [rustiation, so
that they can respond more calmly to their child’s behavior.

Controversial treatments

Understandably, parems who are eager to help their

children want 1o explore every possible option. Many

newly touted treatments sound reasonable. Many even

come with glowing reports. A few are pure quackery.

Some are even developed by reputable doctors or specialists—
but when tested scientifically, cannot be proven to help.

Here are a few types of treatment that have not been
scientilically shown 1o be elfective in treating the majority
of children or adults with ADHD:

ebiofeedback

erestricted diets

eallergy treaiments

emedicines to correct problems in the inner ear
smegavilamins '

echiropractic adjustment and bone re-alignment
etrealment for yeast infection

eeye lraining

sspecial colored glasses

A few success stories can’t substitute for scientific
evidence. Until sound, scientific testing shows a treatment
to be elfective, families risk spending time, money, and
hope on fads and false promises.



Sustaining Hope

Mark

Today, at age 14, Mark is doing much better in school. He
channels his energy into spurts and is a star player on the
intramural football team. Although he still gets into fights
now and then, a child psychologist i1s helping him learn to
control his tantrums and frustration, and he is able to make
and keep friends. His grandparents point to him with pride
and say, ‘“We knew he’d turn out just finel” '

Lisa

Lisa is about to graduate from high school.. She’s better
able to focus her attention and concentrate on her work, sa
that now her grades are quite good. Overcoming her
depression and learning to like herself have also given her
more confidence to develop friendships and try new things.

Lately, she has been working with the school guidance
counselor to identify the right kind of job to look for after
graduation. She hopes to find a career that will bypass her
attention problems and make the best use of her assets and
skills. She is more alert and focused and is considering
trying college in a year or two. Her counselor reminds her
that she’s certainly smart enough.

Henry

These days, Henry is successful and happy in his job as a
shoe salesman. The work allows him to move around
throughout the day, and the appearance of new customers
provides the variety he needs to help him stay focused. He
recently completed a course in time management, and now
keeps lists, organizes his work, and schedules his day. Now
that he has harnessed his energy, his ability to think about
several things at once allows him to be creative and
productive.

He is proud that he and his wife have developed
important parenting skills for working with their son, so
that he, too, is doing better at home and at school. Henry
is also pleased with his new ability to follow through on
projects. In fact, he just finished making his son a beautiful
wooden toy chest for his birthday.
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Even though most people don’t outgrow ADHD, people do
learn 10 adapt and live fulfilling lives. Mark, Lisa, and ca“ ADH'

Henry are making good lives for themselves—nol by being be
cured, but by developing their personat strengths. With

effective combinations of medicine, new skills, and Outgl‘OWIl
emotional support, people with ADHD can develop ways b
to control their attention and minimize their disruptive or cured’

behaviors. Like Henry, they may find that by structuring

tasks and controlling their environment, they can achieve

personal goals. Like Mark, they may learn to channel their

excess energy into sports and other high energy activities.

And like Lisa, they can identily career options that build on

their strengths and abilities.

As they grow up, with appropriate help from parents
and clinicians, children with ADHD become better able to
suppress their hyperactivity and to channel it into more
socially acceptable behaviors, like physical exercise or
fidgeting. And although we know that half of all children
with ADHD will still show signs of the problem into
adulthood, we also know that the medications and therapy
that help children also work for adults.

All people with ADHD have natural talents and abilities
that they can draw on to create fine lives and careers for
themselves. In fact, many people with ADHD even feel
that their patterns of behavior give them unique, often
unrecognized, advantages. People with ADHD tend to be
oulgoing and ready for action. Because of their drive for
excitement and stimulation, many become successful in
business, sports, construction, and public speaking.
Because of their ability to think about many things at once,
many have won acclaim as artists and inventors. Many
choose work that gives them freedom 10 move around and
release excess energy. But some find ways lo be elfective
in quieter, more sedentary careers. Sally, a computer
programmer, found that 'she thinks best when she wears
headphones to reduce distracting noises. Like Henry, some
people strive to increase their organizational skills. Others
who own their own business find it useful to hire support
staff to ptovide day-to-day management.
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What hope
does
research
offer?

Although no immediate cure is in sight, a new
understanding of ADHD may be just over the horizon.
Using a variety of research tools and methaods, scientists are
beginning to uncover new infurmation on the rule of the
brain in ADHD and effective treatments for the disorder.
Such research will ultimately result in improving the
personal fulfitiment and productivity of people with ADHD.

For example, the use ol new lechniques like brain
imaging 1o observe how the brain actually works is atready
providing new insights into the causes of ADHD. Other
research is seeking to identily conditions of pregnancy and
early childhood that may cause or contribute to these
diflerences in the brain. As the body of knowledge grows,
scientists may someday learn how 1o prevent these
differences or at least how Lo treat themn.

NIiMH and the U.S. Department of Education are
cosponsoring a large national study—the flirst of its kind—to
see which combinations of ADHD treatment work best for
dilferent types of children. During this 5-year study,
scientists al research clinics across the country will work
together in gathering data 1o answer such questions as: Is
combining stimulant medication with behavior modification
more effective than either alone? Do boys and girls
respond dilferently to treatment? How do family stresses,
income, and environment affect the severity of ADHD and
long-term outcomes! IHow does needing medicine affect
children’s sense of competence, sell-control, and
self-esteem? As a result of such research, doctors and
mental health specialists may someday know who benelfits
most from dilferent types of trealment and be able to
intervene more effectively.

NIMH grantees are also trying to determine if there are
different varieties of attention deficit. With further study,
researchers may find that ADHD actually covers a number
of different disorders, each with its own cluster of
symptoms and treatment requirements. for example,
scienlists are exploring whether there are any critical
differences between children with ADHD who also have
anxiety, depression, or conduct disorders and those who do
not. Other researchers are studying slight physical
differences that might distinguish ane type of ADHD [rom

another. I clusters of dillerences can be lound, scientisis
can begin to distinguish the treaument each type needs.

Other NIMII-sponsored research is examining the
long-term outcome of ADHD. How do children with
ADHD turn out, compared to brothers and sisters without
the disorder?! As adulls, how do they handle their own
children? Still other studies seek to better understand
ADHD in adults. Such studies give insighls into what types
of treatment or services make a difference in helping an
ADHD child grow into a caring parent and a
well-functioning adult.

Animal studies are also adding to our knowledge of
ADHD in humans. Animal subjects make it possible to
study some of the possible causes of ADHD in ways that
can’t be studied in people. In addition, animal research
allows the safety and effectiveness of experitnental new
drugs to be tested long before they can be given to
humans. One NIH-sponsored team of scientists is sludying
dogs to learn how new stimulant drugs that are similar lo
Ritalin act on the brain.

Piece by piece, through studies of humans and animals,
scientists are beginning to understand the biological nature
of attention disorders. New research is allowing us to
better understand the inner workings of the brain as we
continue to develop new medications and assess new
forms of treatment.

As we learn more about what actually happens inside
the brain, we approach a future where we can prevent
cerlain brain and mental disorders, make valid diagnoses,
and treal each effectively. This is the hope, mission, and
vision of the National Institute of Mental Health.

Several publications, organizations, and support groups
exist to help individuals, teachers, and families to
understand and cope with attention disorders. The
following resources provide a good starting point for
gaining insight, practical solutions, and suppart. Other
resources are oulpatient clinics of children’s hospitals,
university medical centers, and community mental health
centers. Additional printed information can be found at
libraries and book stores.

3

What are
sources of

informatio
and

support?
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Books for children and teens

Galvin, M. Otto Learns about lis Medication New York:
Magination Press, 1988. (lor young children)

Gehrel, ). Learning Disabilities and the Don’t Cive Up
Kid. Fairport, New York: Verbal lmages Press, 1990.
(for classmates and children with learning disabilities
and attention difficulties, ages 7-12)

Gordon, M. Jumpin’ Johnny, Get Back to Workl A Child’s
Guide to ADHD/Hyperactivily. DeWilt, New York:
GSI Publications, 1991. (for ages 7-12)

Meyer, D.; Vadasy, P.; and Fewell, R. Living with a
Brother or Sister with Special Needs: A Book for Sibs.

. Seattle: University of Washington Press, 1985.

Moss, D. Shelly the Hyperactive Turtle. Rockville, MD:

~ Woodbine House, 1989. {lor young children)

Nadeau, K., and Dixon, €. Learning to Slow Down and

' Pay Attention. Annandale, VA: Chesapeake
Psychological Publications, 1993.

Parker, R. Making the Grade: An Adolescent’s Struggle
with ADD. Plantation, FL: Impact Publications, 1992.

Quinn, P., and Stern, ). Pulting on the Brakes: Young
Peaple’s Guide to Understanding Attenuon Deficit
Hyperactivity Disorder. New York: Magmation Press,
1991, ({or ages 8-12)

Thompson, M. My Brother Matthew. Rockville, MD:

" Woodbine House, 1992.

Books for adults with attention disorders

Adelman, P., and Wren, C. Learning Disabilives, Craduate
School, and Careers: The Student’s Perspective. Lake
Forest, IL: Learning Opportunities Program, Barat
College, 1990.

Hallowell, £., and Ratey, |. Dniven to Distraction. New
York: Pantheon Books, 1994.

Hartmann, T. Attention Deficit Disorder: A New
Perception. Lancaster, PA: Underwood-Miller, 1993.

Kelly, K., and Ramundo, P. You Mean I'm Not lazy,
Stupid, or Crazy?! Cincinnati, OH: Tyrell and Jeremy
Press, 1993.

Weiss, G., and Hechtman, L. {eds). Hyperactive Chyldren
Grown Up. 2d ed. New York: Guilford Press, 1992.

Weiss, L. Altention Deficit Disorder in Adults. Dallas, 1X:
Taylor Pub. Co., 1992.

Wender, P. The Hyperactive Child, Adolescence, and
Adult: Attention Deficit Disarder Through the
Lifespan. New York: Oxford University Press, 1987,

Books for parents

Anderson, W.; Chitwood, S.; and Hayden, D. Negotiating
the Special Education Maze: A Guide for Parents and
Teachers. 2d ed. Rockville, MD: Woodbine House,
1990.

Bain, L. A Parent’s Guide 1o Attention Deficit Disorders.
New York: Dell Publishing, 1991.

Barkley, R. Defiant Children. New York: Guilford Press,
1987.

Child Psychopharmacy Center, University of Wisconsin.
Stimulants and Hyperactive Children. Madison: 1990.
Order by calling {(608) 263-6171.

Copeland, E., and Love, V. Attention, Pleasel: A
Comprehensive Guide for Successfully Parenting
Children with Auention Disorders and Hyperactivity.
Atlanta, GA: SPI Press, 1991.

Fowler, M. Maybe You Know My Kid: A Parent’s Guide
to Identifying, Understanding, and Helping your Child
with ADHD. New York: Birch Lane Press, 1990.

Goldstein, S., and Goldstein, M. Hyperactivity: Why
Won't My Child Pay Auention? New York: J. Wiley,
1992.

Greenberg, G.; Horn, S.; and Wade F. Attention Deficit
Hyperactivity Disorder: Questions & Answers for
Parents. Champaign, IL: Research Press, 1991.

Ingersoll, B., and Goldstein, S. Attention Deficit Disorder
and Learning Disabilities: Realities, Myths, and
Controversial Treatments. New York: Doubleday, 1993,

Moss, R., and Dunlap, H. Why Johnny Can’t Concentrate:
Coping with Attention Deficit Problems. New York:
Bantam Books, 1990.

Kennedy, P.; Terdal, L.; and Fusetti, L. The Hyperactive
Child Book. New York: St. Martrin’s Press, 1993.

Silver, L. Dr. Silver's Advice to Parents on
Altention-Deficit Hyperactivity Disorder. Washington,
DC: American Psychiatric Press, 1993,

Vail, P. Smart Kids with School Problems. New York: EP
Dutton, 1987.
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Wilson, N. Optimizing Special Education: How Parents
Can Make a Difference. New York: Insight Books,
1992.

Windell, ]. Discipline: A Sourcebouk of 50 Failsafe

Techniques for Parents. New York: Collier Books, 1991.

Other resources

For individuals with a computer and modem, there are
on-line bulletin boards where parents, adults with ADHD,
and rhedical professionals share experiences, offer
emotlonal support, and ask and respond to questions.

Two such on-line services include CompuServe ({800}
848-8990] and America Online [(800) 827-6364). You may
also wish 1o check with other national and local on-line
communications companies 1o see if they offer similar
services.

Resources for teachers and specialists

Barkley, R. Attention Deficit Hyperactvity Disorder (four
40-minute videocassettes in VHS format). New York:
Guilford Publications, 1990.

Copeland, E., and Love, V. Auention Without Tension: A
Teacher’s Handbook on Attention Disorders. Allanta,
GA: 3 C’s of Childhood, 1992.

Harris, K., and Graham, S. Helping Young Writers Master
the Craft. Cambridge, MA: Brookline Books, 1992.

johnson, D. 1 Can't Sit Still—Educating and Alfirming
Inattentive and Hyperactive Children: Suggestions for
Parents, Teachers, and Other Care Providers of
Children to Age 10. Santa Cruz, CA: EIR Assuciates,
1992.

Parker, H. The ADD Hyperactivity Handbook for Schools.
Plantation, FL: Impact Publications, 1992.

Related materials available from NIH

Altention Deficit Disorder Information Packet and Know
Your Brain Fact Sheet Both are available from NIH
Neurological Institute, P.O Box 5801; Bethesda, MO
20824 (800) 352-9424
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Learning Disabilities (NIH Pub. No. 93-3611) and Plain
Talk about Depression (NIH Pub. No. 93-3561). These are
available by contacting: NIMH, Room 7C-02, 5600 Fishers
Lane, Rockville, MD 20857.

Support groups and organizations

Atlention Deficit Information Network (Ad-IN)

475 Hillside Avenue

Needham, MA 02194

{617) 455-9895

Provides up-lo-date information on current research,
regional meetings. Offers aid in {inding solutions (o
practical problems faced by adults and children with an
attention disorder.

ADD Warehouse

300 NW 70th Avenue

Plantation, FL 33317

(800) 233-9273

Distributes books, tapes, videos, assessment on attention
delicit hyperactivity disorders. A central location for
ordering many of the books listed above. Call for catalog.

Center for Mental Health Services

Office of Cansumer, Family, and Public Information

5600 Fishers Lane, Room 15-105

Rockville, MD 20857

(301) 443-2792

This national center, a component of the U.S. Public
Health Service, provides a range of information on mental
health, treaument, and support services.

Children and Adults with Attention Deficit Disorders
(CHADD)

499 NW 70th Avenue, Suite 109

Plantation, FL 33317

(305} 587-3700

A major advocate and key information source for people
dealing with attention disorders. Sponsors support groups
and publishes two newslelters concerning altention
disorders for parents and professionals.
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Council for Exceptionat Children

11920 Association Drive

Reston, VA 22091

(703) 620-3660

Provides publications for educators. Can also provide
referral to ERIC (Educational Resource Information Center)
Clearinghouse for Handicapped and Gifted Children.

Federation of Families for Children’s Mental Health

1021 Prince Street

Alexandria, VA 22314

{703) 684-7710

Provides information, support, and referrals through
federation chapters throughout the country. This national
parent-run organization focuses on the needs of children
with broad mental health problems.

HEATH Resource Center

American Council on Education

1 Dupont Circle, Suite 800

Washington, DC 20036

(800) 544-3284

A national clearinghouse on post-high school education for
people with disabilities.

Learning Disabilities Association of America

4156 Library Road

Pittsburgh, PA 15234

(412) 341-8077

Provides information and referral (o state chapters, parent
resources, and local support groups. Publishes news briels
and a professional journal.

National Association of Private Schools

for Exceptional Children

1522 K Street, NW, Suite 1032

Washington, DC 20005

(202) 408-3338

Provides referrals to private special education programs.

National Center for Learning Disabilities

99 Park Avenue, 6th Floor

New York, NY 10016

(212) 687-7211

Provides referrals and resources. Publishes “Their World*
magazine describing true stories on ways children and
adults cope with LD.

National Clearinghouse (or Alcahol and Drug Information
P.O. Box 2345

Rockville, MD 20847

(800) 729-6686

Provides information on the risks of alcohol during
pregnancy, and fetal alcohol syndrome.

National Information Center for Children

and Youth with Disabilities (NICHCY)

P.O. Box 1492

Washington, DC 20013

(800) 695-0285

Publishes fiee, faci-lilled newsletters. Arranges workshops.
Advises parents on the laws entitling children with
disabilities to special education and other services.

Sibling Information Network

A.]. Pappanikou Center

1776 Ellington Road

Soulh Windsor, CT 06074

(203) 648-1205

Publishes a newsletter for and about siblings of children
with special needs.

Touretle Syndrome Association

42-40 Bell Boulevard

Bayside, NY 11361

(718) 224-2999

State and local chapters provide national information,
advocacy, research, and support.
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MENTAL RETARDATION AND DEVELOPMENTAL DISABILITIES
RESEARCH REVIEWS 2:2-9(1596) :

THE CURRENT STATE OF SCIENCE
AND THE FUTURE OF SPECIFIC
READING DISABILITY

G. Reid Lyon and Vinita Chhabra
National Institute of Child Health and Human Development Nadonal Institutes of Health, Bethesda. Marvland (GRL)
' and The University of Virginia (VC)

We review critical scientific advances in specific reading
disability. We summarize research findings relevant to genetic
neurobiological, and cognitive etiologies, as well as data related to
early identification, developmental course, and response to treat-
ment intervention. Converging scientific findings are applied to the
development of a proposed new definition of dyslexia and future
research directions are outiined. € 1996 Wiley-Liss, Inc.*
MRDD Research Reviews 2: 2-9

Key Words: dyslexia, learning disability, definition, developmental
course, neuroimaging, treatment

‘ tall the learning disabilinies, reading disabilities have the
O richest climcal and expenmental history. Many sources

provide fine-grained analvses of historical and current
studies of reading disabihinies. including their clinical presentation
[Wiederholt, 1974 Liberman, 1989; Shankweiler and Liberman,
1989; Adams. 1990; Doris. 1993], definition and classification
[Fletcher and Morms. 1986; Hooper and Willis, 1989; Moms,
1993; Lvon, 19932, 1995b}, neurobiological foundatons [Duane,
1991; Duane and Gray, 1991; Hynd et al., 1991; Rumsey, in
press]. genetic etiology [DeFnes and Gillis, 1991; DeFnes et al.,
1991]. and response to treatment [Lvon, 1983a, b; Berninger,
1994; Beminger and Abbot, 1994; Torgesen et al., 1992]. These
sources should be consulted for 2 more comprehensive review of
the issues we will discuss here. Readers will note that the terms
reading disability and dyslexia are both used in this paper. For the
purposes of the discussion, both terms refer to significant deficits
in the decoding and recognition of single words [see Lvon,
19933 for a rationale for this criterion).

AMBIGUOUS DEFINITIONS AND THE STATE
OF THE SCIENCE IN READING DISABILITY
Despite longstanding recognition of reading disorder as a
clinical entiry that has significant deletenous effects on children
and adults, converging empincal support for reading disabilicy as
a valid diagnostic concept has been slow to cmerge. The
difficuley in establishing a strong empincal scientific base for
reading disabilicy can be pnmaniy attributed to the field's
recalcitrance in establishing an objective, inclusionary definition
and classification svstem for the disorder [Fletcher and Mormis,

© 1996 Wiley-Liss, Inc.  *This article is a US Government work and,
as such. is in the public domain in the United States of America.

1986; Lyon, 19932, 1995b]. Why is an objecuve. inclusionary
definidon so important, and how has the scientific status of the
field been hindered in its absence?

As we have pointed out elsewhere [Lvon, 1993a]. a precise
and inclusionary definition is critical for at least three reasons.
First, accurate identification of reading disability requires that the
key symptoms and charactenistics be specified. Second, treatment
of reading disability, including early intervention and general
teaching methods. must be based on an informed understanding
of the difficulties that impede reading development and mastery
for children and adults with the disorder. Third. an operational
definition is essential for research purposes. More specifically,
without the well-defined subject -selection criteria that an
operational definition provides, research examining the causes
and consequences of reading disability, the existence of different
rvpes of the disorder, and the responses of affected individuals to
different forms of treatment typically can not be interpreted,
replicated. and generalized. From an applied perspective, vague
definitions result 1n caprictous climical deciston-making. For
example, when definitional criteria are ambiguous and unsup-
ported by research findings, the basis for assiming support
services are unclear and numerous inequities exist with respect to
who does and does not receive special education. Traditional
definitions of reading disability have contnbuted to the loose
conceptual and theoretical thinking about dyslexia.

Historically, early definitions of reading disability or
dyslexia have been exclusionary [see Fletcher and Mormis. 1986].
Within this context. reading disability is identified if the
difficulty in reading exists in the absence of other problems (e.g..
mental retardation or sociocultural deprivation) that could lead

“'to'it. As Rutter {1978} pointed out, an exclusionary definition

*. .. not only fails to add conceprual clanty. but also implies that
dvslexia (or reading disability) cannot be diagnosed in a child
from a poor or unconventional background. In shon, it suggests
that if all the known causes of reading disabilin can be ruled out,
the unknown (in the form of dyslexia) should be invoked™

(p-42).
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In addition. manv early definitions
such as those advocated by the United
States Otace of Educadon [USOE, 1977].
cast the identificanon of reading disabiliny
into the broader category of learming
disabilities. As Swunovich [1993] has
argued, attempung to define reading
disabilinv via the general charactensucs set
out tor the extremely heterogeneous
category of leamning disabilities will result
in vague and ambiguous crtera tfor
subject selection—a process guaranteed
to obscure any legiimate scienttic discov-
env about the reading process. It should
also be stressed chat a number of classifica-
tion scienusts [Fletcher eral., 1993: Lyon,
199321, 1995b] have pointed out that even
domain-specific definitions of reading
disability such as those developed for the
DSM-IV |APA, 1994] and the ICD-10
Classification of Mental and Behavioural
Disorders [World Health Organization,
1993] continue to embody vague cniteria
that are dificult to operationalize. In
addition, these defimitions conunue to
recommend the use of [Q-reading
achievement discrepancy data in the
diagnosuic process—a recommendation
that recent research suggests is invalid.

Another issue that has confounded
scientific progress in reading disabiliey
relates to measurement practices designed
to operationalize the construct of unex-
pected underachievement that 1s inherent
in most detiniuons of reading disabiliny.
Unexpected underachievement in read-
ing simply refers to the nouon that
dencits in reading are hvpothesized to be
unexpected. and thus can not be pre-
dicted by a child’s age. inteligence, other
academic abilities, exposure to instruc-
ton, or soctocultural opportunities. Typi-
cally. IQ-reading achievement discrep-
ancy formulas have been emploved to
provide an objective analvsis of the
degree of relarionship benween individu-
als’ general cogmitive abiliey (i.e., IQ) and
their reading performance. The more
disparate the nwvo scores. the greater the
degree of unexpected underachievement.

For at least two major reasons, an
1Q-reading achievement discrepancy is
an inappropnate and nvalid marker for
reading disabilinv. First, it is not clear how
1Q-achievement discrepancies are to be
operationalized and defined (Lvon, 1987,
1988 Aaron. 198Y9: Share et al., 1989;
Zigmond. 1993]. For example, which IQ
score and which IQ measure should be
emploved? Is the Full Scale IQ the most
appropriate metric. or should the Verbal
or Performance [Q be used as the
measure of aptitude or potentiaj ability to
read” In addinon, which statistical calcu-
lation should be used to denve the degree

of unexpected underachievement? Should
a difference between IQ and achieve-
ment standard (Z) scores be emploved or
should one apply a formula that derives
the ditfference benween expected and
actual achievement levels based on the
regression of IQQ and achievement?
Although these psvchometnc issues
are debarted. the second and more tmpor-
tant question 1s whether 1Q-achievement
discrepancies, no matter how theyv are
measured, tell us anything abourt reading
disability. Apparently they do not. If one
defines reading disabilinv as deficies in
decoding and recognizing single words, a
discrepancy berween IQ and reading
achievement appears to be an invalid
marker. Specifically, children with read-
ing disability who have high 1Q scores
(discrepant poor readers) do not differ
from children with reading disability who
have lower intellectual aptitudes (nondis-
crepant poor readers) on measures assess-
ing decoding and word recognition skills
[Olson etal.. 1989; Siegel, 1989; Fletcher,
1962: Fletcher et al., 1994; Francis et al..

Traditional definitions of
reading disability have
contributed to the loose

conceptual and theoretical

thinking about dyslexia.

1994}, phonologcal skills {Fletcher et al..
1994: Stanovich & Siegel. 1994, Shank-
weiler et al. 1995], genetic characrenstics
[Pennington et al.. 1992; Penningron.
1995]. or neurological charactenstics
[Stanovich and Siegel, 1994]. Simply put,
reading dsabilicy 1nvolving deficits in
reading single words 1s not correlated in
any wayv with IQ discrepancy. This lack
of validiv demonstrated for 1Q-reading
achievement discrepancies does not, at
least at this point. obviate the conceptual
notion that the reading deficits observed

‘m-children with-reading disability can be

charactenized as unexpected. As Stanov-
ich [1991] has pointed out. the critical
task will be to identify the most valid
predictor of an individual’s potential to
read at the single-word level. Thus, 1t is
quite possible that reading disability may
be charactenized by poor decoding and
word recognition against a background of
other cognitive and academic strengths
(e.g.. listening comprehension), but not
expressed as an [Q-reading achievement
discrepancy. Clearly, the state of science

in reading disabihov will be advanced as
the issue of unexpected underachieve-
ment is clanfied.

SCIENTIFIC PROGRESS
AND MOMENTUM
IN READING DISABILITY

With the mcreasing recogmuon
that studies on children identined as
having reading disabihiny via exclusionany
definiuons ryvpically lead to diticulues in
replicaung results. more recent research
efforts have begun to invesugate reading
dificulties in well-defined samples wichin
the context of prospective. longitudinal
designs. In contrast to studies of children
in schools and climes who previousiy
were defined as having reading disabilin
on the basis of mconsistent denininonal
and diagnostic criterta {r.e., using 1Q-
reading achievement discrepancies). inves-
ugations based on prospectve. longicudi-
nal designs can provide an opportunity
for the same children o be inmally
studied as thev enter the first grade and
then repeatedly observed over tme.
Thus, there 1s no need for a pron
assumptions about what reading disabiliey
1s, particularlv if children are ininaliv
identified during preschool or the first
grade, then studied for several vears
withun a wide range of cognitive, linguis-
uc, neurobiological, and genetic con-
texts. In essence, this rype of design
allows the researcher to test hvpotheses
about which classification and defini-
nonal cntena are the most valid. Prospec-
uve, longitudinal studies of reading disabil-
iy can therefore serve as a research
plattorm to attain a number of goals,
including idenufication of critical cogni-
uve, academuic, and behavioral diagnostic
charactenstics that may be manifested in
different ways at different developmental
peniods: idenufication of neurobiological
and geneuc features that predict reading
disability; development of valid early
predictors of achievement and under-
achievement in such components of
reading as decoding, word recognition,
and comprehension; mapping of the
developmental course of reading disabil-
iy, identification of comorbidities and
secondary behavioral consequences that
develop in response to reading disabiliry;
and assessment of the efficacy of different
treatment and mtervention methods.

During the past decade, the Na-
tional Insticute of Child Health and
Human Development (NICHD) within
the National Institutes of Health (NIH)
has undertaken a substantial effort to
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conduct longrudinal research to achieve
these goals. Specifically, 1n addidon to a
“comprehensive 30-vear NICHD study of
language and reading abiliny/disabibiey
underway since 1966 at the Haskins
Laboratory, the NICHD supports Learn-
ing Disabiliv Research Centers ar Yale
University, the University of Colorado,
and Johns Hopkins Universirty; Dyslexia
Research Projects at the Bowman Gray
School of Medicine, Yale Universiry, the
University of Colorado, and Beth Israel
Hospital/Harvard University; and Read-
ing Disabilicy  Treatment/Interventon
Research Projects at Florida State Univer-
sity and the Universiry of Houston.
Additional Learning Disability Research
Centers at the University of Washington,
Seartle, and Children’s Hospital in Bos-
ton (Harvard) came on line in December
1995.

The comprehensive muludisci-
plinary longitudinal investigations under-
taken at these sites (with the exception of
those at Beth Israel, which are amimal
studies) have obtained converging data
indicaung that deficits in phonological
processing reflect a core cognitive deficit
in reading disability; that illuminate the
neurobiological and genetuc underpin-
nings of phonological deficits; that pro-
vide a map of the developmental trajec-
tory of reading disability: and that show,
for the first time, how different treat-
ments can alter the course of the disorder
[see Lvon. 1993b].

Thus, a science of reading disability
i1s emerging that has 1ts roots in both
biologv and behavior and that uses the
expertise Of cognitive neuroscientists,
linguists. neurologasts, pediatnicians, neu-
ropsvchologists, radiologists, and educa-
tors.

Reading Disability
Is a Language-Based Disorder

Data denived from a substantial
number of well-designed studies indicates
that reading disabihiry rvpically reflects
insutiicient phonological processing abili-
ues [Liberman and Shankweiler, 1985,
Adams, 1990; Brady & Shankweiler,
1991; Liberman, 1992:; Stanovich, 1993;
Fletcher et al,, 1994; Share and Stanov-
ich, 1993].

A phoneme is the smallest unit of
funcrional sound. Our apprehension of
these segments within running speech 1s
made possible by our ability to process
phonological information within our
brains. Phonological processing has been
conceptuahized as encompassing at least
three different components or skills:
phonological awareness. nvpically assessed
by phoneme deletion and rhyming tasks;

phonological recoding in lexical access,
which can be assessed by rapid naming
tasks: and phonetc recoding in working
memorv, which can be measured by
dignt- and word-span tasks {for reviews,
see Wagner & Torgesen, 1987, Adams,
1990)].

Of these three major phonological
processing skills, phonological awareness
appears to be the most deficient language
skill in disabled readers. In a pracrcal
sense, phonological awareness is essential
in enabling children to map, or translate,
printed symbols (letters and letter pat-
terns) to sound. If children cannot
perceive the sounds in spoken words—
for example, if they cannot **hear” the
“at” sound in “fat” and ‘“cat” and
perceive that the difference berween
these sound segments lies in the first
sound, they will have difficulty decoding
words accurately and fluently [Beck and
Juel, 1993].

Thus, a science of reading
disability is emerging that
has its roots in both
biology and behavior and
that uses the expertise of
cognitive neuroscientists,
linguists, neurologists,
pediatricians,
neuropsychologists,
radiologists, and
educators.

From an empincal standpoint, there
is a wealth of evidence that deficits in
phonological awareness not only co-
occur with deficits in basic reading skills
[Vellutino and Scanlon, 1987; Pratt and
Brady. 1988]. but that the relationship is,
in fact. a causal one, with deficits in
phonological awareness impeding the
acquisition of reading skills [Wagner and
Torgeson. 1987: Catts. 1989; Brady and
Shankweiler. 1991; Stuanovich, 1993;
Olson et al., 1994. Torgesen. 1996).
Indeed. the nature of the English orthog-
raphy and 1 alphabetc charactensucs
rely on this hnguistic abiliry, which
allows the reader to segment words into
their constituent phonemes. The begin-
ning reader must be conscious of the
sound segments in svllables and words
and must be able to manipulate them on
demand. Such awareness is critical if one

wishes to rhyme words. speak 1in “'pig-
laan,” segment words into svilables and
svllables into sounds. and. most impor-
tandy, to decode and recogmize words
accurately. auromaticallv., and fuentiv.
Simply put. bmitations in phonological
awareness lead to slow. labored. and
tnaccurate decoding of words. which. in
turn. leads to poor reading comprehen-
sion [Lvon. 1993a].

Additional candidate hnguistic and
visual processes have been implicated in
reading disabihty. For example, Wolf and
her associates [Wolf et al.. 1986: Wolf,
1986, 1991] have argued that reading
deficits can also be caused by visual
naming-speed deficits, or impairments in
precise uming processes underlyving rapid
retrieval of names for visual svmbols.
According to Bowers and Wolf [1993],
children with both visual nanung-speed
deficits and phonological deficits are the
poorest readers, but children with either
deficit alone are signinicantly less capable
in reading than are voungsters who are
phonologically adept and rapid namers.

In another line of research. Tallal
and her associates [Tallal and Piercy,
1973; Tallal, 1980, 1988} have suggested
that the same verbal and nonverbal
temporal processing deficits that appear
to impede linguisuc development in
children with language imparrment may
also be responsible for the reading deticits
of children with reading disability. How-
ever. we reter readers to Studdert-
Kennedy and Mody [in press] for an
explanation of some of the difbculties
with this research. In short, Studdert-
Kennedy and Mody argue that Tallal's
interpretation of the data indicating
temporal processing deficits in children
with reading disability may be con-
founded by the fact chat the children are
having difficuley  discriminating  highly
similar tonal and svllabic stimuli rather
than difficulaes judging their temporal
order.

Another potential challenge to a
stnctly phonological account of reading
disability denves from Scarborough’s
[1990] longitudinal research, which
showed that children who would mani-
fest reading deficits by the second grade
could be distinguished from their normal-
reading age-mates at 30 months of age on
a vanety of language tasks that assessed.
among other abilities. sentence length,
semantic knowledge. and svnracecal and
grammatical complexity. Scarborough’s
findings suggest that reading disability
may be related to a broader language-
based deficit that exceeds the boundanes
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of a specific phonological core deficit. In
addition, Lovegrove and his associates
[Lovegrove et al.. 1987, Marun and
Lovegrove. 1988] have adduced datwa
suggesting that a2 subgroup of children
with reading disability read poorly be-
cause of deficiencies in rapid visual
orthographic processing. These data re-
main controversial {Velluuno et al,
1994]. Also. the causal linkages berween
the visual processing deficits and reading
disabiliny that Lovegrove described have
not vet been firmly established [Hulme,
1988].

Although deficits in visual nanung
speed, temporal processing, semantic
development, svntacuc processing, and
visual orthographic skills may ulnmately
be found to exert some independent
influences on the developmental reading
process. the current evidence remains no
more than suggestive. Specifically, the
precise role of these deficits, outside of
their association with phonology, is not
clearly understood [Lvon, 1993a]. At this
tme, taken together, the data derived
from the longitudinal investigations of
reading disabiliey strongly indicate that
deficits in phonological awareness consu-
tute the major impediment to leaming to
read. But how do deficits in phonological
awareness interfere with the reading
process’

THE SINGLE WORD AS THE
CRITICAL UNIT OF ANALYSIS
In essence. reading disability can
best be observed as a child or adult
attempts to read single words, either in

list form or in text. As individuals with

reading disability read aloud, one typi-
cally observes a labored approach to
decoding and recognizing single words
thac is characterized by hesitations. mus-
pronunciations, and muluple attempts to
“sound out” the word. If asked about the
meaning of what they have read, the
individuals frequently do not know: most
of their cogmuve resources have been
deploved toward deciphering the words.
There 1s no way to bypass this word-
recognition stage of reading, -and context
is of little help |Adams and Bruck, 19953;
Beck and Juel. 1995]. In fact, attempting
tO use context as a sgrategy to aid the
recognition of unknown words actually
hampers rather than helps individuals
with reading disabilitcy because they
allocare even more effort to decoding at
the expense of comprehension [Sunov-
ich, 1994]. Memonizing each word in the
English language as a whole is impossible,
given the sheer number of words. Unless

would-be-readers leam to decode and
recognize single words rapidly, accu-
ratelv, and fluently, information will not
be easilv available to them through print.

This descripnion of reading disabled
individuals auempnng to read reflects
three well-replicated scienatic findings.
First, although reading is 2 meaning-
driven acuvity, the kev to meaning tor
proficient readers starts with the imumedi-
ate and accurate recognition of a single
written word [Adams, 1990; Adanis and
Bruck. 1995; Beck and jJuel, 1993]. This
finding is one of the most robust in the
reading. cognitive, and developmental
literatures; 1t has been obtained by
research teams in the United States
[Felton and Brown, 1989; Olson. er al.,
1989; Fletcher et al., 1994: Olson et al.,
1994; Vellutno et al., 1994], Canada
[Lovetr. 1987: Lovertt et al., 1988 Bruck.
1988, 1990, 1992; Siegel, 1989; Stanov-
ich, 1991, 1992, 1993, 1994), Great
Britain {Goswami and Brvant, 1990:

Unless would-be-readers
learn to decode and
recognize single words
rapidly, accurately, and
fluently, information will
not be easily available to
them through print.

Snowling. 1990]. and New Zealand
{Tunmer & Nesdale, 1983; Tunmer and
Hoover, 1993]. Although this discovery
may appear to be at odds with the
argument that reading comprehension is
the most salient abihity in reading develop-
ment {Goodman, 1986, Smith, 1971),
comprehension depends on the ability to
decode and recognize single words rap-
idly and accurately [see Stanowvich, 1994
for an excellent discussion of this point).
Children and adults with reading
disability are not impaired in their abiliey
to use contextual clues to aid in word
recogninon. In fact, children with read-
ing disability consistently have been
tound ta rely more than do skilled readers
on the semantic clues available in print to
assist them 1n decoding unknown words
(Perfert, 1985; Bruck. 1990]. Unfortu-
nately, as noted previously, this compen-
satory device actually impedes the efforts
of individuals with reading disability and

further reduces speed and automancinan
reading. In shor. the locus of difficulny
for children with reading disabihinv in-
volves acquisition of the skills necessary
to read single words.

Deficuts in single word decoding
and word recognition reflect the specitic
impact of the deficits in phonologal
awareness discussed earlier. Dithculues e
understandine  that  phonolowmuaal seg-
ments can be mapped onto letters and
letter pattemns are a funcuon of the child
not understanding that svlables and
words are composed of constituent sounds
(phonemes) and that these segments can
be parsed according to their acoustic
boundanes. For individuals with reading
disabihiy. this metalinguistic awareness
that words have parts s ditheult 1o
understand because the phonemes within
svllables and words cannot be heard by
the ear {Liberman eral., 1967; Liberman,
1992). Rather. phonological awareness is
made possible by the intact tunctioning of
the bramn. In many individuals with
reading disability, the brain is not process-
ing specific tvpes of linguistic information
in an efficient manner.

THE GENETICS
AND NEUROBIOLOGY
OF READING DISABILITY

.. Several papers in this issue address
the genetc and neurophysiological sub-
strates of reading disabiliry, but we
include a brief overview to emphasize the
substanaial contnbutions that behavioral
and molecular genetics, neuropsvchol-
ogv. and neuroimaging have made to
establishing a science of reading disabilirty.
Dunng the past owenty years, a wealch of
evidence has been obtained suggesting
that reading disabiliry aggregates in fami-
lies, is hentable, and probably reflects
autosomal domunant transmuission ([see
Penmington, 1995, for a comprehensive
review]. In addition, recent studies using
genenc linkage analyses suggest that there
are effects of major genetic loci on the
transmission of phonological deficits and
subsequent reading problems {Cardon et
al., 1994; Pennington, 1995].

The specific mechanisms by which
genetic factors operate to predispose
someone to reading disability are not yet
clear. As Penningron [1995] suggests, it is
possible that geneuc alterations in dys-
lexia alter or constrict the range of neural
development and, perhaps, produce
*hardwired” aberrations in the neural
tissue substrate {for examples of the
neuroanatomical correlates of reading

disability, see Galaburda and Kemper,
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1979; Rumsey et al., 1986; Galaburda,
1988, 1991; Hynd et al., 1991; Rumsey

‘et al., in press). It has been hvpothesized

that such changes in dvnamic neural
development can compromuse emerging
neural systems, typically within the left
cerebral hemisphere, which are involved
in accessing and interpreting linguistic
information. For example, previous and
ongoing research suggests that poor
phonological processing is associated with
atypical cortcal activation in the left
temporal region, as indicated in scudies of
regional cerebral blood flow [Wood,
1990; Wood et al., 1991]. A number of
recent studies employing positron emis-
ston tomography (PET) [Rumsey et al.,
19935; Rumsey, in press] suggest that the
phonological deficits in reading disability
are strongly related to decreased acuva-
tion of the left temporoparietal and
superior temporal cortex. Additdonal func-
tional neuroimaging work [Shaywitz et
al., 1995; Shaywitz et al., in press) has
shown that anterior regions of the brain
are also activated during the performance
of a rhvming or phonological task. These
findings are important because they
demonstrate the uulity and precision of
noninvasive functional neuroimaging
methods that can be used safely with
children. .

Given the expenimental nature of
the current neuroimaging research involv-
ing children and adults with reading
disabilirv, caution should be exercised in
interpreting  the results at this time,
Nevertheless. the technological explo-
sion in the development of neuroimaging
methods and instruments, coupled with
unprovements in task-activation para-
digms. bodes favorablv for scientfic
understanding of the neurobiological
foundarions of reading development and
disabihity. For comprehensive reviews of
these advances, see Lvon and Rumsey [in
press|. Thatcher et al. [in press], and
Krasnegor et al. {in press) for comprehen-
stve recent reviews of these advances.

THE ISSUE
OF CORMORBIDITY

As we have pointed out, converg-
ing data have clearly shown that the
linguistic  abilities causallv  related to
learning to read involve phonology, with
deficits in phonological awareness best
predicting poor reading behavior at the
single-word level [Wagner and Torgesen,
1987: Ball and Blachman, 1991: Torge-
sen. 1988: Caws, 1989: juel, 1988
Cunningham, 1990: Kahnu et al., 1990].
It 15 important to note that phonolog-
cally based reading disabilin' can co-
occur with other hinguistic/cognirtive

deficits as well as with artentdon-deficiet
disorder (ADD). Within the Lnguisac
domain, it is highly possible that the
phonological deficit 1s also the etological
culprit in the development of abilines in
spelling and wmtten expression [Ehn,
1989; Moats, 1994; Fowler and Liber-
man, 1995]. Specifically, deficits in spell-
ing and writing typically share some of
the same core deficiencies in phonology
[Lindamood, 1994}, as do more general
deficits in many levels of oral language
[Scarborough, 1990; Johnson, 1994].

In contrast, even though reading
disability and ADD frequendy co-occur
in both referred samples (40% co-
morbidity) and nonreferred epidemiologi-
cal samples (153% co-morbidity) [Shav-
witz et al., 1994] the nwo disorders are
distinct and separable. Reading disability
is most highly associated with deficits in
phonological awareness; the effects of
ADD on cognitive functoning are vari-
able, with primary deficits in rote verbal

During the past twenty
years, a wealth of
evidence has been

obtained suggesting that
reading disability

aggregates in families, is

heritable, and probably
reflects autosomal

dominant transmission.

learning and memory and linuted associa-
tion with rewreval and phonological
deficits [Wood et al., 1991; Ackerman et
al., 1994]). Although reading disabiliry
and ADD reflect different etiologies. it is
clear that ADD exacerbates the seventy
and cogmiive morbidity of reading disabil-
ity [Wood et al., 1991).

The development of any biological
and cognitive science of reading disabilicy
requires that distinctions and interrelation-
ships between different oypes of disorders
be identified and clanfied. The failure to
develop classifications that account for
co-morbidity has been an imporant
factor in our peristent difficulties in
establishing 2 reliable and valid definition
of reading disability or dystexia [Fletcher
and Momms, 1986; Fletcher et al., 1993].
The state of the science in this regard is
rapidly improving.

ADVANCES IN TREATMENT
INTERVENTION RESEARCH

The finding that reading disabilicy
frequently is related to and. probably.
caused bv deticits in phonologcal aware-
ness has provided a strong empincal
foundation for the conduct of treatment
intervention studies. Because phonologm-
cal deficits can be 1dentitied 1n kindergar-
ten and first grade [Blachman. 1991].
svstematic studies of the effects of early
interventions can be conducted. Within
this context. a numiber of well-desigmed
longitudinal treatment or intervention
studies have been conducted during the
past tive vears by Blachman and her
associates [Ball and Blachman, 1991;
Blachman, 1991; Blachman et al.. 1994],
Torgesen and his group [Torgesen et al.,
1992, 1994, in press), and Foorman
[1995]. The data from these studies
indicates that children with phonolog-
cally based reading disabiliry require
treatment programs composed of direct
and explicit instruction in phonemic
awareness combined with instruction to
develop sound-symbo] relationships via
syntheuc phonics instrucnonal methods.
It should be noted however, that all the
research groups cited here have found
that even with highly intensive and
informed instruction, 3 number of chil-
dren are resistent to the treatments given.
This consistent finding points out the
stability of severe deficits in phonological
processing skills, as well as the need to
examine the ways in which additional
child charactenistics (such as home and
farmulv background. demographic van-
ables. and linguistic and dialectical charac-
tenistics) interact with specific treatment
methods and approaches. What is clear
from both the epidermuological and treat-
ment studies 1s that early identification
and early intervention are cntcal to
helping children with reading disabiliry
gain facility in reading. As Shaywitz et al.
[1994] have reported, if youngsters with
reading disability are not identified and
provided with intervenuon before reach-
ing mine vears of age, at least 74% of them
will remain disabled throughout their
high school years.

FUTURE RESEARCH
DIRECTIONS

We have addressed the role of
definiton in the conduct of science in the
area of reading disability and, in particu-
lar, the role that poorly constructed defini-
tons have plaved in our persistent inability to
unravel the mysteries of reading disabil-
itv. Perhaps the best example of the
current state of science relating to reading
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disabiliny can be found in the new
defininon of dyslexia proposed by the
Orton Dvslexia Sociery discussed in detail
bv Lyon [1993a]. The new definition 1s as
tollows:
Dyslexia is one of several distinct
leaming disabibines.

It is 2 specific language-based disor-
der of constitutional ongin charac-
terized by difficulties in single word
decoding, usually reflecting insuffi-
cient phonological processing.
These difficuldes in single word
decoding are often unexpected in
relation to age and other cogniuve
and academic abilites; they are not
the result of generalized develop-
mental disability or sensory impair-
ment. Dyslexia is manifest by vani-
able difficuley with different forms
of language, often including. in
addition to problems reading, a
conspicuous problem with acquir-
ing proficiency in wrting and
spelling.

We cite this definition to under-
score the scientific progress that has been
made in our understanding of reading
disability (dyslexia) dunng the past
decade. In contrast to previous defini-
tions, this one is inclusionary rather than
exclusionary. It makes explicit, opera-
vonal data-based statements abourt the
phenotypic expression of reading disabil-
ity (deficits in single word decoding); the
proximal cause of such deficits (insufh-
cient phonological processing); the ge-
netic and brological underpinnings of the
disorder (language-based disorder of con-
sututional ongin); and us clinical presen-

tatton (unexpected in relation to age and”

other cognitive and academuic abilities). In
is last sentence, this defimuon also
addresses the issue of co-morbidity, and is
careful to limut exclusionary statements to
onlv those conditions that have a dis-
unctly different etiology (generalized
developmental disability or sensory im-
pairment). It 1s most important to note
that the definition has evolved directly
from replicated research efforts. Cer-
uinly, the critenia specified in this defini-
tion are dvnamic and subject to modifica-
uon as new data become available.
However, if science continues to prevail,
any additions or modifications will be
data~-driven rather than policy-driven.
Future research efforts at the
NICHD will continue to concentrate on
the development of a valid and opera-
tonal classification system for reading
disability. In addition, emphasis is being
placed on the development of instru-
ments and intervention programs that

will have the highest probabilicy of
success in identifving at-risk children and
applving efficacious treatment interven-
tion programs. Substantial energy will be
devoted to the applicanion and interpreta-
tion of noninvasive structural and func-
tional neuroimaging modalities to achieve
berter understanding of the linkages that
exist among genotvpe, brain, and pheno-
rvpe. The information derived from these
research iniuatives will be used to close
the gap benween observing and appropn-
ately addressing the leaming needs of
children and adules with reading disabil-
iv. B
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NICHD RESEARCH PROGRAM
IN LEARNING DISABILITIES

BY G. REID LYON, Ph.D. and

n 1985, the Health Research
Extension Act was passed by
Congress and signed into law by
the President (Public Law 99-
1 38). This Act mandated the establish-
iient of a Federal Interagency Committee on
Learning Disabilities which was charged with the
task of making specific recommendations to
increase the effectiveness of research in learning dis-
abilities. The National Institute of Child Health
and Human Development (NICHD) was selected

(- lead this effort. The Interagency Committe¢ thus

~.commended that new research be conducted that
was long-term, prospective, longitudinal, and multi-
disciplinary in nature.

In response to this challenge, the NICHD initi-
ated the development of a collaborative research
network that now is composed of five learning dis-
ability research centers (LDRCs), four multidiscipli-
nary research programs for the study of dyslexia,
and three large research progmms devoted to the
study of treatment and
intervention approaches
for language-based read-
ing disabilities. The
LDRCs are located at
the University of
Colorado, Yale
University, Johns
Hopkins University,

Harvard University, and
the University of
Washington-Seattle.
The Dyslexia Research

RESEARCH

' ARTICLES

DUANE ALEXANDER, M.D. ~

Beth Israel Hospital in Boston,
Bowman- Gray School of Medicine in
Winston-Salem, Yale University, and
the University of Colorado. The three
dyslexia treatment research programs
are located at Florida State University, the
University of Houston, and Georgia State
University.

HOW THE PRESENT RESEARCH DIFFERS
FROM RESEARCH IN THE PAST

Until 1985, the study of learning disabilities
(LD) had not been effectively coordinated. Studies
were typically conducted on biased samples, obvi-
ously leading to biased results. Specifically, the
majority of studies conducted during the 1960s,
1970s, and 1980s were carried out with children
(and adults) who had been identified as LD accord-
ing to widely varying definitions and criteria. For
example, studies ihvolving individuals with LD in
lowa would obtain ditferent indings from studies
undertaken in Florida,
primarily because the
samples selected for
study were different.
The state or local crite-
ria for the identification
of LD differed and thus
the samples differed.
No doubt this haphaz-
ard research strategy led
to predictable ditficul-

ties in replicating and
generalizing research

Px'r)gmms are located at

ﬁndings.




In addition, the majority of studies of LD over
the past 20 vears have attempted 1o understand the
disorder by studving individuals who were grouped
according to the vague and ambiguous libel
“Learning Disabled.™ This was unfortunate. The LD
category s actually composed of seven ditferent
tvpes of disabilitics. cach of which is significantly
ditferent from the others. As a number of scientists
have recently pointed out, it simply makes little
sense to conduct investigations of some broadly
defined entity called “learning disability” given
whatwe already know about the differences
between the various types of learning disabilities.
Thus, the NICHD LD Kkescarch Program defines
groups specifically in terms of their specific deficit
(i.e., reading disability, mathematics disability, etc.)
prior to study. By insuring that the research is
focused on specific types of LD, rather than the
general category, and by conducting investigations
in a prospective longitudinal fashion, the NICHD
has begun to obtain highly replicable results that
have clinical significance.

The longitudinal nature of the NICHD research
is of critical importance. In the main, studies are
initiated with children before thev enter school and
the children are then followed and studied as they
proceed through school. This research strategy
serves as a platform to (1) identify critical learning
and behavioral characteristics that may be muanifest-
ed different ways at different developmental peri-
ods, (2) develop early predictors of academic dithi-
culties, (3) map the developmental course of specif-
ic tvpes of LD, (4) identifv commonly co-occurring
disorders and secondary behavioral consequences
that develop in response to failure in school, and
(3) assess the efficacy of different treatments and
teaching methods for the different types of LD.

WHAT HAS BEEN LEARNED?

During the past 10 vears, NICHD research has
concentrated on reading disabilities as a specific
tvpe of LD. This is because reading disabilities are
the most common type of LD and clearly the most
damaging in terms of an individual's school learn-
ing, school adjustment, and occupational and voca-
tional success. By focusing on reading disabilitices,
NICHD researchers have now been able to replicate
several findings related to the etiology (causes),
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developmental course, cognitive features, and bio-
logical characteristics of reading disabilities, as well
as 1o the effectiveness of different treatment)” inter-
vention approaches. These Aindings are summarized
below:

B Definitional issues continue to be the single
greatest impediment wo understanding learning dis-
abilitics and to helping children and adulis with
LD.

B The use of the general term “learning disabili-
ties™ in research practice may hinder our ultimate
understanding of the causes, developmental cours-
es, and outcomes of the specific tvpes of disabilities
subsumed within the LD category: The research
community must grapple with the need to address
each tvpe of LD in its own right in order to arrive at
clear definitional statements and a coherent under-
standing of ctiology, diacnosis, prevention, and
treatment. This p;micu]m' ﬁnding does not, in any
way, detract from the clear need to continue to use
the term learning disabilities in forging public poli-
cv and advocating for the millions of individuals
whose lives are affected by LD.

M Language-based reading disabilities are the
most prevalent type of LD and affect approximately
[7% of school-age children to some degree. This
tvpe of reading difficulty is typically reflected in
inaccurate and slow decoding and word recognition.
This laborious reading of single words frequently
impedes the individual’s ability to comprehend
what has been read, even though listening compre-
hension is adequate.

B \While other factors will no doubt be identi-
fied as contributing to reading disability, deficits in
phonological processing appear to reflect the major
impediment to learning to read. Deficits in phono-
logical processing are characterized by difficulties in
segmenting svhables and words into constituent
sound units called phonemes—in short, there is a
difficulty in turning spelling into sounds.

B Decficits in phonological processing can be
identified in late kindergarten and first grade, and
the presence of these deficits is a strong indicator
that diffculties in learning to read will follow.

W Deficits in phonological processing appear to
be heritable, as shown in both behavioral and mole-
cular genetic studies. Likewise, language-based read-
ing disabilities are highly related to significant dif-

K



ferences in neural processing.

M Although we now have the ability to identify
children who are at-risk for reading failure, and we
now understand some of the instructional condi-
tions that must be considered for teaching, the
majority of LD readers are not identified until the
third grade. This is apparently too late. Seventy-five
percent of children identified after nine years-of-age
continue to demonstrate reading difficulties
throughout high school.

B Despite the widelv-held belief that boys are

~more likely to have reading disabilities than girls,
rescarch has shown that as many girls as boys have
difficulties learning to read. More boys are identi-
fied by teachers in school because of their tendency
to be more rowdy and active than girls.

B The most powerful interventions that have
been identified for reading disabilities to date con-
sist of a combination of
explicit instruction in phone-
mic awareness, explicit
instruction in sound-symbol
relationships (phonics), and
direct and integrated instruc-
tion in text reading and com-
nrehension. This balanced
approach appears to be neces-
sary for adults as well as chil-
dren with reading disabilities.

B Unfortunately, teachers remain seriously
unprepared to address individual differences in
many academic skills, but particularly reading.
However, teachers cannot be expected to know
what they have not been taught. More specifically,
current university-based teacher preparation pro-
grams have been found to be inadequate for the
preparation of teachers to address reading disabili-
ties and other tvpes of LD.

‘WHAT THE FUTURE HOLDS

During the nest five vears, the NICHD will
continue to conduct prospective longitudinal stud-
ies of language and reading disabilities and will
expand these programs to include investigations of
disabilities in written language, mathematics, and
social behavior, In addition, the NICHD research
will focus on the studv of disorders of attention and

ne relationship of such disorders to dithculties
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phonologlcal
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learning to read
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learning to read, write, and to develop competencies
in arithmetic calculation and mathematics reason-
ing. :
The NICHD will als#» continue to design, con-
duct, and support neuroimaging and other neuro-
physiological studies that provide a window on the
relationship between the developing brain and the
ability to learn. We need to better understand how
the brain is organized for complex behaviors, and to
know more specifically how the child with learning
disabilities and the child without such disabilities
differ with respect to cer.ural nervous system func-
tioning. Within this conrext, it is important for us
to know how neurophys:iological and neuroanatom-
ical differences are related to genetic factors and to
environmental influences.
Very importantly, we will be expanding our
basic and applied research programs to understand
hesw different treatment and
tezching interventions affect
well-defined learning deficits
" in children with learning dis-
abilities. It is critical that we
identify the teaching condi-
tions that must be in place in
orcler to help voungsters
deelop competencies in aca-
demic and social skills. We
mi:st develop a better under-
standing about which prizventative strategies and/or
treatment interventions zre most effective for par-
ticular types of learners = different stages of devel-
opment, in different con-=nt areas, and in different
settings. It is our view thzt our future ability to pre-
pare professionals to teach children with learning
disabilities would necesszrily depend on a clear
understanding of these co.nditions. W

For more information on the " JICHD Research Program,
contact: Dr: G. Reidd Lyon, > JCHID/NIH, 6100 Building,
Room 4B03, 9000 Rockville Pike, Bethesda, MD 20892,

Editor's Note: Di: Alexande - is Director of the National
Institute of Child Flealth a..7 Human Development
(NICHD), Nutional Instic.«:cs of Health. D Lyon is
Director of Research Progra~s in Learning Disabilitics,
Language Disorders, and L orders of Attention,
NICHD.




