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Abstract 

Approx ima te l y STc o f nil pubhc school suideuLs j r e idei iLif ief i . i i l i a \ i ng a I c i r m n i ; cli-.-

ahilici.- ( L D ) . L D is not a single disorder, but includes disabil i ik-s in any o f seven areas 

related to reading, language, and niatheniat ics. These separate types o f learn ing dis-

abi l iues fvequenth c o o c c n r one another and w i th social skil l deficits and emo­

t iona l or behav ioral disorders. Most o f the available i n fo rma t i on concei n m g learn ing 

disabil i t ies relates to reading disabil i t ies, and the majorhy o f ch i ld ren wi th lea rn ing dis­

abi l i t ies have their pi ini .ny dcf ic i is in basic reading skills. 

A n impor tan t part o f the de f in i t i on o f L D is its exclusions: learn ing disabil i t ies cannot 

be a t t r ibu ted pnmar i l v to menta l re tardat ion , emot iona l d isturbance, cu l tura l d i i ier -

ence. or disadvantage. Thus, the concept o f L D focuses on die no t ion o f a tl i icri-ivuir: 

ber.'.tren a chi ld 's academic achievement and ins or her apparent capacitv to learn. 

Recent research indicates, lumescr , diat disabiluv in b;isic reading skills is p r i m a r i k 

caused by deficits in phono log ica l auarcness, which is independent o f any achieve­

ment-capacity discrepancy. Deficits in phono log ica l awareness can be ident i f ied in late 

k indergar ten and first grade using inexpensive, s t ra ight fbnvard testing p ro toco l , 

i m c r v e m i o n s have varying ef lcaiveness, depend ing largely on the severity o f the ind i ­

v idual chi ld 's disabili iy. 

T h e pievalencc o f learning di.vahiliiy i r lent i f icr i i ion has iurrei ised dramatical lv m ihe 

|>.-L ;I years. T l ie " iea l : ' prevalence o f LD is subject t " much dispute because o f the 

l.ick ol an agreed-upon de i i n i uou of L D u i t h objectivi.- ident i l i ca t inn cr i t i i 1.1. Some 

l e s e a r r l i n s have argued d ia l i l ie cui rent lv recogn i /e i ! 3c.o prevalence rale is in t la ted: 

o t i ' ie i i ar^ue that L D is still unde r i den t i i i cd . lu fact, it appears that there are both 

s i ' imd and i m s o i m d reasons lor die increase in idcn i i f i ca i ion ITIICS. 

.Sound reasons for the increase inc lude better research, a broader del ini i . ion o f dis-

al>ilir>- in reading, focusing mi p l i n im log ica l awareness, and greater iden i i f i ca i ion o f 

gu ls wi th learn ing disabil it ies. L usound reasons for the increase inc lude broad and 

vague def in i t ions o f learning disabil i iy. f inancia l incentives to ident i fy sludcnl.s lo r spe­

cial educa i ion . and inadequa i r p i vpar . i t i on ul leac hers bv colleges of educat ion, lead­

ing to ov r r i e f e t r a l o f students u u h anv tvpe o f special need. 

r he re is no clear demarcat ion between suidems Viiih n o n n a l read ing abil i t ies and 

those •.vith m i l d reading rlis.ibil i iv The ma jo i i t v of ch i l d ren wi th reading dii.abil i l ies 

liave ie ia i i \e lv m i l d reading dis,ilii!iU( s, \si[h a .sinalle; n u m b e r having ex t ieme lead­

ing disabi l i i ies T h e longer d u l d i v n w id i disabil ity in b;Lsic rea(.liii j; skills, at a m level 

ol s i -er i ly , go wi thout iden i i l i ca l iou and in te rven t ion , the more d i l l i cu l t the lask o l 

reme ' i i . i t i on and die loner the rate o f success. 

Chiidi-.Ti with eMieme deficits in ba.sic rearling skills are much more dimcull to remc-

di.iie :i..!ii children uilli mild or modcrale deficits. It is unclear whether children in 

the iiios; s<;u.|e imie^ can achieve age- and grade-approximate reading skills, even 

w n h uo.-m.il in I e|!i ice .md with intense, informed inicivcmion providerl over a pi • 

' n s future Cf C-rrcrsn SOCIAL cui-CATJOW FOR STUCEMIS WITH C!SAElL:TiE3 W.. 6 . No 1 - Sc.-.ns 



tracted period of time. Children with severe learning disabilities are likely to manifest 
an increased number of and increased severity of social and behavioral deficits. When 
children widi 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 earlv identification and intervention. Even children widi rel-
ativelv 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. Unfortunately, such teachers are in short supply, primarily 
because of a lack of professional certification programs providing this training. 

This article focuses primarily on deficits in basic reading skills, bodi because of dieir 
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
essaiy, it should not be assumed to be sufficient to address the multiple manifestations 
of learning disability. 

pproximately one-half of all children recehing special education 
services nationally, or about 5% of the total public school popula-

. lion, are identified as having a learning disability (LD) when the fed­
eral definition of LD is used by schools to formulate identification criteria.1 

At the same time, LD remains one of the least understood and most debat­
ed disabling conditions diat affect children. Indeed, die field continues to 
be beset by pervasive, and occasionally contentious, disagreements about 
the definition of die disorder, diagnostic criteria, assessment practices, treat­
ment procedures, and educational policies.2-6 

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 frequendy co-occur widi one another 
and also with certain social skill deficits and emotional or behavioral disor­
ders such as attention deficit disorder. LD is not synonymous with reading 
disability or dyslexia~although it is frequendy misinterpreted as such.78 

However, most of the available information concerning learning disabilities 
relates to reading disabilities, and the majority of children ividi LD have 
their primary deficits in reading.2 

Box 1 shows the statutory definition of learning disabilities contained in 
die Individuals widi Disabilities Education Act (IDEA). An important part of 
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Box 1 
, I 

• Definition of Learning Disability Under 
the Individuals with Disabilities Education Act 

i 

' "Specific learning disability" means a disorder in one or more basic psychological processes 
• \ involved in understanding or in using language, spoken or written, dint mav manifest itself 
: j in an imperfect ability to listen, speak, read, write, spell, or to do madiemadca! calculations. 
:! The term includes such conditions as perceptual disabilities, brain injury, minimal brain 
'j dysfunction, dyslexia, and developmental aphasia. The term does not apply to children 
'•j who have learning problems that are primarily the result of visual, hearing, or 
j motor disabilities, of mental retardation, of emotional disturbance, or of environmental, 

i cultural, or economic disadvantage. 

Souce: Code of Feaeral Regulations. Title 34. Subtitle B. Chapter III. Section 300V(b)(10). ! 

the definition of learning disabilides under the IDEA is die exclusionary lan­
guage: learning disabilides cannot be attributed primarily to mental retar-
dadon, emotional disturbance, cultural difference, or environmental or 
economic disadvantage. Thus, the concept of learning disabilities embed­
ded in federal law focuses on die notion of a discrepancy between a child's 
academic achievement and his or her apparent capacity and opportunity to 
leam. More succincdy, Zigmond notes that "learning disabilities reflect 
unexpected learning problems in a seemingly capable child."9 

Although poverty and disability are often found together and each tends 
to exacerbate the other (see the article by Wagner and Blackorby in diis 
journal issue), Congress has established separate programs to serve children 
widi 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 childre-n. Because individual children with disabilities have strong 
entidements 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 diose 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 
eontinued disagreement in the field about diagnostic criteria, assessment 
practices, treatment procedures, and educational policies for learning dis­
abilities. 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.45 While some progress has been made 
during the past decade in establishing more precise definitions and a theo­
retically based classification system for LD, 8 - 1 0 it is useful to understand 
these historical influences because of their continuing impact on diagnostic 
and treatment practices for children with learning disabilities. 
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The next section of this article review's briefly the historical events that 
have molded die field of learning disabilides into its present form. 
Subsequent sections address issues related to the prevalence of learning dis­
abilities, the validity of current prevalence estimates, impediments to die 
identification and teaching of the child with LD, advances in identification, 
classification, intervention practices in the area of reading disability, comor­
bidity of types of learning disabilities (reading, written expression, mathe­
matics disabilides) with disorders of attention and social skills deficits, 
outcomes for individuals with learning disabilities, and the implications for 
teacher preparation and school policies. 

Historical Influences 
The study of learning disabilities was initiat­
ed in response to die need (1) to under­
stand individual differences among children 
and adults who displayed sfiecific deficits in 
spoken or written language while maintain­
ing integrity in gmeral intellectual function­
ing and (2) to provide services to these 
students, who were not being adequately 
served by the general educational sys­
tem.0-"0 Overall, the field of learning dis­
abilities emerged primarily from a social 
and educauonal need and currendy remains 
a diagnostic practice that is more rooted in 
clinical pnictice, law, and policy dian in sci­
ence. Advocates for children with learning 
disabilities have successfully negotiated a 
special education category as a means to 
educational protection at die same ume that 
tlie schools have seen an increase in the 
ideniilication of LD.1"' 

The unexpected pattern of gnirral 
strengths and sprcifir weaknesses in learn­
ing was first noted and studied by physi­
cians during the early rwentieth century, 
thus giving the field its historical biomed­
ical orientation.1" Doctors noted diat chil­
dren with learning disabilides were similar 
to adults and children with focal brain 
damage in diat specific impairments in 
some areas of learning could occur with­
out diminishing strengths in general cog­
nitive ability. 

Although the clinical work conducted 
during the first half of the twenueth centu­
ry recognized die existence of learning dis­
abilides, such information had litde inlhi-
ence on public school policies undl the 
mid-1960s. At diis ume, behavioral scien­
tists, educators," and parents expressed 
concern diat some children had learning 
handicaps that were not being serv ed effec-

uvely by general educauonal pracuces.9 At 
the same ume, these children were ineligi­
ble for special education services because 
dieir characterisucs did not correspond to 
any recognized categories of disability. This 
disenfranchisement sumulated an advoca­
cy movement to provide special educauon­
al services to students widi learning disabil­
ides,4'69 leading many states to establish a 
special educadon category for LD during 
the late 1960s and 1970s. 

Prevalence 
Tlie influence of advocacy has, in tum, con-
uibutcd to a substantial proliferadon in die 
number of children who have been idenu-
hed widi learning disabilities relative to odiei 
handicapping conditions (see Figure 1). 
Clearly, die prevalence of LD identification 
has increased dramatically. 

The "real" prevalence of learning dis­
abilities is subject to much disptite because 
of the lack of an agreed-upon definition 
of LD and objective diagnostic criteria.11-1-
Some have argued diat die currendv rec­
ognized 5% prevalence rate is excessive 
and is based on va^ue definitions, leading 
to inaccurate identification. On die odier 
hand, research efforts to identify objec­
tive early indicators of LD in basic reading 
skills have concluded diat 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.1 3 Research also 
indicates that approximately 6% of the 
school population has difficulties in math­
ematics which cannot be attributed to low 
intelligence, sensory deficits, or economic 
deprivation.14 
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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 substantial increase in the identification 
of children with learning disabilities 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.15 In fact, it appears likely that 
there are both sound and unsound reasons 
for the increase, as is discussed later. 

quences of learning failure in children, and 
the tremendous financial resources that are 
applied to the identification and teaching of 
children widi learning disabilities. 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 scientific and clin­
ical communities. 

It should be made clear diat difficulties 
in the identification of children with learn­
ing disabilities do not make the disabilities 
any less "reaT to the student who cannot 
leam to read, write, or understand mathe­
matics despite good intelligence, an ade­
quate opportunity to leam, and ostensibly 
good teaching. However, such an anecdotal 
understanding of learning disability and its 
prevalence seems inadequate now, given the 
increase in diagnoses of LD, the conse-

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 identification that are clear, observable, 
measurable, and agreed upon. 

The Discrepancy Standard 
There is currendy no universally accepted 
test, test batter)', or standard for identifying 
children with LD. While a discrepancy 
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berween intelligence quotient (IQ) and 
achievement has been a widely accepted cri­
terion for the idendficadon of LD and still 
serves as the driving clinical force in the 
diagnosis of LD, there is considerable varia­
tion in how the discrepancy is derived and 
quantified.9'16 Federal regulations and 
extant clinical criteria17 do not specify' par­
ticular formulas or numerical values to assess 
discrepancy objectively. The effect of this 
lack of specification on both clinical and 
research practices is substantial. From a clin­
ical standpoint, a child can be identified as 
having a leaining 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 perspective, 
different approaches to die discrepancy 
measurement lead to substantially different 
siimple characteristics and different preva­
lence estimates, which undermine die abili­
ty to replicate and generalize findings.5f,R9 

For the individual child, use of the dis­
crepancy standard clearly promotes a wait-to-
fail policy because a significant discrepancy 
between IQand achievement generally can­
not be detected until about age eight or 
nine. In fact, most school districts do not 
identify children with learning disabilities 
until a child is reading well below grade level, 
generally in third or fourdi grade.lf;By diis 
time the child has already experienced at 
least a few years of school failure and proba­
bly has experienced die common attendant 
problems of low self-esteem, diminished 
motivation, and inadequate acquisition of 
the academic material covered by his class­
mates during die previous few years. 

It is clear that the longer children with 
learning disabilities, at any level of severity, 
go without identification and intervention, 
the more difficult the task of remediation 
becomes and the harder it is for the children 
to respond. Specifically, the data strongly 
suggest that children at risk for reading fail­
ure should be identified before die age of 
nine if successful intervention results are to 
be anticipated.13 For example, a longitudinal 
investigation of 407 students19 found that 
74% of the children whose disability in read­
ing was first identified at nine years of age or 
older continued to read in the lowest quin-
dle throughout their middle and high 
school yean. In addition, the longer chil­
dren, at all severity levels, are faced with fail­

ure in reading in die classroom setting, die 
greater the probabilitv that comorbid learn­
ing and behavioral difficulties will arise, fur­
ther complicating die remediation task. 

Developing a Diagnostic 
Standard 
If current definitions of learning disabilitv 
are not useful and if the discrepancy stan­
dard is a poor one, why have schools not 
adopted other means of defining and iden­
tifying LD? There are a number of concep­
tual and methodological barriers to the 
accurate identification of learning disabili­
ties, and these impediments lead to confu­
sion about definitions, diagnostic issues, and 
rising prevalence rates. 

Multidisciplinary Nature of the Field 
Opinions about what constiaites a learning 
disability vary610 in pan because LD is die 
concern of many disciplines and professions, 
including education, psychology, neurology, 
neuropsychology, optometry, psychiatry, and 
speech and language pathology, to name a 
few. Each of diese disciplines has traditional­
ly focused on different aspects of die child or 
adult widi learning disability, so divergent 
ideas and contentious disagreements exist 
about die importance of etiology, diagnostic 
methods, intervention mediods, and profes­
sional roles and responsibilities.10 It is not 
suipiising that so many children are identi­
fied because each professional mav view die 
child dirough his or her own idiosyncratic 
clinical lens. For example, optometrists may 
identify a child as having a learning disability 
if the youngster displays difficulties in visual 
u-acking. Speech and language pathologists, 
on die odier hand, become concerned if the 
child's vocabulary and syntactic develop­
ment are not commensurate with expecta­
tions. Educators become concerned primar­
ily when development in reading, writing, 
and mathematics is deficient. 

Lack of Specific Identification Criteria 
Probably.die. most significant and penistent 
problem in the field is the lack of a pre­
cise definition and a theoretically based clas­
sification system that would allow (1) the 
identification of different types of learning 
disabilities and (2) a means of recognizing 
distinctions and intenrelarionships between 
types of learning disabilities and other learn­
ing disorders such as mental retardation, 
attention deficit disorder, speech and lan-
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guage difficulties, and genera! academic 
underachievement20 At present, die field 
condnues to construct and use \^gue and 
ambiguous definidons that rely heavily on 
the exclusion of altemauve diagnoses, such 
as the IDEA definition shovm in Box 1. 

Overly Broad Label 
Some observers argue that the term "learn­
ing disability" is too broad to be of any diag­
nostic value. Stanovich,16 a leading propo­
nent of this view, proposes that the general 
term learning disabilities be abandoned and 
that definitional and research efforts focus 
on the specific types of disabilities that are 
now identified in ambiguous terms. 

As noted earlier, the generic term learn­
ing disabilities encompasses disabilities in 
seven categories: (1) listening, (2) speaking, 
(3) basic reading skills, (4) reading compre­
hension, (5) written expression, (6) mathe­
matical calculation, and (7) madiemaucal 
reasoning. Given the complexity and het­
erogeneity of each of these disabilities, it 
seems unrealistic to expect that any defini­
tional clarity can be achieved by grouping 
them together under one label. To do so 
only obscures the critical features of each 
disability and makes research findings diffi­
cult to interpret. 

Definidons of specific learning disabili­
ties can be more easily and successfully oper-
ationalized than generic definidons, as die 
research on disabilitv in basic reading skills 
shows.3 To establish valid prevalence esti­
mates for the number of individuals with 
learning disabilities, the first step should be 
to establish explicit diagnostic criteria for 
each of the seven specific disability domains. 
At present, the greatest progress toward diis 
goal has been in the area of disability in basic 
reading skills.8 

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 die majority of stu­
dents identified as having learning disabili­
ties are not intrinsically disabled but have 
learning problems because of poor teach­
ing, lack of educational opponunity, or lim­

ited educational resources.15 In addition, 
because the label of LD is not a stigmatizing 
one. parents and teachers mav be more 
comfortable with a diagnosis of LD than 
with labels such as slow learner, minimal 
brain dysfunction, or perceptual handicap. 
A diagnosis of LD does not imply low intel­
ligence, emotional or behavioral difficul­
ties, sensory handicaps, or cultural disad­
vantage. Thus, more positive outcomes are 
expected for children with learning disabil­
ities dian for those with mental retardation 
or emotional disturbance. 

Reasons for Increase in 
Identification of LD 
As pointed out, die substantial increase in die 
identification of LD, as shown in Figure 1, 
has caused many researchers to question 
the validity of the data. No doubt, die fail­
ure to develop an agreed-upon, objective, 
operational definition of learning disability 
gives credence to the concern abottt the 
validity of the identification process. Thus, 
it seems reasonable to assume diat at least 
some of the increase in prevalence can 
be linked to conceptual, methodological, 
social, and political factors diat spuriously 
inflate the identification of children with 
learning disabilities."' However, despite die 
conceptual and mcdiodological shortcom­
ings that have plagued the field with 
respect to definition and identification 
practices, die re exist a number of possibly 
sound reasons that could account for an 
increase in the number of children identi­
fied widi LD. 

Some Sound Reasons 
As knowledge about learning 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
tification rates are described and discussed 
in the sections that follow. 

a Better Research. Research in the past decade 
measures underachievement in reading as it 
occurs naturally in large population-based 
samples1213 rather than as identified 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.2-!2-1*-1 '̂-*' Finally, manv of these 
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siuclit-s lia\'c been specific 10 LD in reading. 
iTidier dian LD in general. ;J]o\\in' r 'Tcaicr 
precision. 

• Biixiih- Difmuiuiis. Prevalence is <iirecdv 
linked to definition. LD in l eading has been 
riei'merl in recent research as significant diffi-
niliuw in rradin^ sin's/t' :niia'\ nccumlck and Jhi-
n;:!\. in cainiriuilKm iv.itIi dvfints tn jilniiinlii^iid. 
rr.vnn nvŝ * L'siyrj diis delinidon and siroiiger 
li)n'iini(iin'.'.l research nicihods. ouilined 
anu-.i.-. t.hc prevalence lor reading disabilitv 
alone IKLS increased Hum estimates ot less 
than r>% in Y-J~C> to approximately I 7',o in 
19114.'-' 

Plionological awareness is a critical 
attribute in learning to read, and children 
who lack this awareness can be idennlied 
in late kindergarten and earlv first grade. 
Tvpical diagnostic questions tor kindergan-
ners or fiist graders involve rhvming skills 
(for example. "Tell me dirce words that 
rhyme with 'cat'") and phoneme deletion 
skills (for example, "Sav 'cat' widiout the 
/ [/ sound"). The majority of children flick 
up phonological awareness skills easily bv 
six 10 seven years of age, but a large minor-
hv of children (about 17%) have significant 
difficulty with diese skills and will have 
great diflicukv learning to read, regardless 
of their intelligence, unless diese skills are 
acquired. 

a Identification of LD in Girls. A subst.iniial 
portion of this increase can be attributed 
10 the fact that females have been found 
to manifest reading disabilities nt rates 
equal to males, in contrast to previous 
reports that males with reading disabilities 
ouinumbered females with leading dis­
abilities at a ratio ot four to one.--' This 
' i iui ing necessarily increases the preva­
lence rate. 

: j Inamsvii Aivan:ncss. Inibnnation dissemi­
nated in the p;ist decade, parucularlv con­
cerning the characteristics of reading 
disability, has increased the number of chil­
dren relerred tor assessment of a leai ning 
disabiiirv." 

ra L'ndnstanduig of the Impact. There has 
been an increase in the recognition that 
even "mild" deficits in reading skills are 
likely 10 portend significant difliculues in 
academic learning and are, tiierefore. wor­
thy of earlv identification, diagnosis, and 
intervention.-c''-'' 

Seme Unsound Reasons 
There is no shortage of lion or stories about 
die misidentification oi LD and reports dial 
the category selves as a "catch all" for anv 
youngster who is not meeung the expecut-
uons of parents and teachers. Are there lecru-
imate reasons for diese criticisms? The 
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answer appears to be yes. Examples are 
described and discussed in the secuons that 
follow. 

• Ambiguous Definitions. The ambiguity 
inherent in the general definidons of LD (see 
Box 1) leaves the identification process open 
for wide interpretation and misinterpreta­
tion. Flexible identification decision making 
allows some children to be identified as hav­
ing learning disabilities when they do not, 
while others widi learning disabilities may be 
overlooked.5 This latitude can be manipulat­
ed to increase prevalence rates in response to 
financial incentives (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 cosdy.28 

9 Social and Political Factors. Social and polit­
ical factors also contribute to the inflation of 
prevalence rates for learning disabilities. In 
1976-77, die first year of full implementation 
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 disabilities. 

dren widi mental retardation (MR) and 
1.80% in programs for children widi learning 
disabilities (Figure 1). By die 1992-93 school 
year, placements for children widi 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 dramatic changes in 
identification rates of the two types of dis­
ability suggest that attempts to apply less stig­
matizing labels may be influencing the iden­
tification process. 

• Number of Professional Specialties Involved. 
The large number of professional specialties 
involved in the identification 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 practices allow 
prevalence rates to escalate. This is a signifi­
cant problem when diere are financial 
incentives to encourage identification (see 
die article by Parrish and Chambers in diis 
journal issue). Both market and legal forces 
can stimulate die development of new pro­
fessional specialties (such as language/learn­
ing disorder specialist) whose members have 
financial incentives to diagnose students with 
learning disabilities, which die specialists will 
often be employed to treat. Aldiough it mav 
be uncomfortable to mention diese factors, 
they exist and play some role in the increase 
of prevalence of LD. At the same time, the 
majority of professionals serving children 
widi learning disabilities appear well inten-
tioned and well informed. 

m Inadequate Preparation of Teachers. 
Unfortunately, a major factor contributing 
to invalid prevalence estimates mav be die 
inadequate preparation of teacheis by col­
leges of education. Recent studies have 
found that a majority of regular classroom 
teachers feel diat they are not prepared to 
address individual differences in learning 
abilities widiin classroom settings.'-'9 Even 
more alarming, research suggests diat spe­
cial educators themselves do not possess suf­
ficient content knowledge to address die 
language and reading needs of children 
with learning disabilities.'50 Without ade­
quate preparation, teachers have a tendency 
to overrefer children for specialized assis­
tance because they feel ill-equipped to pro­
vide the necessary services.31 

Interpreting Prevalence Rates 
The prevalence of learning disabilities is 
completely dependent upon die definition 
used. In most areas, the identification 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-
candy below expectations based on IQ. This 
is, at best, an incomplete definition of LD 
and one that, for die majority of students 
with learning disabilities, is based upon an 
invalid criterion, namely, the discrepancy 
standard. 

Clearly, current definitions allow bodi 
overidentification and underidentification 
of LD. Depending upon the magnitude of 



financial incentives and upon unrelated fac­
tors (for example, class size, goals for 
increasing test scores) diat often shape the 
decisions of classroom teachers to refer stu­
dents with special needs, an individual 
school district may drastically overidentify or 
underidentify smdents with learning disabil­
ities. Therefore, local or national statistics on 
identification rates for students with LD 
must be interpreted with caution. 

Efforts to Improve 
Idsrtfificaficn 
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 
interrelationships among types of LD and 
other childhood disorders.'-'"03'- Prospective 
longitudinal smdies are one of the most 
powerful means to study die difTerent types 
of LD and dieir relationships to odier disor­
ders and to obtain data for a focused and 
succinct definition. 

Prospective, longitudinal studies of LD 
can serve as a plati'orm to (1) identify criti­
cal learning and behavioml charactenstics 
that may be manifested in different ways at 
differeiu developmental periods, (2) devel­
op early predicioj-s of underachievement 
for different academic domains (for 
example, reading, written language, madi), 
(.") map the developmental course of dif-
fercnt types of learning disabilities. (4) iden-
ufv commonly co-occuning disorders and 
secondary behavioral consequences that 
develop in response to failure in school, and 
(5) assess die efficacy of different u-eatment 
and teaching methods for different ty pes of 
learning disabilities. 

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

New Knowledge of 
Reading Disabilities 
Since the inauguration of the NICHD 
Learning Disability Research Network in 
1987, researchers have learned die most 
about learning disabilities that affect linguis­
tic, reading, and spelling abilities and the 
least about learning disabilities 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-

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.12 For brevity, die major discoveries 
made during die past several years are prt^ 
sented in Table 1. Selected findings are 
reviewed here. The reader should note diat 
many findings have been replicated by mul­
tiple research groups, as cited in Table 1, and 
that die findings are primarily based on large 
longitudinal samples. Finally, readers should 
note that studies being conducted in Canada 
by Stanovich and Siegel at die Ontario 
Institute 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 die Yale Learning Disability 
Research Center (LDRC). 

As Table 1 shows, a majority of discover­
ies made during the past decade have been 
in die area of reading disabilities. This is 
appropriate. As Lemer pointed out from 
her analysis of public school referral data in 
19S9,33 approximately 80% of children iden­
tified as having learning disabilities have 
their primary difficulties in learning lo read. 
This high rate of occurrence of reading dif­
ficulties among youngsters with LD has also 
been reponed by Kavale in his meta-analytic 
studies.34 More-recent longitudinal and 
cross-sectional studies have supponed the 
high rate of reading difficulty among chil­
dren widi learning disabilities, but have also 
found diat reading deficits frequendy co-
occur widi other academic and attentional 
difficulties. For example, Fletcher and his 
associates at the Yale Center for the Study of 
Learning and Attention have, as pan of a 
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Table 1 

Major Findings from Research Programs Supported by the 
National Institute of Child Health and Human Development " 

Research 
Domain Findings 

Research 
Group* 

Definition 
of learning 
disabilides 

Definitions that measure the discrepancy between IQ and achievement 
do not adequately identify learning disabilities, particularly in the area 
of basic reading skills. 

Yale 
Ontario 

Reading 
processes 

Disabled readers with and without an IQ-achievement discrepancy 
show similar information processing, genetic, and neurophysiological 
profiles. This indicates that the existence of a discrepancy is not a 
valid indicator of disability in basic reading skills. 

Colorado 
Bowman Grav 

Yale 
Ontario 

Reading 
processes 

Epidemiological studies indicate diat as many females as males manifest 
chslexia; however, schools identify three to four times more boys than girls. 

Bowman Gray 
Colorado 

Yale 

Rending 
processes 

Reading disabilities reflect a persistent deficit rather than a developmental lag. 
Longitudinal studies show that, of those children who are reading disabled 
in tlie third grade, approximately 74% continue to read significantly below 
grade level in die nindi grade. 

Yale 
Ontario 

Reading 
processes 

Children with reading disability dilTer from one another and from other 
readers along a continuous distribution. They do not aggregate together 
to form a distinct "hump" separate from the normal distribution. 

Yale 
Bowman Grav 

Colorado 
Ontario 

Rearling 
processes 

The ability to read and comprehend depends upon rapid and automatic 
recognition and decoding of single words. Slow and inaccurate decoding 
arc the best predictors of deficits in reading comprehension. 

Yale 
Bowman Cray 

Colorado 
Johns Hopkins 

Florida 
Houston 

Reading 
processes 

The ability to decode single words accurately and fluendy is dependent 
upon the ability to segment words nnd syllables into phonemes. Deficits 
in phonological awareness reflect die core deficit in dyslexia. 

Yale 
Colorado 

Bowman Gray 
Miami 

Johns Hopkins 
Florida 

Houston 

Reading 
processes 

The best predictor of reading ability from kindergarten and 
first-grade performance is phoneme segmentation ability. 

Bowman Gray 
Yale 

Florida 
Houston 

Attention A precise classification of disorders of attention is not yet available; 
however, operational definitions are emerging. 

Yale 

Attention Approximately 15% of students widi reading disability also have a 
disorder of attention. Approximately 35% of smdents with disorders 
of attention also have reading disability. However, the two disorders 
are disunct and separable. 

Bowman Gray 
Yale 

'See the related enanote at the end of this article for a detailed description of research groups. 



Table 1 (continued) 

Major Findings from "Research Programs Supported by the 
National Institute Of Child Health and Human Development 

Research 
Domain Findings 

Research 
Group* 

Attention Disorders of attention exacerbate the severity of reading disability. Bowman Gnu 
Miami 

Genetics There is strong evidence for a geneuc basis for reading disabilities, with 
deficits in phonological awareness reflecting the greatest degree of 
heritability. 

Colorado 
Boyvman Gray 

Neurology Regional blood studies indicate that deficient word recognition skills are 
associated with less than normal activation in the left temporal region. 

Bowman Grav 

Neurology PET studies indicate that dyslexic adults have greater dian normal 
activation in die occipital and prefrontal regions of the cortex. 

Mi;imi 

Intervention Disabled readers do not readily acquire die alphabetic code because of 
deficits in phonological processing. Thus, disabled readers must be 
provided highly structured programs diat explicidy teach application 
of phonological rules to prim. 

Bowman Gray 
Florida 

Houston 

Intervention Longitudinal data indicate diat 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. 

larger classification effort, studied 216 chil­
dren, 7.5 to 9.5 years of age, who were iden­
tified as normal readers, reading disabled, 
math disabled, both reading and math 
disabled, normal reading with ADD, and 
reading disabled with ADD.-1-33 From diis 
sample of children with a variety of learning 
disabilities, only 25 youngsters were reading 
at age-appropriate levels. 

Research indicates that reading disor­
ders reflected in deficient decoding and 
word-recognition skills are primarily caused 
by deficiencies in the ability to segment syl­
lables and words into constituent sound 
units called phonemes.'6---36-38 For exam­
ple, in a large study of 199 seven- to nine-
year-old children who.iiad .significant diffi­
culties in decoding and word recognition, 
more than 85% of the youngsters manifest­
ed deficits on measures of phonological 
awareness. In this investigation, children 
widi and without IQ-reading-achievement 
discrepancies appeared equally impaired 
on both the phonological and reading mea­
sures.21 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
tionship is so strong that it deserves to be 
identified as one, if not the defining, feature 
of reading disability."^9 

Biological Bases 
Several NICHD investigations have indicat­
ed diat these phonologically based reading 
disabilities are linked to neurobiological 
and genetic factors.2S-13-*3 Functional and 
structural neuroimaging studies indicate 
that the poor phonological skills, which 
limit die development of basic reading abil­
ities, are-highly related to aberrant neuro­
physiological processing.22-40 Moreover, 
there is increasing evidence from behav­
ioral and molecular genetic studies that the 
phonological deficits observed in reading 
disability are heritable.-" ^ Taken together, 
longitudinal studies of the linguistic, neuro­
biological, and genetic factors in reading 
disabilities provide strong and converging 
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evidence diat reading disability is primarily 
caused by deficits in phonologicaJ process­
ing and, more specifically, phonological 
awareness."-13-30-37-38-40 

Likewise, the data derived from geneuc 
and neurobiological studies suggest diat 
some reading disabilides are associated with 
subde chromosomal42 and neurological dif­
ferences,22-10 indicaung that such disabilides 
are biologically "real" rather than sociopolit-
ically created. 

Discrepancy Standard 
In addidon to the previously discussed prob­
lems of the discrepancy standard, Table 1 
indicates diat die use of a discrepancy for­
mula, which calculates differences between 
IQ and reading scores, is not a valid indica­
tor of reading disabilitv-; that is, children with 
reading disabilides both widi and without 
such discrepancies have similar deficits in 
phonological awareness and similar geneuc 
and neurophysiological characterisdcs.3" At 
this ume, it is not clear whether children 
with higher IQs respond more favorably to 
intervention.7 

Persistent Deficit 
Unfortunately, as Table 1 indicates, reading 
disabilities appear to reflect a persistent 
deficit mdier dian a developmental lag. 
That is, children with delays in understand­
ing phonological concepts in tiiM grade are 

Interventio?is 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 motivation and 
impaired self-concept. 

unlikely to catch up later, ivithout .explicit 
and informed teaching. Longitudinal stud­
ies show diat, of the youngsters who are 
identified in the third grade, approximately 
74% remain reading disabled through the 
ninth grade.19-43 This appears to be true even 
when special education has been provided. 
It should be made clear, however, that inter­
ventions applied after a child has failed in 
reading for two or three years may not be 
effective for several reasons, including the 
smdents declining motivation and impaired 

self-concept. Instructional difficulties in later 
intervention abound. For example, die 
teacher carrying out die interventions mav 
not be properly trained, die inteiveniions 
may not include explicit and informed 
instruction in the development of phonev 
logical awareness and sound-symbol rela­
tionships, the interventions may not be con-
sistendy applied and/or may be limited in 
intensity and duration, and there mav be 
insufficient follow-up or explicit instruction 
to enable the student to generalize die spe­
cific concepts learned to material presented 
in regular classroom settings. 

Distribution of Severity 
A significant finding from die Yale LDRC 
is that reading disability represents the 
extreme of a normal distribution of reading 
ability so that diere is an unbroken continu­
um from reading ability to reading disabili­
ty.43 The finding diat reading disability is 
part of a continuum now places the disor­
der in die context of odier biologically 
based disorders such as hypertension and 
obesity.43 The discovery that reading disabil­
ity is best conceptualized as occuning along 
a normal distribution of reading skills 
underscores die fact that children will vary 
in dieir level of severity of the disorder run­
ning along a mild-to-severe spectrum, with 
the majority of children with reading dis­
abilities falling at die mild end. This finding 
has significant implications. For example, 
what are die criteria for identifying 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 identify 
the most valid points along the distribution 
of reading scores that distinguish levels of 
severity. In part, the validity of different cut-

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



ranges.44-*6 It is as yet unclear whether chil­
dren in die more severe range can achieve 
age- and grade-approximate reading skills, 
even with intense, informed intervendon 
provided over a protracted period of time. 

While children with severe reading dis­
abilities will most likely require a greater 
amount of time in high-impact intervention 
programs than children with less severe 
deficits, as discussed earlier, it is clear that 
die longer children ai any level of severity go 
without proper identification and interven­
tion, the more difficult the task of remedia­
tion and die harder it becomes for the chil­
dren to respond. It is also clear that even 
children widi relatively subde 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.30 

Unfortunately, such teachers are in short 
supply, primarily because of a lack of pro­
grams providing diis training.31 

Co-occurring Disorders 
As noted, most children with learning dis­
abilities have more dian one of die seven 
subtypes of learning disabilities. It is also not 
unusual to find LD co-occurring with certain 
behavioral or emotional disorders. The most 
common co-occuning combinauons are dis­
cussed briefly below. 

Reading end Attention Disorders 
Attention deficit disorder (.ADD) is an 
increasingly common diagnosis recognized 
in medicine47 and psychology17 aldiough it is 
not a category of disability recognized under 
the IDEA. Like LD, ADD is die subject of 
considerable controversy, and diagnostic cri­
teria for ADD continue to evolve. There is 
no litmus test for ADD, which is diagnosed 
on the basis of peisistent and maladaptive 
behavior patterns (inattention, impulsivitv, 
and hyperactivity) that are inappropriate for 
the child's age. The number of diagnoses of 
ADD has increased dramatically in die past 
decade,48 and one study1- found 7% of a sur­
vey sample of 445 kinderganen students 
qualifying as "inattentive" on the Multigradc 
Inventory for Teachers. 

Figure 2 1 2 indicates that a child identified 
with reading disabilities Ls twice as likely as a 
member of the general population to also 
meet the diagnostic criteria for inattention 

(15% versus 7%). Similarlv. an individual 
diagnosed widi ADD is at higher risk than a 
member of die general population of having 
a reading disability/phonological awareness 
deficit (36% versus 17%). Despite this co­
occurrence, recent studies have indicated 
that reading disabilities and .ADD are dis­
tinct and separable disorders.1- - 4 9 

Unfortunately, when children with dis­
abilities in reading also manifest ADD, their 
reading deficits are typically exacerbated, 
more severe, and more resistant to interven­
tion." In contrast to reading disabilides, 
ADD is more prevalent in males. Given the 
frequent co-occurrence of ADD widi read­
ing disabilities and given die tendencv 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
tion from teachers, this combination may 
make boys with disabilities in reading much 
more likely dian girls with disabilities in 
reading to come to the attention of teachers 
and to be referred for testing. 

Social Adjustment Problems 
In a broad sense, data indicate diat learning 
disability, no matter what the specific type, 
has a tendencv to co-occur with social adjust­
ment problems.w Bn.ick,M in her review of 
die literature related to social and emotion­
al adjustment, concluded that children widi 
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 peisistent. 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.1 3 Deficits 
in social skills have also been found to exist 
at significandy high rates among children 
widi learning disabilities.53 In general, social 
skill deficits include difficulties interacring 
with people in an appropriate fashion (for 

'••n^vsr /«r,v7.pn 
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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-
dons). While not all children with learning 
disabilides exhibit deficits in social skills, 
there are certain common charactenstics 
among those who do. For example, Bruck51 

reported that children widi more severe 
manifestadons 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 adjustment 
problems.51 

Reading Disorders with Other 
Learning Disabilities 
There is abundant evidence that it is rare for 
a child widi learning disabilities to manifest 
only one specific type of learning disabili­
ty.3-13 The co-occurrence of learning disor­
ders should be expected given die develop­
mental relationships between listening, 
speaking, reading, spelling, writing, and 
mathematics. For example, it is clear that 
deficits in phonological awareness lead to 
difficulties in decoding and word recogni­
tion which, in tum, lead to deficits in read­
ing comprehension.'^"^ Likewise, children 
widi disabilities in rending frequendy experi­
ence persistent difficulties in solving word 
problems in math for the obvious reason 
diat the printed word is difficult for them to 
comprehend.14 

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 relationships, and 
contextual reading skills, the child may also 
require elements essential to bolstering self-
esteem, and to fostering reading in other 
content areas such as mathematics, social 
studies, and science. One cannot expect the 
intervention 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 syntax. Unfortunately, well-designed 
research investigating disorders of written 
expression is relatively meager. Definitions 
for disorders of written expression remain 
vague.54 Therefore it is not surprising that 
estimates of the prevalence of such disor­
ders range from 8% to 15%.^ VVliat is 
known is that boys and girls display writ­
ten language deficits at relatively equal 
rates.54 Despite the lack of objective and 
detailed identification criteria, a number 
of excellent studies have been conducted 
to identify effective assessment and inter­
vention programs for problems in written 
expression.5i--'' 

The most successful programs tend to 
ensure diat clear linkages are drawn between 
oral language, reading, and written lan­
guage. Successful programs also ensure-
that basic skills development in spelling 
and writing (graphomotor production) are 
explicidy taught and/or accommodated 
and that die student is also taught how to 
employ strategies to guide the fonnulation 
of ideas for writing and die organization of 
these ideas in writing. These elements are 
common to many writing programs; howev­
er, successful instruction for students widi 
disabilities in written expression depends 
upon dieir 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 (3% of the school 
population have difficulties in mathemat­
ics that cannot be attributed to low intelli­
gence, sensory deficits, or economic depri­
vation. 1 4- 5 S 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.14 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 identifying math learn­
ing disabilities accurately is that, like learn­
ing to read, learning mathematics con­
cepts is dependent upon die teacher's 
knowledge of the concepts and ability to 
present them.1 3 



Figure 2 

Co-occurrence of Reading Disability with Attention Deficit 
Disorder in a Sample of 445 Students at Ninth Grade 
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Study pooulation: 445 children recruited through a random sample of those attending Connecticut pub­
lic kindergarten during the 1953-34 school year. This cohort was followed for several years. This chart 
reflects measures token during the subjects ninth-grade year. 

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

b ADD is defined as a score of greater than or equal to 1.5 above the mean on the inattention scale of the 
Multig^cde Inventory tor leachers. 

c RD with ADD is the peicentage of all students meeting the ctiieiia for UD in this study who also met the 
criteria tor ADD. 

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

Source Adapted with permission from Snaywitt. S.E.. Fletcner. J.M.. and Shoywitz. B.A. Issues in me definition and classifico-
tion of attention deficit a::order Topics in Language Disorders (1994) 14.1-25. 

inierveniions for Learning 
Disabilities 
Space does not permit an extended review 
of research on intervention methods for 
different types of learning disabilities. 
However, high-quality prospecdve longitu­
dinal research methods are now being 
applied to the study of treatment methods 
for reading disabilides, and diat research is 
summarized here. 

Research attempting to identify effective 
treatment methods for different types and 
severity levels of reading deficits has been 

enormousl)' difficult. This is because typical 
treatment studies have not been able to reli­
ably determine whether the outcomes seen 
were attributable to die treatment method, 
the child's general development, the child's 
previous instruction, the concurrent instruc­
tion 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 
a treatment mediod does or does not work 
effectively, one does not know if it is because 
of the characteristics of the method, the 
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characteristics of the teacher, or the charac­
teristics 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 time, 
many of die methodological problems 
described above have been addressed. These 
intervention 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-
leagues59"61 have shown that instruction in 
phonological awareness at the kinder­
garten level has significant positive effects 
on reading development during the first 
grade. Widiin 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 reading skills and for 
children whose lack of exposure to "lan­
guage rich" environments and language 
development activities during die first five 

Instruction in phonological awareness at the 
kindergai-ten 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 6 0 8 1 provided 84 low-income, 
inner-city children with 11 weeks of inten­
sive instruction, 20 minutes per day, widi 
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 Febmary 
and May of the first-grade year showed that 
the gains were maintained if the first-grade 
curriculum continued the same emphasis 
on phonological skill development. Similar 
studies of kinderganen and first-grade chil­

dren conducted bv odier researchers6--64 

have yielded similar results. 

Unfonunately, not all children with read­
ing disabilities have the benefit of appropri­
ate early interventions. As discussed earlier, 
most children whose reading disabilitv is not 
recognized until third grade or later and 
who receive standard interventions fail to 
show noticeable improvement. However, 
intensive instruction of appropriate dura­
tion provided by trained teachers can reme­
diate the deficient reading skills of manv 
children. For example, in one study, 
Alexander and her colleagues65 provided 65 
severely dyslexic children widi 65 hours of 
individual instruction in addition to group 
instruction in phonemic awareness and svn-
dietic and analytic skills. This intensive treat­
ment approach improved the reading skills 
of the children from an initial reading score 
of 77 to an average of 98.4 (mean = 100) on 
a measure of alphabetic reading skills. 
Longimdinal studies continue to demon­
strate the efficacy of intensive and informed 
multidimensional treatment programs.w'r,,", 

Several additional findings have emerged 
from diese longitudinal treatment studies. 
It is clear diat children with severe phono­
logical deficits, leading to poor decoding 
and word recognition skills, respond to 
treatment at slower rates dian youngsters 
with mild to moderate deficits.'H-67 In addi­
tion, instruction and interventions for read­
ing failure, which focus primarily on con­
text and reading comprehension widiout 
commensurate attention paid to phonolog­
ical awareness, decoding, and word recog­
nition, show limited results.67"69 Finally, the 
success of even the best-designed reading 
intervention program is highly dependent 

upon the training and skills of the 
teacher.22»-3ij8 

Disability in basic reading skills has been 
a prime 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
ventions 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, effective 
interventions for disability in basic reading 



skills will aJfecr die developmental course of 
other forms of learning disabilitv". 

Outcomes 
Learning disabilides, sometimes inappropri­
ately conceptualized as a "mild" disorder, 
may be anydiing but—diey may be persistent 
and may not respond to general instrucdon 
or to inappropriate (for example, whole lan­
guage) instrucdon. Unless identified early 
on and taught by expert teachers using 
detailed and intensive approaches empha­
sizing teaching both in phonologicaJ aware­
ness and phonics instrucdon, children who 
learn poorly in the third grade can be 
expected to leam poorly diroughout mid­
dle- and high-school grades. Unfonunately, 
the majority of children with learning dis­
abilides are still not identified until die diird 
or fourth grade and do not receive appro­
priate and timely reading instruction. In 
mm, diose students widi learning disabilities 
who graduate from high school are destined 
for few postschool opportunities. The 
minority of children widi LD who received 
appropriate early intervention have not 
been idcnulied for long-term follow-up so 
dieir long-term outcomes arc speculative, 
but there is reason for optimism in dieir sig­
nificandy improved short-term outcomes. 

Ai present, the long-temi outcomes for 
the majority of individuals with learning 
disabilities who did not receive appropriate 
earlv reading insiniction are irequentlv 
bleak. It is known from the epidemiological 
dam cited earlier dial 75% of die children 
with disabilides in reading who are not 
identified until the diird grade continue to 
have reading disabilities in the ninth 
grade.2'1 In a recent review, Martin 7 0 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 learning disabilities exit 
school for "unknown" reasons without a 
diploma. Equally disturbing, Fairweather 
and Shaver71 found diat only 17.1% of .the 
individuals widi learning disabilities whom 
diey followed for three to five years after 
high school were enrolled in any postsec-
ondary course, including vocational cours­
es. Only 6.7% of die students widi learning 
disabilities participated in two-year higher 
education programs, and only 1.8% partic­
ipated in four-year programs. 

While these data suggest that individuals 
with learning disabilities do not markedlv 
improve their academic skills (particularlv 
reading skills) and face limited educational 
and vocational opponunities. it should not 
be concluded diat individuals widi LD 
cannot be taught. They can. but. as stated 
throughout this paper, interventions are 
most likely to be successful if applied early 
and carried out by expen teachers. 

Conclusions 
Tlie past decade has witnessed a significant 
improvement in die quality of research on 
learning 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" disordei; 
may be anything but-they may be persistent 
and may not respond to general instructioti. 

of better predictors of different types of 
LD, dieir prevalence, tiicir developmental 
course, .and dieir response to inteivention. 
Specifically, 

D The definitional issues addressed in this 
article continue to be die single greatest 
impediment to understanding learning dis­
abilities and how to help children and adults 
with LD. 

a Maintaining die term "learning disabili­
ties" makes litde sense for scientific purposes, 
clinical purposes, or school policy purposes. 
Instead, die field must grapple widi die clear 
need to address each type of learning dis­
ability individually to arrive at clear defini­
tional staiemenis and a coherent under-
standing of etiology, developmental course, 
identification, prevention, and treatment 

a Reading disability in die form of deficits 
in phonological awareness is the most preva­
lent type of learning disability and affects 
approximately 17% of school-age children 
to some degree. 

a While odier factors will, no doubt, be 
identified as contributing to reading disabil­
ity, 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 kinderganen and first 
grade using inexpensive, straightforward 
tesung 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 at-risk for reading failure, 
and some of the instructional conditions 
that must be in place from the beginning of 
formal schooling are understood, it is still 
true that the majority of LD children are not 
identified until the third grade. Therefore, 
policy initiatives should focus on the dissem­
ination of existing early identification and 
early intervention programs. 

a Interventions for reading disability must 
consist of explicit instructional procedures 
in phonological awareness, sound-symbol 
relationships, and meaning and reading 
comprehension, and should be provided by 
expert teachers in the kinderganen and 
first-grade years. 

• In general, teachers remain seriously 
unprepared to address individual differ­
ences in many academic skills but par ticular­

ly in reading. However, teacheis cannot be 
expected to know what thev have not been 
taught, and clearly colleges of education 
have let students down. Regrettably being 
unprepared takes a toll on teachers. Many-
teachers worty about their failures widi hard-
to-teach smdents. become frustrated, lose 
confidence, and leave die profession, or dis­
continue attempting to teach children widi 
special needs. This cycle of events calls for 
honest and aggressive refonn in higher edu­
cation. 

n While early intervention is necessary, it 
should not be assumed to be sufficient to 
address the multiple manifestations of learn­
ing disability. Even diose students who 
receive appropriate phonological instruc­
tion at a young age may require continuous 
and intensive support to deal widi odier co-
occurring disorders. 

n When policymakeis consider "inclusion-
ary" models of instniction, diey must consid­
er carefully whether diose models can pro­
vide die critical elements of intensitvand die 
appropriate duration of instniction, along 
with teacher expertise in multiple teaching 
methods and in accommodating individual 
learning differences. 
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The Yale Research Group 
The principal invesugator for the Yale Learning Disability Research 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 06510. The Yale Group also 
consists of Drs. Sally Shaywitz, John Gore, Pawel Skudlarski, Robert Fulbright, Todd 
Constable, Richard Broncn, and Cheryl Lacadie from Yale Univeisity; Drs. AJvin Uberman, 
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Kenneth Pugh. DonaJd Shankweiler, Carol Fowler, .Anne Fowler, and Leonard Kau from the 
Haskins Laboratories; Drs. Jack Fletcher and Karla Steubing from die University- of Texas 
Medical School; Drs. David Francis and Barbara Foorman from die University- of Hoosion; 
Dr. Dorodiy .Aram from Emerson College; Dr. Benita Blachman from Syracuse University; 
Drs. Keith Stanovich and Linda Siegel from the Ontario Institute for Studies in Education; 
Dr. Rafael KJoonnan from die University of Rochester; and Dr. Irwen Kirsch from the 
Educauonal Tesung Service. 

The Ontario Research Group 
Drs. Keith Stanovich and Linda Siegel are professors of psychology and special educauon at 
the Ontario Insutute for Studies in Educauon (OISE), Department of Special Educauon, 
Toronto, Ontario, Canada M5S 1V6 Canada. They are affiliated with die Yale University-
Learning Disability Researcli Center funded by the NICHD, as well as senior level scientist at 
OISE where funding is obtained primarily dirough the Canadian Research Council. 

The University of Colorado Research Group 
The principal invesugator for die University of Colorado Learning Disabilitv Research Center is 
Dr. John DeFries, profeSSor and director of the Institute for Behavioral Geneucs. die University 
of Colorado, Gimpus Box 447, Boulder, CO 80309^)447. The Colorado research team consists 
of Drs. Richard Olson, Barbara Wise, David Fulkc'r, and Helen Forsberg from the Univ ersity of 
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Filipck f rom the University of California. Irvine; and Drs. David Kennedy and Albert Cainburda 
from Harvard University. 

Tlie Bowman Gray School of Medicine Research Group 
The principal invesbgaior for die Cenier for Neurobchavioral Studies of Learning Disorders is 
Dr. Frank Wood, professor of neurology and neuropsychology, Bowman Gray School of 
Medicine, 300 S. Hawthorne Road, Winston-Salem, NC 27103. Also from die Center are Drs. 
Rebecca Felton, Cccille Nav lor, Mary McFarlane.John Keyes, Mark Espeland, Dale Dagenbach. 
and John Abshcr from the Bowman Gray School of Medicine; Dr. Raquel Gur from die 
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from die State University of New York at Stoney Brook. 

Tlie Johns Hopkins Researcli Group 
The principal invesugator for die Johns Hopkins Learning Disability Research Center is Dr. 
Martha Dcnckla. professor of neurology, pediatrics, and psychiatry, Johns Hopkins University 
School of Medicine, 707 North Broadway, Suite 501, Balumore, MD 21205. Tlie Hopkins 
research team consists otDrs. Allan Reiss, Harvey Singer. Linda Sclnierholz, Lisa Frctmd. 
Michelle Mazzocco, and Mark Reader from the Kennedy-Krieger Research Insutute at Johns 
Hopkins; Drs. Frank Velluuno and Donna Scanlon at die State University of New York at 
Albany; Dr. Mark Appelbaum from Vanclerbilt University; and Dr. Gary Chase from Gcoigetown 
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The Florida State University Research Group 

The principal invesdgator of the Florida State University Learning Disabilides Intervendon 
Project is Dr. Joseph Torgesen, professor of psychology, Florida State University, Tallahassee, FL 
33124-2040. Members of the Florida Suite Research Group are Drs. Richard Wagner and Carol 
Rashotte from Florida State University; Drs. Ann Alexander and Kytja Voeller from die 
University of Florida, and Ms. Patricia Lindamood from Lindamood-Bell Learning Processes. 

The University of Houston Researcli Group 
The principal investigator for the University of Houston Learning Disabilides Intcrvenuon 
Project is Dr. Barbara Foorman, professor of educational 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 Hetcher and Karla Steubing from 
the University of Texas Medical School; and Drs. Bennett and Sally Shaywitz from Yale 
University. 

The University of Miami Resean^Group 

The principal invesugatorl^r the University of Miami Learning Disabilides Program Project is 
Dr. Herbert Lubs, professor of pediatrics and genetics, Univeisity 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 
Gross-Glenn, all from die University of Miami. 
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Contributions From Scientists Supported 
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G. Reid Lyon, PhD 

Leirrir.g i^abihces encompass a vride range of disorders tn lis-
•tening. speaking, reading, w.T;cng, and mathemadcs that are fre­
quently accompanied by comorbid deficits in attention and 
sociaJ behavior. Current estimates indicate that children with 
learning disabilities compose between 10% and ISH of the 
school-aged population and represent over half of the children 
who receive special education services in the United States.1 

Despite this frequency of occurrence, learning disabilities 
remain one of the leas: understood ye: most disabling array of 
condinons that aifec: both children and adults. This is unfomj-
nate because learning disabilities are e.-axetnely deleterious to 
the development of children in general, and die neganve effects 
of learning disabilities go well beyond school failure. For exam­
ple, poor peer relationships, dectuoents in self-concept, poor 
pas-LSchooI adjussnent. and limited placed occupanonal oppor-
cunioes are some of the known outcomes of learning disabilities. 
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A number of influences have contributed to persistent diffi­
culties in diagnosing and treating learning disabilities. In fact, 
undl research programs supported by the National Insnmte of 
Child Health and Human Development and the Natural Sciences 
and Engineering Council of Canada to study learning disabilities 
began to lead to major discoveries during the past decade, the 
consensus of thought in the biologic and behavioral sciences was 
that the field of learning disabilities lacked scientific validity and 
clinical utility." To better understand the difficulties that have 
plagued the learning disabilities field and the National Institute 
of Child Health and Human Development's programmatic 
response to alleviare them, a brief review of both problems and 
progress in the field is presented in the following sections. An 
emphasis-will te placed on discussing the role of the National 
Insdcutes of Health in general, and the Nanonal Insutute of Child 
Health and Human Development in particular, in stimulanng and 
supporting systematic prospective longitudinal research to best 
understand how to classify, define, and treat learning disabilities. 
As mentioned above, additional reference will also be made to 
the outstanding work of Stanovich and Siege! in learning disabili­
ties and reading disorders ar the Ontario Institute for Studies in 
Education thai is supported by the Canadian govenunent.' Read­
ers should note that comprehensive sources on these topics have 
recendy been published.1-0 



IMPEDIMENTS TO SCIENTIFIC DEVELOPMENTS 

IN LEARNING DISABILITIES: A EISTOEICAL 

PEP.SPECTIVE 

HiMrlcaL'y. a r.-T-.ce: cf L-^uer.cts have ccr.-bu'.ed W d^f cJ-
in x-a=ie;a=.-.g sc:er.i£cally ir.e c c r ^ r . cf l e ^ - . g c^ i iu ; -

ues.1- Firs-, the field's ILiuiadons as a cIL-Jca! science can be 
r-^ued 10 ia trie.' tenure as a recogrized caiego.-.- of d^chii:-.-. 
Specif.caUy, leamL-.g disabilides as a federally desip-.aied ca'.e-
gcr/ cf handicap, has been Ln L-csience only since 19eS.4 Tr.us, 
were has not been erne lo collect and corsolidaie the rec-ssar.-
obser.-aaons under experjnenuJ conditions thai could lead to a 
ber.er undersunding of the chdcaJ diagnoscc rrjirkers and crea:-
rr.ent Luer.-enions that have a known probabibr.- of success. 

Second, many different theoretical ar.d conceprjaJ views 
zrz offered to explain lea_-ning disabilities, and these views 
cieariv re.lec: the multidisciplinary nau^e of Lhe he!d.: Learning 
d^abiiities are considered tjie legitimate concern of many disci­
plines and professions, including education, psychology, neurol-
og:--, neuropsychology', optometry, psychiatry, and speech and 
language paihoiogy, to name a few.' Each of these professions 
his focused on different aspects of Lhe child or adult with learn­
ing disabilities, so that there exist highly divergent ideas and, 
frecuently, contentious disagreements about the br-.po.-^nce of 
etiolog:/, diagnostic methods, intervention methods, ar.d profes­
sional roles and respor^ibilities. Unfortunately, from the per­
spective of developing a valid de^nition and classL'ication sys­
tem for learning cisahilities, such variation in views and beliefs 
results in differences in the numbers of children identified and 
their characterisucs. Ln r^rr., conducting research on sa.—pies of 
children with putative learning disabilities who vary v.-idesy in 
diagnostic and demographic characteristics provides little 
cpcc.-Tur.::;.- for the repUcacon and generr.'iraticr, cf f_".dings— 
the cornerstones of scientific inquiry. 

Third, many diagnostic and treament decisiens abcu: L-.di-
vicuais w-iti-, le2.Ti.ng cisabiiices have been based on technically 
t-.acecuar.e tests and measures. P.ecent comprehensive reviews' 
suggest tha: fewer than cne third of the psychome'_-.c tocis used 
in the diagnosis of learning disabilities meet criteria for ade­
quate noms, reliability, and validity. As irr.porzantly, the vaiid 
assessment of change over time, and change as a function of 
treatment, is very difficult to accomplish at present because few 
L-i~u.Tier.ts have Lhe scaling properties to sacsfy condizons for 
Lne measurement of individual growth curves.' 

Fourth and by far Lhe most significant and persistent prob­
lem impeding progress in Lhe field of learning disabilices has been 
the circuity in establishing a precise inclusionary defjiiccn and 
a Lheoretically based classification sv-stem Lhat provides (1) a 
framework for Lhe identification of different types of learning dis­
abilities and (2) a framework for recogni^ng distinctions and 
nterreiaeonships (comorbidities) between learning disabilices 
ar.d cLhsr learning disorders to indude ar^ntion deficit disorders, 
general academic underachievemenL mental retardation, and 
emc^cnaJ disrurbance. Tne precise charar.er^aticn of learrung 
cisatiilities has been hindered on Lhe one hand by associating 
learr^ng disaiiiities wiLh Lhe concept of aaccude-achievement dis­
crepancy and, on the other hand, by conducting 'single-shot* 
smdies on 'school-identified" or "clinic-referred* samples of chil­

dren. '-' Tne assumption ex. a discrepancy between acruevemer.'. 
ar.d apcnide (t>picaily assessed using intelligence tests) is a ciear 
cia—.cstic rrjirke.-'for leamLn^ disabilides or can. be consicerec a 
pa^hogn.omoric sign is a: ber. premarure, and a: wcrr. L-.-.-abi—: 

Such an. assumption is based on Lhe premise tha: Lntiivicuais whe 
display an IQ-achieveme.-.t disarepan.^ are u-.deed diflerer.: from 
L-.oviduals who do not witii respect to phenot>-pic variables such 
as Lnfomation-processLng chx-actcnstics and response to Lnter-
vencon, and genorypic features such as djJTerences in Lhe he.-.-
tahiiir.- of Lhe disorder cr its neurcphysioicpr signature. As wiU 
be pointed out later, a major Lhrust cf Lhe Nauonal Lnsdtu-.e of 
Child KealLh and Human Development's eflor-s m the smdy of 
learning disabilities has been to evaluate Lhe e.Ticacy of ctiscre^ 
ancy Ln defining learning disabilities by sys: e mac call y compa.nng 
'discrepant* versus "nondiscrepan'." low-achieving children cn 
boLh phenotjpic and genot>pic variables.7 

Tne study of individuals identified a priori as learning dis­
abled by school or clinic criteria within Lhe context of single 
investigations or cross-sectional designs has also sigruficandy 
hampered efforts to develop a valid definiiior, and classification 
system for learning disabilities. It has been pointed out many 
times Lha: schools and chnics lack consistency in the way in 
which learning disabilities are diagnosed. A child can literally be 
"cured" of a learning disability simply by moving across sate 
boundaries or by changing schools within the same commu-
nity.'- Such variability in sample characteristics prohibits repli­
cation and generalization of findings—a severe impediment to 
Lhe development of any clinical science. Moreover, "single-shot" 
Investigations that compare children achieving normally with 
children with learning disabilities on one or more dependent 
variables of interest at one point in lime ignores the develop­
mental nature of learning and change over time, and how such 
change interacts with i:'.: >iv.iaiion processing characterisucs, 
teacher characteristics, different interentions. and classroom 
climates. As such, limited information is available on the devel­
opmental course of learning disabilities and how children may 
display different characteristics at different points in time. 

The foregoing brief review provides the rationale for the 
development of Lhe National Inrurute of Child Health and Human 
Development research programs in learning disabilities. Before 
Lhe Initiation of thr P" 'Crams, much of our research-based think­
ing about learning .-.::• iibiUiics w n predicated on information 
obtained from ambiguously defineri school-identified samples of 
children who were administered technically inadequate tests. 
Frequentiy, Lhe research problem was further confounded by the 
tendency to interpret these test dan in the context of invalid the­
oretical and conceptual frameworks. Finally, the majority of 
studies carried out with individuals with learning disabilities 
were not informed by a longitudinal, developmental perspective. 
It has been wirhm this coniext of scientific need that the 
National lnst:^":•' nf Child Hcaitli aj-.d Human Development has 
systemaccaUy developed a portfolio of individual research initia-
nves, program projccis. and learning disability research centers 
to define and classify learning disabiEties and to obtain new 
knowledge related to etiologies, developmental tryectories, and 
Interventions for learning disabilities. The next sections of this 
paper provide a rrvie* and analysis of the m^jor findings of the 
research supported by the National Institute of Child Health and 



y.-^rjL- Deveicprr.e.-.ti a." «>« ice.-.=.V_-.g adci;=c.-jL' 

hjr^rt res«i.-ch needsi-.d cti.-ec=ori. 

TEE EOLE O f TEE NATION AX INSTITUTE Or 
CHILD EEALTE AND EU.UA-N DEVELOPMENT IN 
TEE PLANNING AND CONDUCT OF EESEARCE IN 
LEARNING DISABILITIES 

Ey way of back&rour.d, lhe Health F.esear;:-. Exier^icn Ac: cf 

I5S5 (?L S9-lsc) nar-.daied Lfc.e erabUshmer.t of ar. L-.terager.cy 

Com_Tjr.ee on Ua.-ri.ig Disabices for Lhe e.fpress purpose of 

addressing Lhe persistent problems in idenaf>-irg a \-aiid ciassifi-

cation system and a definition for learning disabilities. More 

specifically, Lhe Lnteragency Comminee on learning, disabibiies 

was charged with the task of reviewing and assessing federal 

research priorities, activities, and findings regarding learning 

disabilities. Tne National Institute of Child Health and Human 

Development was designated the lead agency for this congres­

sional initiative. With respect to legislative and administrative 

action, Lhe Interagency Comminee on Learning Disabilities was 

required to malce recommendations lo increase the effective­

ness of research on learning disabilities and to improve the dis­

semination of findings, and to prioritize research effons Ln Lhe 

causes, diagnosis, treanne.nt, and prevention of learning disabili­

ties. After a comprehensive review of extant data and informa­

tion related to the study of learning disabilities,' the Interagency 

Comminee on Learning Disabilines concluded that 

collaborative, integrated, and coordinated muliidisciplinary 
approaches lo research questions, such as could be under-
ti>.er. cr. urjversicy cx-npuses ir. large prognm projects and in 
speciii-ed research centers of excellence, would be Uie tr-.cst 
appropriate way to increase the effectivene's of this 
research.... A major goal of Uus research should be Lie deve:-
cpmer.: cf a ciassi.lcauon s:.s:e.-n Lha: more clearly defines 
ar.d diagnoses learning disabilities, conduc: disorder:, and 
ar.er.zor. deSc:: disorders, ar.d the:.- mterreiacoas.'-jps. Such 
ir-'omiaor. is prerequisite to Lhe delineation of homogeneous 
subgroups ar.d Lhe delineation of more precise and reliable 
s-_-̂ ;eg:e« fcr treaimer.u remediauon, and prevention U-.ai will 
L-.c.-ease the eKecsveness of both research and therapy.' 

WiLhin Lhis conte.r., the National Lnsti^ite of Child KealLh 

and Human Development proceeded to develop requests for 

applications for program projects in 19S5,3 learning disability 

research centers in 19S7,' and treacnent/'mter/ention research 

projects Ln 1993. By way of background, Lhe program project 

research award is a National Institutes of Health funding mecha­

nism Lhat can support at least three discrete, yet closely related 

and synergistic, projects. The learning disability research cen­

ters are funded via specialized research center grants that pro­

vide support for both the synergistic research projects and sup-

ponr.g core ser.ice projects. This type of mechanism is used to 

s—T.uiate research Ln a given field by encouraging collaborative, 

interdisciplinary research. 

In response to the prognm project request for applications, 

five prognLm projects were awarded by the Nanonal Institute of 

Child Health ar.d Human DeveiopmenL Tne recipients were John 

DeFries and his research group at the University of Colorado, 

rraruk Wood ar.d fus team at the Bowman Gray School of Medi­

cine. Herbert Lubs and his colleagues at the University of Miami, 

Eerxer. Shaywic: and his coilabcmicrs a; Yaie University ar.d t-.e 

University of Houston (let! by Jack Fie'.cher). ar.d Aiberr Gala 

turtia and his grcup a: BeLh Israel Hospital and har.-arti Univer­

sity. Ln response to the learning disabilry research center requer. 

fcr applicarcrs, three centers were estabisr.ed, cne a; Jch--s Hep-

kins University under Lhe leadership of Mar-ha Denckla. ancLher a; 

Yale Urjverrir.- (also (Erected by Shayn-is). ar.d cne a; L:rj\ers:r. 

cf Colorado (also di'ec-^d by Derr.es;. Ln response lo Lhe trca:-

mentAnterve.ntion research request fcr applications, one re<-ea.-ch 

program was established a: Florida State University under Lie 

direction of Joseph Torgesen ar.d one a: Lhe University of Hcur.cn 

led by Barbara Foorman. Tnese longirudLna! Lnter.encon smdies 

are in the beginning phases and daaa are net yet available. 

A brief overview of the major goals and objectives of Lhe 

National institute of Child Health and Human Development pro­

gram projects an£ learning disability research centers is pro 

\ided in the following sections. Individual program projects 

(Bowman Gray, Miami, ar.d Beth Israei-riar.-ard) wil! be summa­

rized first, followed by a review of Lhe research programs Lha: 

have been awarded a learning disability research center (Johns 

Hopkins) and both a program project ar.d a learning disabQir.' 

research center (Colorado and Yale). Tnis overview will be fol­

lowed by brief sections that provide a synthesis of the m^jor dis­

coveries made by the research programs in targeted areas of 

inquiry (ie, classification/definition, reading and language 

related processes, attention, genetics, neurophysiology/neu-

roimaging, and treatment/intervention). Readers should note 

Lha: 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, cxn be found in Duane 

and Gray,3 Lyon et al,1 Fletcher et al, : and Lyon.' 

THE NATIONAL INSTITUTE OF CHILD HEALTH 

AND HUIVLAN DEVELOPMENT RESEARCH PROGRAMS 

IN LEARNING DISABILITIES 

Program Projects 

Tne Eo-amcn Gray Program Frvjec: is designed to study child­

hood reading disability, with an eye toward developing a defini­

tion and subtyping system for dyslexia.* Within this context, 

research smdies have been, and continue to be, conducted to (1) 

identify an appropriate combination of measures in the first 

gmde Lhai can define dyslexia and predic: reading performance 

throughout the later grades; (2) determine whether attention 

deficit disorder has an independent impac: on reading develop­

ment and disorders; (3) develop the most powerful combination 

of linguistic (eg, phonologic and naming) tasks thai can be used 

to char: 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; (5) study reg:onai 

cerebral blood flow and positron-emission tomographic activa­

tion signatures thai are correlated with specific linguistic and 

cognitive parameters in a unique sample of adult dyslexics. first 

seen as children by June Orton, the wife of Samuel Torrey 

Orton, a noted pioneer in the study of dyslexia,- and (6) exter­

nally validate distinctions between dyslexia and artention deSdt 

d^order using event-related potential elecrophysiology. 



Tne Univtrsiiy cf M i s n i F r z ^ . Przjez: has csrr.pietec 
t r r . 5 years of inves-Jgasons to ider.tif/ innerited subo-pes of 

specific c>-siex:a via both belwioreJ gene=c sr^dies and gene-jc 
UrJ-JLg- arois-ses. and to funhe.- ch5.-acieh2e Lnese subtypes by 
psychopr.ysicaJ, beha-.ncraJ, and ne-j.-oimagi.-.g studies. Mere 
srecLTxaiiy. Lubs and his group have ane.-r.pted to define Lhe 
chrcrnosoma] location of the several genes Lha: produce autoso 
rr^J dorrurjLTjy inherited dysiexia. Project goals were addressed 
Lhrough scientific experiments in three major areas1: in Lhe firs: 
area, Lhe Miami group d^gned and conducted linkage studies 
to delineate the location of-chromosomes and chromosome 
bands of several genes thai could be specifically related to a dif­
ferent phenorypic expression of dyslexia. In Lhe second area cf 
investigation, psychophysical and neuropsychological tasks 
were administered to dyslexic subjects to delineate Ltformation' 
prccesstiig and cognitive profiles Lhat could be used to validate 
genetically different subtypes. In Lhe LhL-d area, magnetic reso 
nance imaging and positron-emission tomographic studies were 
carried out in an attempt to identify unique neurophysiologic 
signatures for dyslexic subtypes. 

Tne Eelh Ismel/h'arvaTd Frvgrcm Eroject has as a primary 
goal Lhe development of an understanding of the relationships 
berween subde abnormalities of brain development and specific 
childhood learning disabilities to include dyslexia. Tne ultimate 
goal of the research is to identify the causes of such neural 
anomalies and thus the neurobiologic causes of learning disabili­
ties ar.d dyslexia.5 Within this context, Galaburda and his col­
leagues have sought to develop an animal mode! of brain deve!-
opment Lha: provides a window on how cortical abnormalities 
occur during ontogenesis and how such abnormalities affect 
behavior. Major efforts have also been deployed to delineate Lhe 
cvtcarchitec:onic organization and Lhe chemoarchitectonics of 
Lhose brain regions implicated in developmental dyslexia. In 
addition, several inves:iga:ions are underway to specify 
Lmmunologic variables responsible for anatomic and behavioral 
ancmaiies Ln human and-animal brain. 

Tne Johns Hopkins teeming Disability Resezrch Cenier 
represents a multidisciplinary research effort designed to under­
stand the neurocevelopme.nta! bases of learning disabilities. 
Der.ckia and her associates pursue this complex research task 
Lhrough four major lines of research.4-' Ln one projecti the Johns 
Hopkins group is ar.empting to discover the causes of nonverbal 
learning disabilities via behavioral, neuropsychologicai, and neu-
roimag^ig studies of leamingndisabled individuals and individuals-
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 
inves^gate Lhe relationship of these deficits to specific cognitive, 
linguistic and neuropsychological proWems «bserved in learrung-
cLsabied individuals without fragUe X syndrome. A Lhi-d line of 
research is designed to investigate the relationship between 
Tourette syndrome and attention deficit disorder using both 
genetic and neuropsychological procedures. The fourth project is 
desigr.ed to develop assessment methods to difTerentia:e between 
hard-to-renediaie dyslexic children and children who respond to 
Lnter.-ention. Tnis project is also designed to identify the most 
powerful predictors of dyslexia and intervention approaches Lhat 
have a high probability of success wiLh disabled tsaders. 

Tne Ccicmia Frzgrzrr. Frcjezi has been compesed cf fcur 
Lnterrelated projects designed (1) ta assess Lhe genecc ezcicc-
cf reading disability, and, in particular, the he.-.tabiiry of phono 
logic and orthographic skills; (2) to identify Lhe speirific lan guar e 
and perceptual skills tha: are che cal for Lhe development cf Cu-
en: reading skills; (3) to determine wheLher readuig disabiir/ is 
ccrre'.ated wiuh deficiencies Ln Lhe Lmnur.olcgic sj-stem^ ar.d (-i) 
to conduct genetic linlage analyses to localize. L' possible, spe­
cific genes Lmplicated Ln Lhe expression of reading disa i i i ry . 0 3 

With the Colorado Learning Discbiiiiy Resezrch Centc, 
Der ties and his group extend Lhe research carried ou: Ln Lhe Pro 
gram Project by increasing sample sizes and developing creative 
behavioral genetic analytic methodologies to assess Lhe geneec 
and environmental etiologies of deficient component phonologic, 
orthographic, reading skills In reading disabiity. WiLhin Cis con­
text, genetic linkage analysis is being employed to search for 
major genes and quantitative trait loci Lhat influence learning cii-
abilities. Ln addition, a treatment/intervention project is being 
conducted wiuh 100 nvin pai-s of disabled readers in an effort to 
discover reading subrype'dimension by treatment interactions. 

Tne YcLe Universiiy Progmrn Project is designed to address 
major questions related to the definition, etiology, developmental 
course, and biologic/neurophysiologic bases for dyslexia.0-5 Tne 
Yale studies are unique in tha: they are being carried out with the 
largest longitudinal cohort of reading-disabled children in North 
America. As such, Shaywitz and his associates are continuing to 
obtain major findings that are not biased by the vagaries of 
studying school-identified or clinic-referred samples. In Project 1 
of the Program Project, the longitudinal cohort is studied to iden­
tify (1) whether distinct subtypes of dyslexia exist; (2) wheLher 
subtypes are stable over time; (3) whether dyslexia constitutes a 
developmental lag versus a fixed deficit in reading, neurolinguis-
tic, and cognitive skills; (4) whether deficits in single-word read­
ing are attributable to a combination of deficits in phonologic 
and orthographic processes; and (5) wheLher positive or negative 
outcomes of dyslexia are associated wiLh sociodemographic fac­
tors, the nature and severity of the reading disability, comorbid­
ity, and self-esteem. 

In Projec: 2, a 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
mine how particular early language impairments relate to the 
emergence of different types of reading disability. In Project 3, 
dyslexic, mathematics-disabled, and nondisabled boys and girls • 
are followed and studied as they pass through puberty in order 
to assess the effects of specific endocrinologic influences on 
reading, cognitive, and neurolinguistic skills. Finally, in Project 4 
of the Program Projec, 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, phonologic awareness, orthographic 
decision making, and phonologic decision-making skills. 

The YaU University Learning Disability Research Center 
has been charged with the complex task of developing a compre­
hensive classification system for the range of common disorders 
that can influence school performance. A major focus of the Cen­
ter is the development of a classification system for children with 



ar.e.-.ccr. ar.d cppcsi-jcrjti/cor.duc: disorders V.-.LI ar.d w-i'J-.cui 
learrJng dlsabUiLies. L'.'addiuon. cne large projec: v.-iLMn Lhe 
Center is tasked wiLh Lhe continued in-depLh epidenuclogic srjdy 
cf 4!-! reading-disabled children, now entering Lhe nirLh grade, 
v.;-.o were originally identilied during lenders an en. Tnis ongoing 
L-.vestigaticr. ccr.tin.ucs lo prc-hde da-_a rele-.-ar.: to Lhe s La bill ~.-

• and generaliaabii;-.- cf learning disability subr.-pes over time. 

MAJOR FINDINGS AND CONCLUSIONS 

A number of independent and replicated discoveries relevant to 
learning disabilines Ln general, and dyslexia in particular, have 
been obtained through the research effons at eaah of the 
National Institute of Child Health and Humxn Development's 
program, projects and learning disability research centers, as 
weU as Lhrough Lhe Stanovich and Siegel research programs at 
the Ontano Institute for Studies in Education funded by the 
Canadian government. It should be noted here Lhat the Ontario 
group is collaborating with the Yale Learning Disabilities 
P.esearch Center in selected studies of reading disabilities. 
Selected important discoveries are highlighted in Table 1 and 
described according to major domains of study, major findLngs 
obtained, and the group of scientists responsible for the 
research. P.eferences are provided for each of the major fu-.d-
ings. However, due to Umitations 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, 
an analysis of other important discoveries, and citations for the 
specific fundings repor.ed Ln Table 1. 

As can be seen Ln Table 1, a number of major discoveries 
have been made, particularly in reference to the epidemiology of 
dyslexia and the identification of the core linguistic deficits 
ccser.-ec in dyslexia. In turn, these findings have led to Lhe 
development of tasks and measures that can be used with 
preschool and f-rst-grade children to predic: Lhe onse: of read­
ing d:sabi!i::es during Lhe primary grades, Table 1 further 
L-.dicates, if Lhe prediction leads to early inrervennon before Lhe 
third grade, the learning-disabled child has a much greater 
chance of developing appropriate reading sltilis. If reading-dis­
abled children are not identified until the third grade or beyond, 
Lhe majority (75H) will continue to manifest reading deficits 
Lhroughout their school and adult years. 

Exciting new developments in neuroimaging and genetics 
are presented in Table 1 and clearly reinforce the hypothesis 
Lhat reading and other learning disabilities have a biologic basis. 
However, ongoing treatment/intervention studies demonstrate 
Lhat learning-disabled children can improve their language, read­
ing, and written language abilities if the appropriate teachLng 
methodology is employed. 

FUTURE RESEARCH DIRECTIONS I N 
LEARNING DISABILITIES 

Ln addition to the research initiatives and programs described 
above, Lhe National Institute of Child Health and Human Devel­
opment is developing and expanding programs and plans in the 
area of treacnent/intervention for learning-disabled children and 
in the area of cognitive neuroscience and neuroimaging. Each of 
Lhese areas of inquiry are described briefly. 

TreAcaent/lntervennon 
P.evie*.- of the Uteranjre ntlaied to rtadmg disatiiLoes and ccner 
learning disabilities indicaies Lhat no single trezmenfinter.er.acr 
approach cr metiiod is likely to yield clnicaUy sigriScanL Icr.g-
term, Lherap^utic gains w-.Lh children drgnosed with lex-rung cL> 
abilities.'- Unfcrrunaieiy, lo dale, there exists scan: scientific sup­
per, for Lhe use cf pamculx' Lnterventicns c: ccmbuna-.xns cf 
Lnter.-entions witii different types of lexming disabilioes. E-̂ cause 
cf Lhis, the National Lnstiruie cf Child Heaiih xnd Humx-. Develop­
ment has recently bunched a majcr resex-rh e.fcr. to de:ermx-.e 
which treatment methods or combLnations of meLhods. provided 
Ln which setting, have the most effective impact on well-defined 

.domains of child fur.ctiorir.g. for how long, ar.d fcr what reasons 
' Within Lhis contexi two highly controlled xnd we'J-designed longi­

tudinal prospejrive intervention studies with lexming-disabied 
chiidren are now being supponed a: Lhe Florida State Uriversirv 
under the direction of Joseph Torgesen and a: Lhe University of 
Houston under the direction of-Barbara Focrmar- Additional trea;-
menfrntervention initiatives are being plxnned a: this ume. 

Cognitive Neuroscience and NeuroLmapng 

There exists a critical need to understand how Lhe humxn brain 

is organized for complex behaviors xnd to know more specLI-

cally how the child with learning disabilities xnd Lhe nonnal 

leamer differ with respect to central ner.-ous system function­

ing. In addition, it is important for us to understand how such 

physiologic and neuroanatomic differences are related to 

indices of heritability and environmental influences. Our ability 

to assess brain-behavior relationships in an accurate, yet nonin­

vasive, manner is improving signifiexntiy as w-e begin to employ 

dramatic new advances in neuroimaging technology. For 

Lnstance, the Shaywitz group a: Yale is moving forward with Lhe 

application of functional magnetic resonance imaging studies 

wiLh reading-disabled and normal children. Ln addition, Allen 

F.eiss and his colleagues at Johns Hopkins x-e designing imaging 

software that will allow different sites to compare neuroimaging 

data and determine how best to register funcnonal brain infor­

mation with structural brain information- Tnese projects, as well 

as initiatives being planned, should serve to provide the empiri­

cal foundation necessary not only f£ understand the limits of 

Individual variability in brain structure xnd function but to iden­

tify the neurobiologic underpinnings of learning disabilities. 

SUMMARY 

The National Institute of Child Health and Human Development 

has been, and will continue to be, responsive to the critical 

research needs in learning disabilities and related disorders. As an 

index of the heightened research activity in this arena, consider 

that National Institute of Child Health and Human Development's 

support for projeos related to learning ar.d language disabilines 

has increased from 1.75 million dollars in 1975 to over 15 million 

dollars in 1993—a cumulative total of approxunareiy 80 million 

dollars. Given the significant discoveries made by the program 

projects, learning disability research centers, and individual 

research grants supported through these inc-eases, the money 

clearly has been well spenL Within the past 10 years, National 

Institute of Child Health and Human Development research pro­

grams have identified the nuyor cognitive mechanisms underlying 
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Defmincn cf 

disabilities 

' read ing and 
larguage-re la ie: 
processes 

Ar.enticn 

Generic; 

Neuroanatomy, 
neurochysiolcgy, 
neuroimaging 

Intervention 

A defmi t icn must t e Cevelosed wi th in a lor.gi-.udir.al cevelc?men:al 
. pe rscemve unbiased t y a priori assumn'.iens refier.ed in current 

def in i t ions. 
Exclusionary def ini t ions using discrepancy criteria appear inval id. 

part icularly in the area cf basic reading sk i l l s . ' - " 
Reading disabil i t ies at ter : at leas: 10 mi l l ion children in tne United S t a t e s . v , ' . 
Epidemiologic studies indicate as many (err.ales as males manifest dyslexia. 

however, schools ident i fy four times as many toys as g i r l s . 5 - ' ^ " 

Reading disabil i t ies reflect a persistent deficit rather than a developmental lag. 
Longi tudinal studies show that of tnose children who are reading disabled in 
the th i rd grade, approximate ly 74% remain disabled in the ninth g r a d e . V A ' ' " 1 

Dist inguishing berween disabled readers w i th and without an IQ-achievement 
discrepancy appears inva l iCCh i ld ren wi th and without discrepancies shew 
similar in format icn processing, genetic, add neurophysiologic profi les. I- 3 " 

Children w i th reading disabi l i ty differ f rom one another and (rem other readers 
along a cont inuous dist r ibut ion. Tney do nor aggregate together to form a 
distinct " h u m p " separate from the normal d is t r ibu t ion . ' " 1 1 . 
r 

The abil i ty to read and comprehend depends on rapid and automatic recognit ion 
and decoding of single words. Slow and inaccurate decoding are the best 
predictors of deficits in reading comprehension. ' - 3 ' J 7 " 

The abil i ty to decode single words accurately and fluently is dependent on the 
abil i ty to segment words and syllables into phonemes. Deficits in phonologic 
awareness reflect the core deficit in dys lex ia. ' - 7 ' : 

The best predictor of reading ability f rom kindergarten and first-grade 
performance is phoneme segmentat ion abi l i ty. ' 

A precise classif ication of disorders of artention is not yet available. 
A classif ication methodo logy that assesses internal and external validity of 
d imensional and categorical models must be applied to this issue. 

Disorders of artention and reading disabil ity often coexist, but the two disorders 
are distinct and separable. '• 5 ' ' 

Disorders of attention occur more frequently and exacerbate the severity and 
cognit ive morbid i ty of reading disabilit ies. Because disorders of attention 
and reading disabil it ies often co-occur, more males are typically identif ied 
as reading disabled, spuriously inflating the sex ratio in favor of males. 

A mult ip le regression procedure has been deveicced lhat allows for tne 
analysis of tne genetic et iology of individual differences in component 
language and reading slcills. Tnis methodology can assess differential genetic 
and environmental.effects. ' - 5 

There is strong evidence for genetic etiology of reading disabilities, wi th deficits 
in phonologic awareness refiec:ing the greatest degree Of her i tab i l i ty . " - ' 3 

There appears to be at leas: one type of reading disability that can be linked to 
the HLA region of chromosome 6, reflecting a possible association with 
au to immune disorders. ' • , 3 

Several types of brain pathology, including micrcdysgenesis lectopias). cell loss, 
and abnormali t ies of the corpus cal losum are present in a number of strains 
of mice. There is a simi lar i ty between the brain lesions seen in the mouse 
model and in humans w i th dys lex ia . " 

At the microscopic level, atypical neural crgani :a t icn in dyslexic individuals is 
suggested by absence of the normal leh-greater-than-right asymmetry in the 
region of the posterior temporal p l a n u m . " 

The phenotypic expression in dyslexia is related to anomalous organization 

of tissue and process ing sys:ems-*ub»«rved w n h m r h e posterior left 
hemisphere." 

Regional b leed studies indicate that deficiency in word recognition skills is 
associated wi th less-than-normal activation in the left temporal r e g i o n . " 

PET studies indicate thai dyslexic adults have greater-than-normal activation 
in the occipital and prefrontal regions of the c o r . e x . " 

Disabled readers do not readi ly acquire the alphabetic code due to deficits in 
phonologic processing. Thus, disabled readers must be provided highly 
structured programs that explicit ly teach application of phonologic rules 
to p r i n t . " 

Longitudinal data indicate that systematic phonics instruction results in more 
favorable outcomes for disabled readers than aoes a csntexx-emphasis 
(whole-language) a p p r o a c h . " 
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d:.-sle>oa zr.i ctiier iex-ring disabilices and how the aisetsment cf 

these nechaniETrj can help to predict the onset, developmental 

course, and outcomes of such d^orders. Moreover, scientists sup^ 

por.ed by the National Institute of Child Health and Human 

Development have contributed substantially to an understanding 

_ cf how genes, Lhe brain, and the environment interact to produce 

individual variations Ln learning. Given this knowledge, we are 

hopeful that the newly funded L reaimeni/imervention projects 

will provide guidance wiLh respect to ameliorating Lhe devastating 

effects of leamLng disaiJilities cn both children and adults. 
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Research on the nature of reading and spelling disability (dyslexia) indicates unequivocally 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. Simultaneously, intervention research clearly demonstrates that 
individuals who are taught language structure explicitly progress more readily than those who are not. Given the 
consistency of research findings, the paucity of teachers skilled in teaching language cxpIicitj.T'To dyslexic chil­
dren is of more concern than ever. Surveys of teacher knowledge, reviews of the litcrarjre on teacher education, 
and policy statements indicate that many leachers are underprcparcd lo leach language content and processes to 
children whose learning problems are language based. Even motivated and experienced teachers typically un­
derstand too little about spoken and written language structure io te able to provide sufficient instruction in these 
aroas. A new approach to teacher educaiion is needed that emphasizes lhe importance of language knowledge for 
literacy instruction, as well as its skilled application to instructional planning. Key worts: dyslexia, kn^uu^r. 
literacy, teacher education 

Louisa Cook Moats, EdD 
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Putney, Vermont 

G. Reid Lyon, PhD 
Neuropsychologist and Director of 

Extramural Research Programs in 
Learning Disabilities. Language 
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National Institutes of Child Health and 
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National Institutes of Health 
Bethesda. Maryland 

AS EVIDENCE mounts that reading and 
I x . 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 dyslexic children, who need teach­
ing throughout the day 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 learning 
specialists can interpret and apply it. The 
common ground on which to build profes­
sional training across disciplines is knowl-
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edge of language siruciure and lhe prin­
ciples of language learning. Such knowl­
edge is critical to intervention with children 
and adults with dyslexia. 

DYSLEXIA IS A DISORDER OF 
LANGUAGE 

The community of reading researchers 
has reached consensus that most reading 
and spelling disabilities originate with a 
specific impairment of language processing, 
not with general visual perceptual deficits, 
inability to construct meaning from context, 
or other more general problems with atten­
tion or memory (Adams, 1990; Goswami &. 
Bryant. 1990; Gough, Ehri, &: Treiman, 
1992; Stanovich &. Siegel, 1994; Velluiino, 
Scanlon. £: Tanzman, 1994). Dyslexic stu­
dents, those who constitute the large major­
ity of those identified as having learning 
disabilities (Lyon, 1995). are unable to pro­
cess efficient]} and accurately the phono­
logical building blocks of language and the 
units cf print that-represent them (Rack, 
Snowline. & Olson. 1992j. Although many 
of these with reading disabilities-demon­
strate varying degrees of deficit in semantic 
and syntactic processing (Gillon & Dodd, 
1995; Scarborough, 1990), most people 
with reading disability demonstrate a core 
deficit in phonological processing (Bryant 
.Si Bradley. 19S3; DeFries, Olson, 
Pennington. <L Smith, 1991; Ehri, 1993; 
Felton &. Wood. 19S9; Goswami &. Bryant. 
1990; Liberman & Shankweiler, 1985; 
Shaywitz. Fletcher. &. Shaywitz. 1995; 
Stanovich .&. Siegel. 1994; Wagner & 
Torgesen, 19S7; Vellutino et al., 1994). 

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

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 bo.\T'). 
phoneme identification (e.g., "What is the 
last sound in cabT'), phoneme matching 
(e.g., identifying words that end with the 
same sound), phoneme reversal (e.g.. say 
funny backwards), and phoneme deletion 
(e.g., "Say smack without the /m/".) Al­
though learning 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 
lhat are more or less represented by letters. 
Explicit awareness of speech sounds allows 
.ihe.iccurate 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 srnicnirc 

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-rmod+ate, un + teach+able, 
medieval). 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 oftfrn 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. Further, 
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
pete and competition, resign and resigna­
tion, define and definition. 

EFFECTIVE INSTRUCTION' 
TEACHES THE STRUCTURE OF 
LANGUAGE 

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

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. 199l;Tnich. 1994). 

A related key finding in reading research 
is the importance of code-emphasis instruc­
tion for students who do not automatically 
ieam 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 need-to 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.. see Adams & Bruck. 1993: 
Chall. 19S9; Liberman & Liberman. 1990: 
Mather. 1992: and Williams. 19S7. 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 rimes, and syllables and how they 
are represented in the writing system (i.e.. 
spelling-sound rules, syllable patterns). On­
sets and rimes are subsyllabic units interme­
diate between phonemes and syllables. The 
onset of a syllable is the initial consonant or 
consonant cluster, and the rime is the vowel 
plus any consonants that follow (e.g.. dr -
ink). See Treiman (1991) for the role of 
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these units in reading and spelling acquisi­
tion. As students are ready, effective in­
struction teaches the meaningful units (mor­
phemes) and their spelling patterns. These 
word-level skills in tum become part of a 
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 
spellings of liquids / I . ' 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 mijst first be able to recognize such 
specific linguistic problems before inter­
ventions can address such problems directly 
and systematically (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 hinguage. Un­
ambiguous presentation of information for 
the poor reader in tum requires the teacher to 
be familiar with phonology, phoneme-
grapheme correspondences, the organization 
of the spelling system and other levels of lan­

guage structure. Are we currently requiring 
teachers to have such a command of their 
language and how to teach it? Both indirect 
and direct evidence regarding teacher train­
ing suggests lhat 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 learning disabilities 
has been discussed elsewhere in general 
terms. Nolen, McCutchen, and Bern'inger 
(1990), for example, concluded after survey­
ing general teacher preparation in reading 
and writing instruction that program re­
quirements and state certification 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 speech and language pathol­
ogy, where a minimum of 40 lo 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 midwestem state sug­
gests the gaps that may exist between the 
content knowledge held by learning special­
ists and the language knowledge needed for 
teaching reading and writing (Kavale &. 
Reese. 1991). Although 739b acknowledged 
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that reading was the basic problem in most 
students categorized as learning disabled 
(LD), only 22?c attributed the core deficit to 
linguistic processing. Endorsements of 
vague terms for the underlying nature of 
reading/learning disability included prob­
lems with "information processing." "mem­
ory," "attention," and "faulty learning strat­
egies." Funher, teachers surveyed believed 
we should teach to strengths, not deficits, and 
that teachers should enhance learning 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 expens seem to 
reflect teachers' beliefs. Reynolds, Wang, 
and Walberg (1992) surveyed a broad field 
of over 100 "experts" in learning disabili­
ties, including university faculty, to deter­
mine by consensus the requisite knowledge 
and skills that should distinguish teachers of 
children with learning handicaps. The most 
imponant aspects of remedial teaching v al­
ued by the experts consulted included such 
procedural basics as time or. 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 certainly 
imponant 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 
leam-them were not designated as critical 
for teacher competence. It is thus easy to see 
why teachers may obtain ceniftcation with­
out acquiring knowledge of the luntruace 
content and processes critical to reading and 
spelling acquisition. 

Diffuse, nonspecific expectations for 
competency 

Encouraging this lack of content specific­
ity are the noncategorica! certification prac­
tices of more than half the states in the United 
States. Teachers take three-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 &L Mauser, 
1992). Admittedly, categorical training pro­
grams giving cenificaies in learning disabili­
ties and other handicaps have not been shown 
to benefit children 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. Cenificate programs 
in learning disabilities, and often in reading, 
usually do not require teachers to be versed in 
language structure or the way print corre­
sponds to speech. At present, motivated 
teachers are often left to obtain specific skills 
in teaching phonetics, phonics, 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
tional 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
guage development and language disorders, 
but not its specific relationships to reading. 
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spelling, and writing. Typically there is no 
designated level of competence ih knowl­
edge of oral and written language itself. Fur­
ther, the lists of competencies are so exten­
sive as to discourage intensive focus and 
study in depth (Anderson. Heiben. Scott. & 
Wilkinson. 19S5). The level of language 
knowledge necessary for teaching a person 
with language processing difficulties, how­
ever, exceeds what can be learned 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 
reveal a disconcening and somewhat em­
barrassing array of findings. For example, 
Lyon, Vaasen. and Toomey (1989) asked 
440 teachers (250 regular educators and 190 
special educators) in grades one through 
seven about the effectiveness of the training 
programs from which they graduated. 
Teachep responding to the survey repre­
sented three New England states, four 
midwestem states, and three southeastern 
states. In general, only 20% of regular edu­
cators and 10% of special educators fell 
they had had adequate content preparation 
in reading and reading instruction. In addi­
tion, only 2% of regular educators and 6% 
of special educators reponed that they were 
provided teaching experiences with diverse 
groups of leamers.during their training. Re­
gardless of the type of teaching experience 
provided during student teaching, only 16% 
of the regular educators and 20% of the spe­
cial educators reponed that they received 
systematic and frequent feedback regarding 
their instructional practices. 

Two additional findings provide some 
funher indication of why general and spe­

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

The discovery that leachers are rotuinely 
presented theories of learning and teaching 
in an isolated and decontextualized manner, 
rarely have lhe opponunity to observe and 
model master teachers in instructional set­
tings, and rarely receive direct and explicit 
feedback for their teaching practices vio­
lates every known principle of how people 
leam and generalize complex information. 
Unfortunately, it is unlikeU thai these 
trends in teacher preparation practices ui!i 
abate given the culture of mediocrity and in­
difference that exists in man;, colleges of 
education. 

Direct measures of language knowledge 

Another major impediment to teacher ef­
fectiveness is inadequate knowledge of the 
structure of language. Teacher knowledge 
of phonetics, phonology, morphology, 
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
tionship 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 lansuaae has been 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 was designed to teach this 
material, and by the conclusion of the class, 
most students had mastered it at a satisfac­
tory level. The test is presented in the box 
entitled "Informal Survey of Linguistic 
Knowledge." 

The 103 teachers surveyed were a diverse 
group, educated at a variety of colleges and 
graduate schools and experienced in class­
room leaching. They included—in approxi­
mately equal distribution—reading teach­
ers, classroom teachers, special education 
teachers, speech-language pathjaJogisis. 
classroom teaching assistants, and graduate 
students. The average length of time in 
teaching was five years, with a range of zero 
to 20 years of experience. Subjects reponed 
that they were, or were going to be. respon­
sible for teaching lansuaee. writins. or read­

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
ogy, such as inflection and derivation was 
foreign, as was the distinction between a 
compound and an affixed word form. 
Teachers were unaware of the difference 
between phonetics, phonology, and phon­
ics, and although they had heard of phono­
logical awareness, they themselves were 
typically unsure of the identity or number of 
component phonemes in words. Many sub­
jects were unsure of what was meant by the 
term speech sound or phoneme, as they be­
lieved that letters were equivalent io speech 
sounds. 

Phonic knowledge 

The term phonics refers to the predictable 
correspondences between phonemes (speech 
sounds) and graphemes (letters and letter 
combinaiions lhat represent speech sounds) 
in our written language. It does not refer to a 
particular teaching method. Knowledge of 
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Informal Survey of Linguistic Knowledge 

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

inflected verb 
compound noun . 
bound root 
derivational suffix 
scarecrow nameless terrible phonograph 

impeached tables weakly 

* Answers 
impeached 
scarecrow 
phonograph 
nameless 

2. For each word on the left, determine the number of syllables and the number of morphemes: 

salamander 
crocodile 
attached 
unbelievable 
finger 
pies 
gardener 
psychometrics 

Syllables 
4 
3 
2 
5 
2 
1 
3 
4 

Morphemes 
1 
1 
3 
3 
1 
2 
2 
3 

3. How many speech sounds are in the followina words? 
ox 3 
boi! 3 
king 3 
ti^mx 4 
straight . 5 
shon J 
though 2 
precious 6 

4. What is the third speech sound in each of the following words? 
boyfriend 
thank-you 
squabble 
educate 
stood 

/f/ 

/w/ 
/y/ or lyul 

prayer 
higher 
chalk 
witchcraft 
badser 

Underline the schwa vowels: 
Qbour melQdy sofs. effect 

6. Underline the consonant blends: 
doubt known first pumpkin 

7. Underline the consonant digraphs: 
wholesale psychic doubt wrap 

8. When is a ck used in spelling? 
immediately after a short, stressed vowel 

Id 
/r/or/y/ 
IVJ 
I'd 
IV 

difficult defijiition 

squawk scratch 

daughter think 

Continued 

9. What U 
e. 

10. List all 
c. 

11. List all 
c. 

12. What a 
open, c 

13. When: 
When c 
except 

14. Howca 
presciu 
combir. 

15. Accour 
The fir. 
mil. 

Reprinted 
language.̂ / 

phonics was 
about 107c to 
consistently 
written word 
ample, that 
thought the u 
were blends t 

Teacher! 

Identificati 
Identificati 
Identificati 
Identificati 
Accurate c 
Knowledgt 
Knowledge 
Identificati 
Identificati 

connnues 
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•r.ph 

or'morphemes: 

-ontinitcs 

Continued 

9. What letters signal that a g is pronounced /j/? 
e. i . v 

10. List all the ways you can think of to spell "long a": 
a, ai, ae, ey, ay. eigh 

11. List all the ways you can think of to spell Ik!: 
c. k. ck, ch (Note: qu and x also correspond to Ikwl-and Iks!) 

12. What are six common syllable types in English? 
open, closed, r controlled, vowel team, silent e, consonant le' 

13. When adding a suffix to a word ending with y, what is the rule? 
lV7ie/i a root word ends in a y preceded by a consonant, change y to i when adding a suffix 
except -ing. If the root word ends in a y preceded by a vowel, just add tlie suffix. 

14. How can you recognize a word of Greek origin? 
presence ofy for [I] as in gym. ch for (k] as in chorus, ph for [ f j as in sphere, or a Creek 
combining form such as psych+ology 

15. Account for double m in coinment or conuninnenr. 
The first m closes the syllable ta make it short; com is a Latin morpheme as are ment and 
mil. 

•Ripriruid with permission from Moats. L.C. (199J). Knowledgt of the structure of spoken and written 
language. Annals of Dyslexia, 44, 8 1-102. 

phonics was surprisingly weak. Typically, 
about 107c to 207c of all subjects tested could 
consistently identify consonant blends in 
written words. Although they knew, for ex­
ample, that sir .was a blend, many also 
thought the ;c/i in stretch and the bt in doubt 
were blends because the concept of a blend as 

a representation of a spoken consonant clus­
ter was not differentiated from lhe occur­
rence of consonant letters adjacent in spell­
ing. Almost no one in any group could 
reliably identify a consonant digraph. Less 
than half of those tested could identify the 
reduced vowel schwa consistently. Only 

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

Identification of an inflection such as ed in instructed 
Identification of the number of morphemes in common words such as television 
Ideniificaiion of consonant blends in printed words 

-Idrntifiraiion of.consonamdigraphs in wntten words 
Accurate counting of number of phonemes in ox. precious, and thank 
Knowledge of six basic syllable types 
Knowledge of spelling rules such as "change y to f" 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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307c could explain when ck was used in 
spelling. 

Phoneme and morpheme awareness 

At the level of morpheme structure, only 
277c of subjects were able to identify the 
component morphemes of transparent 
words. Many teachers remarked they had 
never been asked to analvze words at this 
level. Words with an indirect relationship 
between spelling and speech sounds were 
particularly difficult on the phoneme count­
ing and phoneme identification tasks. For 
example, only 257c of this group knew that 
the word ox contains three speech sounds, 
although it has only two letters (.v corre­
sponds tO /k'-r.V). 

Additional examples of the confusion be­
tween speech sounds and symbols were 
elicited by words whose spellings do not 
correspond directly to their speech sound 
constituents. In these items, when teachers 
were asked about the identity of specific 
speech sounds, the presence of the nasal /r).'. 
the glides /w/ and /y/, and the fricative / i ' 
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 lit­
erate and experienced 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 certified. Further, the 

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

There is also evidence (Lindamood, 1994j 
lhat complete and explicit awareness of pho­
nemes in syllables is an underdeveloped 
metalinguistic skill in many people, even 
speech-language pathologists, although they 
have learned 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 lips. She also reported that college students 
who had trouble comparing the speech 
sounds in words were those who tended to 
have greater difficulty with spelling. Thus, 
many average adults may have acquired lin­
guistic awareness sufficient for their own 
reading development that is not sufficient for 
teaching language elements directly to chil­
dren. Development of phonemic awareness 
in these individuals, who have a diminished 
"ear" for phonology, might depend on ex­
plicit teaching of how speech sounds are pro­
duced motorically and cultivation of the abil­
ity io compare speech-sound differences in 
words (see Truch, 1994, for a review of lhe 
Lindamood approach). 

In addition, many adults, even experi­
enced teachers of reading and writing, con­
ceptualize words in their written rather than 
their 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 speech 
sounds; pitch will be viewed as having an 
extra 1U that is not present in rich). Explicit 
phonemic awareness in many adults may 
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even be limited because of their knowledge 
of print. Children who are first learning 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
lyzing speech before they can clarify these 
relationships for students. 

RECOMMENDATIONS 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. It is 
likely that speech-language pathologists 
will not typically be responsible for basic 
reading instruction with language/learning 
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 speech sounds, the nature of sound-
symbol 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, semantics, and 
discourse organization so that instruction 
can integrate language systems for the four 

areas of listening, speaking, reading, and 
writing (Moats, 1994a). 

Our competency lists and licensing prac­
tices should state clearly that certified teach­
ers of literacy education must themselves 
demonstrate phonemic awareness and have 
a working knowledge of the Speech-sound 
system and how our orthography represents 
spoken English. Moreover, the opportunity 
to leam 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 learning 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, identifying derivational relation­
ships, and studying 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-symbol correspondences for both 
spelling and reading, syllable patterns and 
syllabication, and the effect of word mean­
ing and word origin on spelling. This 
knowledge can then be applied to discover­
ing error patterns in the work of students. 

3 
.V. 
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designinc lesson plans, critiquing published 
materials, and'creating diagnostic instru­
ments. Such a course would be distinct in 
format and content from traditional intro-
ductorv language courses taught in depart­
ments of communication science or speech-
language pathology because the emphasis 
would be on the relationships between spo­
ken and written language learning. The 
speech-language pathologist must be 
trained in specialty areas such as voice, flu­
ency, phonology, language, and hearing im­
pairments, 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 
needs course work focused on multisensory 
structured language teaching for written 
language learning..The language clinician 
and teacher of reading 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, morphology, sound-symbol 
correspondence) and how it is learned by 
beginning readers requires at least one se­
mester; two would be preferable. It takes 
time for teachers lo acquire knowledge of 
word structure and to adjust their views 
about the relationships between speech and 
prim, even if they have the prerequisite lin­
guistic analysis skills to do so. Certainly 
other courses are needed to address topics in 
higher-level language processing, including 
reading comprehension, written expression, 
and studv straiesies. 

Ii would be hard to find disagreement in 
the educational communiiy lhat ihe direction 
and fabric of teacher education programs 
must chance. No doubt, however, brincinc 
about changes in the colleges of education 
will be difficult. As Graham (19SS j and Lyon 
et al.(19S9) have found, many professors of 
education and special education have limited 
teaching experience themselves and obvi­
ously may be challenged to demonstrate the 
application of instructional principles with 
students. Moreover, lhose who have a thor­
ough knowledge of language structure them­
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 is 
to improve. Currently, within a majority of 
higher-education settings, there is an inher­
ent tension between the need to conduct and 
publish research and the need to teach and 
supervise students, with greater reinforce­
ment provided to professors fcr research 
than for teaching. More specifically. the na­
ture of university settings requires profes­
sors of education to emulate the principles 
and practices of faculty members in the arts 
and sciences. Thus scholarship, usually and 
unfortunately decontextualized from the act 
of teaching in classes or in clinical settings, 
constitutes the major activity of professors, 
with the business of teaching teachers given 
over to junior faculty, adjunct faculty, or su­
pervising teachers within local school sys­
tems. Without a doubt, scholarship is a criti­
cal and valued activity that must be 
conducted. However, research should bear 
forcefully and directly on critical content as 
well as the principles and practices of leach­
ing. We must begin to integrate theory and 
practice in an explicit manner, 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 certiFtcation offices within 
state departments of education do not 
maintain" a formal and collaborative rela­
tionship with academic departments within 
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ANNALS OF DYSLEXTA U-̂  3_27. -\.c. 

Toward a Definition of Dyslexia 

G. Reid Lyon 

National Institutes of Health 
Bethesda, Maryland 

INTRODUCTION 

A precise and inciusionary definition of dyslexia is sorely needed 
for at least three reasons. First, accurate identification of dyslexia 
requires that the key symptoms and characteristics be specified. 
Second, treafctent 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 specifically, 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 indusionary 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 Morris 1986; 
Lyon and Moats 1993; Lyon et al. 1993; Morris 1988, 1993; 
Morris, Lyon, Alexander et al. 1994; Shaywitz, Shaywitz, 
Liberman etal. 1991). 



UACK(,KOUND: l-AKLIMt DLIINITIONS 

Ikbpile llic bijjiiifiamt ruk- tli.it a dcfinitum should play in the 
:,LiL'i>lific and clinical undLTstandiny of dyslexia, lhe field has 
k'onslructed numerous vajjue, ^llnbig^ous, and nonvalidated 
descriplions of the disorder. l;ur example, dyslexia or learning 
disabiliiy (LD) in readinf; oflen has been cusl wilhin the very 
Ceueral framework of exclusionary definitions of LD. That is, 
dyslexia is identified if reading disability exists in the absence 
iif oilier problems that could lead to the reading difficultly, 
t'onsider the definition incorporated into the Education for All 
I landicapped 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 tbe 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 Educaiion [USOEl 1977, p. 65083). 

This early definition failed lo provide objective guidelines 
ind criteria for distinguishing individuals with dyslexia from 
hose wiih other primary handicaps or generalized learning 
lifficulties (Moals and Lyon 1993). Furlhcr, as Ruller (1978) 
-oinled out more than two decades ago, "A negative definition 
•f this kind not only fails to aid conceptual clarity, but also 
mplics that dyslexia cannot be diagnosed in a child in a poor 
•r unconventional background. In short, it suggests that if all 
lie known causes of reading disability can be ruled out, the 
nknown (in the form of dyslexia) should be invoked." More 
..•cent hybrid exclusionary definitions of LD have the same 
/eaknesses (e.g., see the NJCLD definition, Mammill et al. 
''HI). Concerns about the limitations of exclusionary defini-
ons have prompled many scholars to call for a moratorium on 
ie development of broad definitions. For example, Stanovich 
1993) stated the following: 
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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 skil s necessary for reading mastery, 
in tum, contributes to inadequate training for most teachers 
and other professionals concerned with children's reading per­
formance (e.g., classroom teachers, special education person­
nel, school psychologists, etc.) (see Moats 1994a; Moats and 
Lyon in press). , i j : , i • 

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 meanbthat 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). 

A NEW RESEARCH-BASED DEFINITION 

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: i : 
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 informative vis-a­
vis the skills critical for'becoming! a skilled reader and 
lhat 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; Samuels 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 (see 
Adams Vm). 

3. i The evidence for this theory should be based on studies 
of well-described samples of subjects. Witliin this con-

i text, it is important lo avoid confounding causes of 
reading disability common in referred samples (For' 
discussion see Fletcher, Francis, Rourke, et al.T993; 

. Lyon 1987; Morris 1993; Shaywitz, Flelcher, and Shay-
; witz 1995; Vellutino 1979). 

4. ' The definition must be based on constructs that are rel-
j evant to the theory, that are internally valid, and that 
i can be measured objectively. Specifically, inclusionary 
! staiemenis about the characteristics of dyslexia pro-

> ! vided in the definition must be measured directly and 
! consistently by those doing the measuring (Fletcher 

, and Morris 1986; Morris 1993). 
5. 1 The definition must be externally valid and useful. For 

i instance, the definition should provide clear indications 
! of how lo identify whether a person is dyslexic (Fletcher 
! and Morris 1986; Fletcher et al. 1994; Stanovich and 
Siegel 1994), what to assess as predictors of later read-

1 ing achievement in young c uldren (Adams 1990; 
Ulachman 1991; Bradley and Bryant 1983), and what lo 
address in instruction or remediation (Lyon 1985; Lyon 
and Flynn 1991; Lyon and Moats 1988; Lyon, Moats, 
and Flynn 1989; Morris 1993). 

In an effort lo respond to the need for an improved defini­
tion for research purposes, a working definition was con-
strucled by The Orion Dyslexia Sociely Research Committee in 
collaboralion with leaders from the National Cenier 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 
characterization of the proposed definition as a working defini­
tion reflects the recognition that lhe definition may need lo be, 
and probably wil l 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 research-based definition that wi l l hopefully gen­
erate productive discussion among clinicians, researchers, 
teachers, and parents about how we sludy and communicate 

• abuul dvslexi.\. 

TOWAKD A DZFlNfTtON OF DYSLEXIA 

THE WORKING DEFINITION 
"Dyslexia is one of several distinct learning disabilities. It is a 
specific language-based disorder of constitutional origin char­
acterized by difficulties in single word decoding, usually 
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 writ ing and spelling" (The Orton Dyslexia 
Society Research Committee Ap^il, 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 lo be operationalized via objective study. Each of 
the staiemenis is discussed in turn. 

DliMNITIONAL CONTEXT 
"Dyslexia is one of several distinct learning disabilities." 

This opening statement is designed to indicate lhat 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 earlier. In addition, this statement incorporates the 
thinking of several leading scholars (Shepard 1988; Stanovich 
1993; Torgesen 1988) that the field should disconlmue the use of 
lhe broad term learning liisabililies 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 lhe cliild or adull 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-
stiluent phonemes. Tlie 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 199p; 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 nol 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, grammatical and derivational 
morphology, and syntactic usage. As future research findings 
emerge the definition described here will be revised to reflect 
the state of lhe science. In fact, some evidence is now accruing 
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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 the basis of 
replicated empirical findings. Definitional statements regarding 
the role of deficiencies in temporal processing, semantic pro­
cessing, syntactic processing, morphology,'and visual ortho­
graphic processing in dyslexia wi I be incorporated into the 
definition, if they emerge from studies characterized by meth­
odological rigor. i 

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 see 
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 factors operate 
to predispose someone to dys exia 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 "hardwirpd" 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; Rumsey, 
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 
lias 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 
Shaywilz 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 cognitive capacity, fewer cognitive resources are left 
to allocate to higher-level process of text integration and 
comprehension. 

i ! 

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 etal. 1994). , , 

UNEXPECTED UNDERACHIEVEMENT 
"These difficulties in single word decoding are often unex­
pected in relation to age and other cognitive abilities;" ; , 

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 beipre-
dicted by the child's age, other academic and cognitive abilities, 
exposure to instruction, or sociocultural opportunities. It is im­
portant lo note that while lhe 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 IQ as specified in 
typical discrepancy formulae. Rather, the data suggest that 
"unexpectedness" should be assessed via comparisons of read­
ing age wiih 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 IQ-reading discrepancy. There are two major 
reasons that an IQ-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, al present, it 
is extremely difficult to define and operationalize the concept 
of an IQ-reading achievement discrepancy from either a con­
ceptual or a statistical perspective (Aaron 1989; Lyon 1988; 
Share, McGee, and Silva 1989; Zigmond 1993). Second, and 
more importantly, reading disab ed children with high IQ 
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; 
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l i.mcii, et .it. I W'l, Olson cl ul. 1989; Siegel 1989; Stanovich and 
Siegel 1991), phonological skills (Retcher et al. 1994; Shank-
vveiler et al. 1995; Stanovich anil Siegel 1994), genetic character­
istics (I'enninglon. 1995; Pennington et al. 1992) or neurological 
cliaraclerisliLS (Lyon in press; Stanovich and Siegel 1994). 

More specifically, a series of studies by Shaywitz and his 
colleagues (Melcher et al. 1994; Fletcher et al. 1992; Shaywitz et 
al. 1992) have not supported the use of discrepancy based defi­
nitions for dyslexia. For example, Shaywilz et al. (1992) re­
ported the results of a longitudinal study that followed a cohort 
of good and poor readers from kindergarten through the fifth 
grade. The sample was large enough lo sludy children who 
were diagnosed as dyslexic according lo regression-based dis­
crepancy criteria, children matched for level of reading deficit 
without a discrepancy with IQ, and children with age appropri­
ate reading skills. The Shaywitz group found minimal differ­
ences between the discrepant and non-discrepant ("garden 
variety") poor reader groups on measures of linguistic function, 
manual dexterity, visual perception, and teacher's assessment 
of learning and behavior at any time within the developmental 
trajectory. Similarly, in a recent study, Flelcher ct al. (1994) com­
pared dyslexic children with IQ-reading achievement discrep­
ancies with a group of non-discrepant poor readers on 9 cogni­
tive variables related lo reading proficiency. Tlie groups did not 
differ with respect to performance on visual, vocabulary, mem­
ory, or phonological measures. In addition, measures of phono­
logical awareness were the most robust indicators of differences 
between children with impaired reading and children without 
impaired reading, rcgnnllcss of how reading disability was 
defined. Finally, Stanovich and Siegel (1994) reported com­
pelling dala lhat showed no differences between discrepant 
and non-discrepant poor readers on measures of word recogni­
tion skills, phonology, and orthography. In summarizing their 
findings, Ihe authors stated: 

... neither the phenotypic nor genotypic indicators of poor 
reading are correlated in any reliable way with IQ discrep­
ancy. If there is a special group of children with reading dis­
abilities who arc behaviorally, genetically, or neurologically 
different, it is becoming increasingly unlikely that Ihey can be 
easily identified by using IQ discrepancy as a proxy for the 
genetic and neurological differences themselves .... (p. 48) 

Thus, converging data from several studies show lhat an 
IQ-achievement discrepancy does nol differentiate lhe reading 
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SUMMARY 

A working operational definition of dyslexia has been pre­
sented that evolved from the substantial amount of evidence 
that indicates that reading disability is most precisely measured 
at the single word level and causally associated with phonolog­
ical deficils. 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. 1 

Very importantly, the criteria specified in this definition 
are dynamic and subject to modification as new data become 
available. Certainly the central role 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 olher 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 avaijable. The first step has been 
taken in that we are now able to isolate and localize phonolog­
ical processing in lhe brain (see Shaywitz, Shaywitz, Pugh et 
al. 1995; Shaywilz, Shaywitz, Pugh et al. in press). In addition, 
while the available data clearly show that differentiating chil­
dren according to IQ-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 lhe difference have to be and does it vary according 
to age? As an important aside, it should be noted lhat a great 
deal needs lo be learned about how the brain recovers pho­
nemes from running speech. As Liberman (1992) has elo­
quently pointed out, the articulalory gesture, rather than the 
speech sound, might ullimately prove to be the mosl basic 
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mucliunism llut subserves phonologicul awareness and basic 
leading skill. 

The search for answers lo Ihese basic questions should lake 
on paramount importance in our research programs. Within 
this context, the proposed working definition put forth by The 
Orton Dyslexia Research Committee provides an objective and 
dynamic context to insure that children are selected for sludy 
according to operational data-based criteria. The operational 
nature of the statements in the definition should help to foster 
communication among clinicians and researchers and to stimu­
late research studies lhat can be replicated and generalized. « 

At the same lime, lhe proposed definition and the scientific 
evidence upon which it is based have clear implications for lhe 
development of diagnostic guidelines for dyslexic individuals 
and for teaching practices. For example, the working definition 
stresses the fact that phonological deficits can be detected early 
and that such deficits predict reading difficulties at the single 
word level. These findings necessitate the development and 
use of teaching practices that incorporate explicit instruction in 
phonological awareness and sound-symbol rclationships to 
enhance the speed and accuracy of decoding and single word 
reading. It is also critical that this instruction be con textual! zed 
within a rich meaning-based linguistic framework (Adams 
1995; McPikc 1995). In short, the data support the development 
of informed, balanced approaches to the teaching of reading 
(see Moats 1994a; Moats and Lyon in press). In summary, a 
valid definition of dyslexia should have value for future 
research endeavors, for the diagnosis of reading disability, and 
for the shaping of curricular goals. It is hoped that this work­
ing definition uf dyslexia takes a step toward meeting these 
objectives. 
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INTRODUCTION 

L 
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 

-J attenfibn 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-occurrence, 

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 Canada to study learn­

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 above, additional reference will also be made to the outstanding work of Stanovich 

and Siegel in LD and reading disorders supported by the Canadian government.3 Readers should 

note that comprehensive sources on these topics have recently been published.1'4"5 



IMPEDIMENTS TO SCIENTIFIC DEVELOPMENTS IN LEARNING 

DISABILITIES: AN HISTORICAL PERSPECTIVE 

H 

istorically, a number of influences have contributed to difficulties in validating scientifi­

cally the construct of L D . l J First, the field's limitations as a clinical science can be related 

to itsTjrief tenure as a recognized category of disability. Specifically, LD as a federally 

designated condition, has been in existence only since 1968.6 Thus, there has not been time to col­

lect and consolidate the necessaiy 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.2 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 responsibilities. 

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 tum, 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 cornerstones of scientific inquiry. 

Third, many diagnostic and treatment decisions about individuals with LD have been based 

on technically inadequate tests and measures. Recent comprehensive reviews4 suggest that fewer 

than one-third of the psychometric tools used in the diagnosis of LD meet criteria 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.4 

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.on lhe one hand by associating learning <ltsabilities with tht-concept of aptitude-

achievement discrepancy, and on the other hand by conducting "single-shot" studies on "school-

identified" or "clinic-referred" samples of children.1-""4 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.""7 Such an 

assumption is based on the premise that individuals who display an IQ-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 efforts to develop a valid definition and classification system for learning disabili­

ties. Lt 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.1-2 

Such variability in sample characteristics prohibits replication and generalization of find­

ings - a severe impediment to the development of any clinical science. Moreover, "single-

shot" 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 

CONDUCT OF RESEARCH IN LEARNING DISABILITIES 

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

mandated the establishment of an Interagency Committee on Learning 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.^ctivities, 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 

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, 8 the ICLD concluded that: 

"...collaborative, integrated, and coordinated multidisciplinary approaches to 

research questions, such as could be undertaken on university campuses in 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 ar.d 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.8 

Within this context, the NICHD proceeded to develop Requests for Applications 

(RFAs) for Program Projects in 1985, Learning Disability Research Centers (LDRC s) 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 

Colorado, Dr. .Frank Wood and his leam 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 Pr. 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 to 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 

LDRCs is provided in the following sections. Individual Program Projects (Bowman Gray, 

Miami, Beth Israel/Harvard) will be summarized firet 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),1 

Lyon et al.,1 Fletcher et al.,' and Lyon.4 

THE NICHD RESEARCH PROGRAMS IN LEARNING 

DISABILITIES PROGRAM PROJECTS 

f • ^he Bowman Gray Program Project is designed to study childhood reading dis-

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

J L ia.5 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, 

(5) study regional cerebral blood flow and positron emission tomographic activation signa­

tures that are correlated with specificJinguistic .aad.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 neuroimaging studies. More specifically, Dr. Lubs and his 

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



autosomal dominantly inherited dyslexia. Project goals were addressed through scientific 

experiments in three major areas.4 In the first area, the Miami group designed and con­

ducted linkage studies to delineate the location of chromosomes 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. 

Magnetic Resonance Imaging and Positron Emission Tomography studies were carried out 

in an attempt to identify unique neurophysiological signatures for dyslexic 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 learning 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.5 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 abnormalities 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 immunological 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.4"9 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 predictor^ 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 ̂ l)io-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.4"5"9 

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-



cient component phonological, orthographic, reading skills in reading disability. Within 

this context, genetic linkage analysis is being employed lo search for major genes and 

quantitative trait loci that influence learning 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 coursa, and biological/neurophysiological bases for dyslexia.4"*"' 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 phonological 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 disorders 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 learning 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 learning disability subtypes over time. 



MAJOR FINDINGS AND CONCLUSIONS 

Anumber of independent and replicated discoveries relevant to learning disabilities 

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

efforts at each of the NICHD Program Projects and LDRCs, 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 to 

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,5 Yale M J : r). 

H 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 

(Yale7). 

READING AND LANGUAGE RELATED PROCESSES 

• Reading disabilities (dyslexia) affect at least 10 million children, or approximately 1 

child in 5 (Yale'-10). 

• 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,4-5-" Miami," Yale"'™). 

• 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,1,4"7"10 

Stanovich & Siegel1). 

• The practice of distinguishing between disabled readers with an IQ-Achievement dis­

crepancy and those without a discrepancy appears invalid.3"7 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.3 

Likewise genetic and neurophysiological studies have not indicated differential etiologies 

for reading disabled children with and without discrepancies.1,3'4,7 It remains to be seen 

whether a discrepancy between achievement and IQ is a worthwhile predictor of choice of, 

or response to, intervention. 
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• 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,0 Yale,1'4"'"10 Stanovich & Siegel3). 

• 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,4 Yale , J J*'). 

• 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,3 Colorado,4"5'" 

Johns Hopkins,4 Miami,5 Yale4"'). 

• The best predictor of reading ability/disability from kindergarten and first grade test 

performance is phoneme segmentation ability (Bowman Gray5). 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 

• 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 (Yale1,4). 

• ADD and reading disability often co-exist, but the two disorders are distinct and separa­

ble (Bowman Cray,5'9 Yale4-5"9). 

• 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,5'9 Miami9). 

• 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 Gray5"9). 

GENETICS 

• 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 0 9 1 3). 

• There is strong evidence for genetic etiology of reading disability, with deficits in phono­

logical awareness reflecting the greatest degree of heritability (Colorado4,5"13). 

• 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,1'9 

Miami9). 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 

(Colorado11). 
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NEUROANATOMY, NEUROPHYSIOLOGY, AND NEUROIMAGING 

• 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/Harvard5'). 

• 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 

pIanunr(Beth Israel/Harvard5-9). 

• There is converging evidence from anatomical microstructure studies, gross morphology 

studies, and neuroimaging studies that lhe. phenotypic expression in dyslexia is related to 

anomalous organization of tissue and processing systems subserved within the posterior left 

hemisphere (Beth Israel/Harvard,5'9 Bowman Gray*"9). 

H Regional Blood Flow studies indicate that the poor reading development in dyslexics is 

associated with less activation than nonnal in the left temporal region with atypically 

increased activation in the region of the angular gyms (Bowman Gray5'9). 

• Positron Emission Tomographic studies indicate that dyslexic adults have greater than 

nonnal activation in regional metabolic values in the occipital (lingual) and pre-frontal 

regions of the cortex (Miami"). 

TREATMENT/INTERVENTION 

• Disabled readers do not readily acquire the alphabetic code when learning 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'19). 

• Longitudinal data indicate that systematic structured phonics instruction results in more 

favorable outcomes in reading than does a context-emphasis (Whole Language) approach 

(Bowman Gray5*9). 

• 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 Gray5'9). 
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F U T U R E R E S E A R C H D I R E C T I O N S I N L D 

In 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.1-2 

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 treatment/intervention 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 behaviors, and to know more specifically how the child with LD and the normal 

leamer 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. Our 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 witlrstructuraf-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 

T 
^he NICHD has been, and will continue to be responsive to the critical research needs 

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 arid language dis­

abilities has increased from S1.75 million in 1975 to over S15 million in 1993—a cumulative 

total of approximately $80 million. Given the significant discoveries made by the Program 

Projects, LDRCs and individual research grants supported through these increases, the 

money clearly has been well spenL Within the past 10 years, NICHD research has identified 

the major cognitive mechanisms underlying dyslexia and other learning 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 projiects will provide guidance with respect to ameliorating the devas­

tating effects of learning disabilities on both children and adults. 
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Attention Deficit 
Hyperactivity Disorder 
Imagine l iving in a last-moving kaleidoscope, where 
sounds, images, and thoughts are constantly shilling. 
Feeling easily bored, yet helpless to keep your mind on 
lasks you need to complete. Distracted by unimportant 
sights and sounds, your mind drives you (rom one thought 
or activity lo the next. Perhaps you are so wrapped up in a 
collage o( thoughts and images that you don't notice when 
someone speaks to you. 

For many people, this is what it's l ike to have Attention 
Deficit Hyperactivity Disorder, or A D H D . They may be 
unable lo sit sti l l , plan ahead, finish tasks, or be fully aware 
of what's going on around them. To their family, 
classmates, or coworkers, they seem lo exist in a whir lwind 
of disorganized or frenzied activity. Unexpectedly—on 
some days and in some situations—Ihey seem line, often 
leading others to think Ihe person wi th A D H D can actually 
conlrol these behaviors. As a result, the disorder can mar 
lhe person's relationships wi th others in addition to 
disrupting their daily life, consuming energy, and 
diminishing self-esteem. 

A D H D , once called hyperkinesis or minimal brain 
dysfunction, is one of the most common menial disorders 
among chi ldren. It affects 3 to 5 percent of all children, 
perhaps as many as 2 mi l l ion American children. Two to 
three times more boys than girls are affected. On (he 
average, at least one chi ld in every classroom in the United 
Slates needs help for the disorder. A D H D oden continues 
into adolescence and adulthood, and can cause a lifetime 
of frustrated dreams and emotional pain. 

But there is help...and hope. In (he 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 A D H D 
focus their attention, bui ld self-esteem, and (unction in new 
ways. 



In addit ion, new avenues ol research promise to (urlher 
improve diagnosis and treatment. Wi th so many American 
children diagnosed as having attention disorder, research 
on A D H D has become a national priority. During the 
1990s—which the President and Congress have declared 
the 'Decade of Ihe Brain"— it is possible lhat scientists wi l l 
pinpoint the biological basis ol A D H D and learn how lo 
prevent or treat it even more effectively. 

This booklet is provided by the National Institute of 
Mental Health (NIMH), the Federal agency that supports 
tesfearch nationwide on the brain, mental illnesses, and 
mental health. Scientists supported by N I M H are dedicated 
to understanding (he workings and interrelationships of Ihe 
various regions of the brain, and to developing preventive 
measures and new treatments lo overcome brain disorders 
that handicap people in school, work, and play. 

The booklet offers up-to-date information on allenlion 
deficit disordeis and the role of NIMH-sponsored leseaich 
in discovering underlying causes and effective treatments. 
It describes treatment options, strategies for coping, and 
sources of information and support. You'l l f ind out what 
it's like to have A D H D from Ihe stories ol Mark, Lisa, and 
Henry. You' l l see Iheir early frustrations, their steps toward 
getting help, and Iheir hopes for the future. 

The individua/s referred to in (his brochure are not real, 
but their stories are represenlMive ot people 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. Starling at age 3, 
he was a human tornado, dashing around and disrupting 
everylhing in his path. At home, he darted from one 
activity 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 wi th 
oncoming cars, no matter how many times his mother 
explained (he danger or scolded h im. On the playground, 
he seemed no wilder than the other kids. But his tendency 
lo overreact—like socking playmates simply (or bumping 
into him—had already gotten him into trouble several 
l imes. His parents didn't know what to do. Mark's doting 
grandparents reassured them, 'Boys wi l l be boys. Don't 
worry, he' l l grow out of i l . " But he didn't . 

Lisa 
At age 17, Lisa still struggles to pay attention and act 
appropriately. But this has always been hard for her. She 
still gels embarrassed thinking about that night her parents 
took her to a restaurant to celebrate her lOlh birthday. She 
had gotten so distracted by the waitress' bright red hair that 
her father called her name three times before she 
remembered to order. Then before she could stop herself, 
she blurted, "Your hair dye looks awful l " 

In elementary and junior high school, Lisa was quiet 
and cooperative but often seemed to be daydreaming. She 
was smart, yet couldn't improve her grades no matter how 
hard she tried. Several limes, she failed exams. Even 
(hough she knew most of the answers, she couldn't keep 
her mind on the lest. Her patents lesponded lo her low 
grades by taking away privileges and scoldirlg, "You're just 
lazy. You could gel beller grades if you only tr ied." One 
day, after Lisa had failed yet another exam, the teacher 
found her sobbing, "What's wrong wi ih me?" 
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What 
are the 
symptoms 
of ADHD? 

Henry 
Although he loves putlenng around in his shop, (or years 
Henry has had dozens o( 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 wi le 
joked about holding a lire sale. 

Every day Henry faced the real frustration ol not being 
able to concentrate long enough to complete a task. He 
was (ired from his job as stock clerk because he lost 
inventory and carelessly fi l led 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 concentrate. He saw Ihe 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—Attent ion Deficit Hyperactivity 
Disorder. A D H D is not like a broken arm, or strep throat. 
Unlike these two disorders, A D H D does not have clear 
physical signs lhat can be seen in an x-ray or a lab test. 
A D H D can only be identif ied by looking for certain 
characteristic behaviors, and as with Mark, Lisa, and Henry, 
Ihese behaviors vary from person lo person. Scientists have 
not yet identified a single cause behind all Ihe different 
patterns of behavior—and Ihey may never find just one. 
Rather, someday scientists may find that A D H D is actually 
an umbrella term for several slightly different disorders. 

At present, A D H D is a diagnosis applied lo children and 
adults who consistently display certain characteristic 
behaviors over a period of l ime. The most common 
behaviors fall into three categories: inattention, 
hyperactivity, and impulsivity. 

I n a t t e n t i o n . People who are inattentive have a hard 
t ime keeping their mind on any one thing and may get 
bored wi th 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 lask or learning something 
new is dif f icult. 

For example, Lisa found it agonizing to do homework. 
Often, she forgot lo plan ahead by wr i t ing down the 
assignment or bringing home the right books. And when 
trying lo work, eveiy (ew minutes she found her mind 
drift ing lo something else. As a result, she rarely finished 
and her work was full o( errors. 

H y p e r a c t i v i t y . People who are hyperactive always 
seem lo be in motion. They can't sit sti l l . Like Mark, Ihey 
may dash around or talk incessantly. Sitting still through a 
lesson can be an impossible lask. Hyperactive children 
squirm in their seat or roam around the room. Or they 
might wiggle their leet, touch everything, or noisily tap 
Iheir penci l . Hyperactive teens and adults may (eel 
intensely restless. They may be fidgety or, like Henry, they 
may try lo do several things at once, bouncing around (rom 
one activity to the next. 

I m p u l s i v i t y . People who are overly impulsive seem 
unable to curb Iheir immediate reactions or think before 
they act. As a result, l ike tisa, Ihey may blurt out 
inappropriate comments. Or like Mark, Ihey may tun into 
Ihe street without looking. - Their impulsivity may make it 
hard (or them to wait for things Ihey want or lo lake their 
turn in games. They may grab a toy from another child or 
hit when they're upset. 

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 tel l if the problem is A D H D i 

To assess whether a person has ADHD, specialists 
consider several critical questions: Are Ihese behaviors 
excessive, long-term, and pervasive? That is, do they occur 
more often than in other people the same age? Are Ihey a 
continuous problem, not just a response to a temporary 
situation? Do the behaviors occur in several settings or 
only in one specific place like the playground or the office? 
The person's pattern of behavior is compared against a set 
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 ol Menial Disorders). 
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Accotding lo the diagnostic manual, iheie aii; ihiee 
patterns ol behavior lhat indicate A D H D . People with 
A D H D may show several signs ol being consistently 
inattentive. They may have a pattern ol being hyperaclive 
and impulsive. Or they may show all three types ol 
behavior. 

According to Ihe DSM, signs of inattention include: 

•becoming easily distracted by irrelevant sights and 
sounds 

• fa i l ing lo pay attention to details and making careless 
mistakes 

*rarely fol lowing inslruclions carefully and completely 
• losing or forgelling things like toys, or pencils, books, 

and tools needed lor a lask 

Some signs of hyperactivity and impulsivity are: 

• feel ing restless, ollen fidgeting wi th hands or feel, or 
squirming 

• running, c l imbing, or leaving a seat, in situalions where 
sil l ing or quiet behavior is expecled 

• blurting out answers before hearing the whole question 
• having diff iculty wai l ing in line or for a turn 

Because everyone shows some of Ihese behaviors at 
times, the DSM contains very specific guidelines for 
determining when they indicate A D H D . The behaviors 
must appear early in life, before age 7, and continue for at 
least 6 months. In chi ldren, Ihey must be more (requenl or 
severe than in others the same age. Above all, lhe 
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 
A D H D . Nor would a chi ld who seems overly active al 
school but functions wel l elsewhere. 

The fact is, many things can produce Ihese behaviors. 
Anything from chronic fear to mi ld seizures can make a 
chi ld seem overactive, quarrelsome, impulsive, or 
inattentive. For example, a formerly cooperative chi ld who 
becomes overactive and easily distracted after a parent's 
death is dealing wi th an emotional problem, nol ADHD. A 
chronic middle ear infection can also make a chi ld seem 
distracted and uncooperative. So can l iv ing with family 
members who are physically abusive or addicted to drugs 
or alcohol. Can you imagine a chi ld 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 
olher problems, not A D H D . 

In other chi ldren, ADHD-l ike behaviors may be their 
response lo a defeating classroom situation. Perhaps the 
chi ld has a learning disability and is not developmentally 
ready lo learn lo read and write at the l ime these are 
taught. Or maybe the work is too hard or too easy, leaving 
the chi ld frustrated or bored. 

Tyrone and M im i are two examples of how classroom 
conditions can elicit behaviors lhat look like A D H D . For 
months, Tyrone shouted answers out in class, then became 
disruptive when the teacher ignored h im. He certainly 
seemed hyperactive and impulsive. Finally, after observing 
Tyrone in olher situations, his teacher realized he just 
wanted approval for knowing Ihe right answer. She began 
to seek opportunities to call on him and praise him. 
Gradually, Tyrone became calmer and more cooperative. 

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

Like Tyrone and M im i , some children's attention and 
class participation improve when Ihe 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 to get on track at school, Ihey 
probably don't have A D H D . 

Can any 
other 
conditions 
produce 
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Can other 
disorders 
accompany 
ADHD? 

It's also imporlant to realize that during certain stages of 
development, Ihe majority of children that age lend lo be 
inattentive, hyperactive, or impulsive—but do nol have 
A D H D . Preschoolers have lots of energy and run 
everywhere they go, but this doesn't mean Ihey aie 
hyperactive. And many teenagers go through a phase 
when they are messy, disorganized, and reject authority. It 
doesn't mean they w i l l have a lifelong problem controll ing 
Iheir impulses. 

A D H D is a serious diagnosis that may require long-term 
treatment wi th counseling and medication. So it's 
important that a doctor first look for and treat any other 
causes for Ihese behaviors. 

One of the difficulties in diagnosing A D H D is lhat it is 
often accompanied by other problems. For example, many 
children wi th A D H D also have a specific learning disability 
(LD), which means Ihey have trouble mastering language or 
certain academic skills, typically reading and math. ADHD 
is not in itself a specific learning disabili iy. But because it 
can interfere with concentration and attention, ADHD can 
make it doubly hard (or a chi ld with LD to do well in school. 

A very small proportion of people with A D H D 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 wi th medication. 
Researchers at N I M H and elsewhere are involved in 
evaluating the safety and effectiveness of treatment for 
people who have both Tourette's syndrome and A D H D . 

More serious, nearly half of all children with 
ADHD—most ly boys—tend to have another condition, 
called oppositional defiant disorder. Like Mark, who 
punched playmates for jostl ing h im, 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 mote 
serious conduct disorders. Children wi th this combination 
of problems are at risk of getting in trouble at school, and 
even wi th the police. They may take unsafe risks and 

break laws—they may steal, set fires, destroy property, and 
drive recklessly. It's importanl that children w i ih 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 (eel 
tremendous worry, tension, or uneasiness, even when 
there's nothing to fear. Because lhe feelings are scarier, 
stronger, and more Irequent than normal (ears, Ihey can 
affect the child's thinking and behavior. Others experience 
depression. Depression goes beyond ordinary 
sadness—people may feel so ' d o w n " thai they feel hopeless 
and unable to deal wi th everyday tasks. Depression can 
disrupt sleep, appetite, and the ability to think. 

Because emotional disorders and attention disorders so 
often go hand in hand, every chi ld who has A D H D should 
be checked for accompanying anxiety and depression. 
Anxiety and depression can be treated, and helping 
children handle such strong, painful feelings w i l l help them 
cope w i th and overcome the effects of A D H D . 

Of course, not all children wi th A D H D have an 
additional disorder. Nor do all people wi th learning 
disabilities, Tourette's syndrome, oppositional defiant 
disorder, conduct disorder, anxiety, or depression have 
A D H D . But when Ihey do occur together, Ihe combination 
of problems can seriously complicate a person's l i fe. For 
this reason, it's important to watch for other disorders in 
children who have A D H D . 

Understandably, one of the first questions parents ask when 
they learn Iheir child has an attention disorder is 'Why! 
What went wrong!' 

Health professionals stress thai since no one knows 
what causes A D H D , it doesn't help parents to look 
backward lo search for possible reasons. There are too 
many possibilities to pin down the cause wi th certainty. It 
is far more imporlant for the family to move forward in 
f inding ways to get Ihe right help. 

Scientists, however, do need to sludy causes in an effort 
to identify better ways lo treat, and perhaps some day. 

f-Every child 
who, has 

: - A D H D should 
gbe jcMcked fo 
^anxiety and 
'depression. 

What 
causes 
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prevenl A D H D . Ihey are finding more and more evidence 
thai A D H D does nol stem from home environmcnl, but 
from biological causes. When you think aboul i l , there is 
no clear relationship between home life and ADHD. Not 
all children from unstable or dysfunctional homes have 
A D H D . And not all children wi th A D H D come from 
dysfunctional families. Knowing this can remove a huge 
bdiden of guilt horn parents who might blame Ihemselves 
for their child's behavior. 

Over the last decades, scientists have come up with 
possible theories about what causes A D H D . Some of these 
theories have led to dead ends, some to exciting new 
avenues of investigation. 

One disappointing theory was lhai all, allenlion disorders 
and learning disabililies were caused by minor head 
injuries or undetectable damage lo Ihe brain, perhaps from 
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 ol 
attention disorder, the theory was rejected because il could 
explain only a very small number of cases. Not everyone 
with A D H D or LD has a history of head trauma or birth 
complications. 

Another theory was lhat refined sugar and food addilives 
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, too, came under question. In 1982, 
the National Institutes of Health (NIH), Ihe Federal agency 
responsible for biomedical research, held a major scientific 
conference to discuss Ihe issue. After studying the data, the 
scientists concluded that Ihe restricted diet only seemed to 
help about 5 percent of children wi th A D H D , mostly either 
young children or children with food allergies. 

In recent years, as new tools and techniques (or 
studying the brain have been developed, scientists have 
been able to test more theories aboul what causes A D H D . 

Using one such technique, N I M H scientists demonstrated 
a link between a person's ability lo pay continued attention 
and the level of activity in the biain. Adult subjects were 

asked to learn a list ol words. As they d id, scientists used a 
PET (positron emission tomography) scanner to observe Ihe 
brain at work. The researchers measured Ihe level of 
glucose used by the areas of the brain lhat 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 
(ound importanl differences between people who have 
A D H D and those who don't. In people wi th ADHD, Ihe 
brain areas that control allenlion used less glucose, 
indicating that they were less active. It appears (rom this 
research lhat a lower level of activity in some parts of the 
brain may cause inattention. 

The next step wi l l be lo research why there is less 
activity in Ihese areas of Ihe brain. Scientists at NIMI I 
hope to compare the use o l glucose and the activity level 
in mi ld and severe cases of A D H D . They wi l l also try lo 
discover why some medications used lo treat ADHD work 
better than others, and if the more effective medications 
increase activity in certain parls of Ihe brain. 

Researchers are also searching lor olher dilferences 
between those who have and do nol have A D H D . 
Research on how Ihe brain normally develops in Ihe (etus 
offers some clues about what may disrupt the process. 
Throughout pregnancy and continuing into the first year of 
life, the brain is constantly developing. II begins ils growth 
from a few all-purpose cells and evolves into a complex 
organ made of bill ions o( specialized, interconnected nerve 
cells. By studying brain developmenl in animals and 
humans, scientists are gaining a better understanding of 
how the brain works when Ihe nerve cells are connected 

Brain scan images 
produced by positron 
emission (oriiogr.f/Wi) 
(Pf T) sliow dilteieoci 
between an adull wn 
Allenlion Deficit 
Hypetactivity Disonh 
(tiglil) and an adull h 
ol the disease (lefl) 
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correctly and incorrectly. Scientists at N IMH GIH! other 
research institutions are tracking clues to determine what 
might prevenl nerve cells (rom lorming the proper 
connections. Some of Ihe factors they are studying include 
drug use during pregnancy, toxins, and genetics 

Research shows that a mother's use of cigaretles, 
alcohol, or olher drugs during pregnancy may have 
damaging effects on lhe unborn chi ld. Ihese substances 
may be dangerous to Ihe fetus' developing brain. Il 
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 condit ion that can lead lo low birth 
weight, intellectual impairment, and certain physical delects. 
Many children born with FAS show much lhe same hyper­
activity, inattention, and impulsivity as children wi th A D H D . 

Drugs such as cocaine—including the smokable form 
known as crack—seem lo affect the normal development of 
brain receptors. These brain cell parls help lo Iransmil 
incoming signals from our skin, eyes, and ears, and help 
conlrol our responses lo Ihe environment. Curienl research 
suggests lhat drug abuse may harm these receptors. Some 
scientists believe that such damage may lead to ADHD. 

Toxins in Ihe environment may also disrupt brain 
development or brain processes, which may lead to 
A D H D . 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 thai children exposed 
to lead may develop symptoms associated wiih 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 lo be genetic influences. 
Children who have A D H D usually have at least one close 
relative who also has A D H D . And at least one-third ol all 
fathers who had A D H D in Iheir youth bear children who 
have A D H D . Even more convincing: Ihe majority of 
identical twins share Ihe trait. At the Nalional Institutes of 
Health, researchers are also on the trail of a gene that may 
be involved in transmitting A D H D in a small number of 
families wi th 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 l ime accidentally 
charging into olher children's desks and toppling books 
and papers. He was finally sent lo the principal's ollice 
when he began kicking a desk he had overturned. In sheer 
frustration, his teacher called a meeting with his parents 
and Ihe school psychologist. 

But even alter Ihey developed a plan for managing 
Mark's behavior in class, Mark showed litl le improvement. 
Finally, alter an extensive assessment, they found that Mark 
had an attention deficit thai included hyperactivity. He 
was put on a medication called Ritalin lo control Ihe 
hyperactivity dur ing school hours. Although Ritalin failed 
lo help, another drug called Dexedrine d id. With a 
psychologist's help, his parents learned to reward desirable 
behaviors, and to have Mark lake "l ime out" when he 
became too disruptive. Soon Mark was able lo 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 
lo the school evaluation leam when her teacher realized 
that she was a bright girl wi th (ailing grades, l h e team 
ruled out a learning disability but determined lhai she had 
an attention deficit, A D H D without hyperaciivity. The 
school psychologist recognized that Lisa was also dealing 
with depression. 

Lisa's teachers and the school psychologist developed a 
treatment plan that included parlicipation in a program to 
increase her attention span and develop her social skills. 
They also recommended thai Lisa receive counseling lo 
help her recognize her strengths and overcome her 
depression. 
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Henry 
When Henry's son enlered kindergarten, il was clear lhat 
he was going to have problems sitting quietly and 
concentrating. After several disruptive incidents, the school 
called and suggested that his son be evaluated (or ADHD. 
As the boy was assessed, Henry realized that he had grown 
up wi th Ihe same symptoms that specialists were now 
finding in his son. Fortunately, Ihe psychologist knew lhat 
A D H D can persist in adults. She suggested thai Henry be 
evaluated by a professional who worked with adults. 
For the first t ime, Henry was correctly diagnosed and given 
Ritalin to aid his concentration. What a reliefl Al l Ihe 
years that he had been unable to concentrate were due to a 
disorder lhat could be identif ied, and above all, treated. 

How is 
ADHD 
identified 
and 
diagnosed? 

Many parents see signs of an allenlion deficit in toddlers 
long before the chi ld enters school. For example, as a 
3-year-old, Henry's son already displayed some signs ol 
hyperactivity. He seemed to lose interest and dart off even 
during his favorite TV shows or whi le playing games. 
Once, dur ing a game of 'catch," he led Ihe game before 
the ball even reached himl 

Like Henry's son, a chi ld may be unable lo focus long 
enough lo play a simple game. Or, like Mark, Ihe chi ld 
may be tearing around out of control. But because 
children mature al different rales, and are very different in 
personality, temperament, and energy level, it's useful to 
get an expert's opinion of whether Ihe behaviors are 
appropriate for the chi ld s age. Parents ran ask Iheir 
pediatrician, or a chi ld psychologist or psyc hialnsl to assess 
whether their toddler has an allenlion disorder or is jusl 
immature, has hyperaciivity or is jusl exuberant 

Seeing a chi ld as "a chip off the old b lock ' or "|usl like 
his dad" can bl ind parents lo the need for help Parents 
may (ind il hard lo see their child's behavior as a problem 
when it so closely resembles Iheir own In fad. like Henry, 
many parents first recognize Iheir own 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 Ihe 
school psychologist. Because leachers work with many 
children, Ihey come to know how "average" children 
behave in learning situations that require attention and self 
control. However, teachers 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 Ihe school 
psychologist and olher specialists. But if the school 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 tof 
What kinds of specialists do they need? 

IfineededlftH 

fcroxldei* 

fyalnlngi 

Psychiatrists yes yes yes 

Psychologists yes no yes 

Pediatricians or family 
physicians 

yes yes no 

Neurologists yes yes no 

The family can start by talking wi th the child's 
pediatrician or their family doctor. Some pediatricians may 
do Ihe assessment themselves, but more often they refer the 
family to an appropriate specialist they know and trust. In 
addition, stale and local agencies that serve families and 
children, as wel l as some of Ihe volunteer organizations 
listed in the back ol this booklet, can help identify an 
appropriate specialist. 

Knowing the differences in qualifications and services 
can help the family choose someone who can best meel 
Iheir needs. Besides school psychologists, there are several 
types of specralisls qualif ied to diagnose and treat ADHD. 

160-761 - 94 - 2 : OL 3 
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Child psychiatrists are doctors who specialize in diagnosing 
and treating chi ldhood menial and behavioral disorders. A 
psychiatrist can provide therapy and prescribe any needed 
medications. Child psychologists are also qualified lo 
diagnose and treat A D H D . They can provide therapy for 
the chi ld and help Ihe family develop ways to deal with the 
disorder. But psychologists are not medical doctors and 
must rely on Ihe child's physician to do medical exams and 
prescribe medication. Neurologists, doctors who work 
wi th disorders of Ihe brain and nervous system, can also 
diagnose A D H D and prescribe medicines. Bui unlike 
psychiatrists and psychologists, neurologists usually do not 
provide therapy for the emotional aspects of the disorder. 
Adults who think they rnay have A D H D can also seek a 
psychologist, psychiatrist, or neurologist. But al present, 
nol all specialists are skilled in identifying or treating 
A D H D in adults. 

Wi th in each specialty, individual doctors and mental 
health professionals differ in Iheir experience with A D H D . 
So in selecting a specialist, it's imporlant lo l ind someone 
wi th specific training and experience in diagnosing and 
treating the disorder. 

Steps in making a diagnosis 
Whatever Ihe specialist's expertise, his or her first lask is lo 
gather information that w i l l rule out olher possible reasons 
(or the child's behavior. In ruling out olher causes, Ihe 
specialist checks the chi ld'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 emotional 
disorders, undetectable (petit mail seizures, and poor vision 
or hearing. Most schools automatically screen lor vision 
and hearing, so this information is often already on record. 
A doctor may also look for allergies or nutrit ion problems 
like chronic 'caffeine highs" that might make the child 
seem overly active. 

Next the specialist gathers information on tiie child's 
ongoing behavior in order to compare these behaviors lo 
the symptoms and diagnostic criteria listed in the DSM 
(Diagnostic and Statrstica' Manual of Menial Disorders). 

This involves talking wi th Ihe chi ld and il possible, 
observing the chi ld in class and in other settings. 

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

The specialist interviews Ihe child's leachers, parents, 
and olher people who know the chi ld wel l , such as school 
staff and baby-sitters. Parents are asked to describe their 
child's behavior in a variety of situations. They may also 
fil l out a rating scale lo indicate how severe and frequent 
Ihe behaviors seem lo be. 

In some cases, Ihe chi ld may be checked (or social 
adjustment and mental health. Tests o( inlelligence and 
learning achievement may be given lo see if Ihe child has a 
learning disability and whether Ihe disabililies are in all or 
only certain parts o( the school curr iculum. 

In looking at Ihe dala, Ihe specialist pays special 
attention to the child's behavior during noisy or 
unstructured situations, like parties, or during lasks lhat 
require sustained attention, like reading, working math 
problems, or playing a board game. Behavior during free 
play or whi le getting individual attention is given less 
importance in the evaluation. In such situations, most 
children wi th A D H D are able to control their behavior and 
perform wel l . 

The specialist then pieces together a profile of Ihe 
child's behavior. Which ADHD- l ike behaviors lisled in the 
DSM does Ihe chi ld show? How ollen? In what situations? 
How long has lhe chi ld been doing them? How old was 
Ihe chi ld when the problem started? Are the behaviors 
seriously interfering wi th the child's friendships, school 
activities, or home life? Does the chi ld have any other 
related problems? The answers lo these questions help 
identify whether Ihe child's hyperaclivi ly, impulsivity, and 
inallention are significant and long-standing. If so, Ihe 
chi ld may be diagnosed with A D H D . 
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Adults are diagnosed lor A D H D based on Iheir 
performance al home and al work. When possible, their 
parents are asked lo rale Ihe person's behavior as a child. 
A spouse or roommale can help rale and evaluate curient 
behaviors. But lor the mosl pari, adults are asked lo 
describe their own experiences. One syrnplorn is a sense 
of (lustration. Since people with A D H D are ollen bright 
and creative, Ihey often report feeling frustrated Ihdl Ihey're 
not l iving up lo Iheir polential. Many also feel restless and 
are easily bored. Some say Ihey need lo seek novelty and 
excitement to help channel the whir lwind in their minds. 
Although it may be impossible to document when Ihese 
behaviors first slarled, mosl adults with A D H D tan give 
examples of being inattentive, impulsive, overly active, 
impatient, and disorganized most of Iheir lives. 

Unti l recent years, adults were not thought to have 
A D H D , so many adults wi ih ongoing symptoms have never 
been diagnosed. People like Henry go lor decades 
knowing that something is wrong, but not knowing what it 
is. Psychotherapy and medication for anxiety, depression, 
or manic-depression (ail to help much, simply because lhe 
A D H D itself is nol being addressed Yet half the children 
wi th A D H D continue lo have symptoms through 
adulthood. The recent awareness of adull ADHD means 
that many people can finally be correctly diagnosed and 
treated. 

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

An effective treatment plan helps people with A D H D 
and their families al many levels. For adulls wi ih 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 right medication, and helping parents 
to manage their child's behavior. 

Children wi th A D H D have a variety of needs. Some 
children are too hyperactive or inatlenlive to function in a 
regular classroom, even wi ih medication and a behavior 
managpmenl plan. Such children may be placed in a 
special educaiion class lor all or part of Ihe day. In some 
schools, Ihe special educaiion teacher learns with Ihe 
classroom teacher lo meet each child's unique needs. 
However, mosl children are able to slay in the regular 
classroom. Whenever possible, educators prefer to not lo 
segregate children, but lo let them learn along with their 
peers. 

Children wi th ADI ID often need some special 
accommodations to help them learn. For example, the 
teachei may seal lhe chi ld in an area w i ih few distractions, 
provide an area where Ihe child can move around and 
release excess energy, or establish a clearly posted system 
ol rules and reward appropriate behavior. Sometimes just 
keeping a card or a picture on the desk can serve as a 
visual reminder to use Ihe right school behavior, like 
raising a hand instead of shouting out, or staying in a seat 
instead of wandering around the room. Giving a child like 
Lisa extra l ime on tests can make the difference between 
passing and fail ing, and gives her a fairer chance lo show 
what she's learned. Reviewing instructions or writ ing 
assignments on Ihe board, and even listing the books and 
materials they wi l l need for Ihe 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. Tell ing students in advance what 
they wi l l learn, providing visual aids, and giving written as 
wel l as oral instructions are all ways to help students focus 
and remember Ihe key parts of the lesson. 

Students wi th A D H D ollen need to learn techniques 
(or monitor ing and controll ing their own attention and 
behavior. For example, Mark's teacher taught him several 
alternatives (or when he loses track of what he's supposed 
lo do. He can look (or inslruclions on Ihe blackboard, 
raise his hand, wait to see if he remembers, or quietly ask 
another chi ld. The process of f inding alternatives to 
interrupting the teacher has made h im more self-sufficienl 
and cooperative. And because he now interrupts less, he is 
beginning to gel more praise than reprimands. 

What are 
the 
educations 
options? 
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In Lisa's class, Ihe teacher fiequenlly slops lo ask 
students lo notice whether Ihey aie paying allenlion lo the 
lesson or if Ihey are thinking about something else. Ihe 
students record their answer on a chart. As students 
become more consciously aware of Iheir attention, they 
begin to see progress and feel good about slaying beller 
focused. The process helped make Lisa aware of when she 
was dri f t ing o i l , so she could return her allenlion lo Ihe 
lesson faster. As a result, she became more productive and 
Ihe quality of her work improved. 

Because schools demand that children sit still, wait for a 
turn, pay attention, and stick wi th a task, it's no surprise 
that many children wi th A D H D have problems in class. 
Their minds are fully capable of learning, but Iheir 
hyperactivity and inattention make learning diff icult. As a 
result, many students with A D H D repeal a grade or drop 
out of school early. Fortunately, wi th Ihe right combination 
of appropriate educational practices, medication, and 
counseling, these outcomes can be avoided. 

Right to a free public education 
Although parents have the option of taking Iheir child lo a 
private practitioner for evaluation and educalional services, 
most children wi th A D H D qualify for free services within 
the public schools. Steps are taken to ensure thai each 
chi ld wi th A D H D receives an education lhat meets his or 
her unique needs. For example, the special educaiion 
teacher, work ing wi th parents, Ihe school psychologist, 
school administrators, and Ihe classroom teacher, must 
assess the child's strengths and weaknesses and design an 
Individualized Educational Program (IEP). The IEP outlines 
the specific skills the chi ld needs to develop as well as 
appropriate learning activities that bui ld on the child's 
strengths. Parents play an important role in the process. 
They must be included in meetings and given an 
opportunity to review and approve their child's IEP. 

Many children wi th A D H D or other disabilities are able 
to receive such special education services under the 
Individuals wi th Disabilities Education Act (IDEA). The Act 
guarantees appropriate services and a public education lo 
children w i th disabilities from ages 3 to 21 . Children who 
do not qual i fy for services under IDEA can receive help 
under an earlier law, lhe National Rehabilitation Acl, 
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Some coping strategies for 
teens and adults with ADHD 

When necessary, ask lhe teacher pr boss to repeat 'f .' • 
inslrucl ions, rather than guess. . ' ' 

Break large assignments or Job tasks into small, simple' 
tasks. Set a deadline for each task and reward yourself 
as you complete each one. ! 

•'in-
.71 

•*>! Each day, make a list of what you need l o do. Plan the 
best order for doing each task. Then niake|a.schedule for 
doing them. Use a calendar or da i l y j i l pnner to keep ' j , , 
yourself on t r a c k , , . ; : 

Work in a quiet area. :Do one thing at a t ime. Gl« '* ' ' , : :£ ' 

yourself short breaks, r. v ' r t ; ; f:,-.i.'i'•4W'w?"^:'^i^^' :3•4tV.5ii•'' 

. - V V . r. i v ' l ^ r ^ . . ^ , ; I;:?."' 
Wr i te things you need to remember! i i j ,a notebook yy th f t i 
dividers. Wr i te d i l lerent kinds of i n fo rma t i on - j i ke 

Post notes to yourself.to-help remind yourssl^of things ^ 
you need to <tay ^ 
the refrigerator, in your school lock jer /Vt dashboard of 
your car—wherever vou're^likelv l o need lhe remlnHerM ' ar—wherever, you ' re likely. l o need the r e i n i n d e r ^ n 

Store similar things logelher.^Forre<ample( k^ep ajhyout^ 

Nintendo disks In one place, and tapp'^as^t^Mjin . ^ i j it: 

another. Keep canceled checks In'one place, and bills in 

another,- , . .;: ;:' • ^ ^ i i ' ^ ^ ^ ^ ^ ' * ^ ' ^ ^ ^ r 

Create a, routine.'v tyitq!*3tf^ 
at the, 

Exercise/eat a balanced diet. 
. , ..... .t..-..M»;-,iM'»YvMp»M 

.: 1 -7r^'-^'V.tiVM^ 
Adapted;from^|;,y¥eii)Mein,^i| jr i*^ognit(v^l 
S t r a t e g i e s . * - ) y o u f n a / p / / ^ ^ ^ e f a a ^ g r j ( t ^ ( c e ^ a n t / | ^ 
/ f M M r d i ; j 3 ( 1 ) : ^ 5 ^ ? ? 4 | ! 
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Section 504, which defines disabililies more biuadly 
Qual i fy ing lor services under the Nalional Kehabilitalion 
Act is often called "504 el igibi l i ty." 

Because A D H D is a disability thai alfecls children's 
ability to learn and interact with others, il can cerlainly be 
a disabling condit ion. Under one law or anolher, most 
children can receive the services Ihey need. 

What 
treatments 
are 
available? 

For decades, medications have been used lo treat the 
symptoms of A D H D . Ih iee medications in Ihe class of 
drugs known as stimulants seem to be Ihe most effective in 
both children and adulls These are methy-lphenidate 
(Ritalin), dexlroamphelamine (De\edrine or'DeMroslal). and 
pemoline (Cylerl). For many people, these medicines 
dramatically reduce their hyperaciivity and improve Iheir 
abil ity to focus, work, and learn. The medicalions may 
also improve physical coordination, such as handwriting 
and ability in sports. Recent research by N IMH suggests 
that these medicines may also help children with an 
accompanying conduct disorder to control their impulsive, 
destructive behaviors. 

Ritalin helped Henry focus on and complete lasks lor 
Ihe first t ime. Dexedrine helped Mark lo 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 lo make and 
keep friends. 

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

For lasting improvement, numerous clinicians 
recommend that medicalions 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-lasling gains appear when medication is combined 
with behavioral therapy, emotional counseling, and 
practical support. Some studies suggest that Ihe combination 
of medicine and therapy may be more effective than drugs 
alone. N IMH is conducting a large study lo check lhis. 

Use of stimulant drugs 
Stimulant drugs, such as Ritalin, Cylert, and Dexedrine, 
when used wi th medical supervision, are usually 
considered quite safe. Although they can be addictive to 
teenagers and adulls if misused, Ihese medicalions are nol 
addictive in children. They seldom make children "high" 
or jittery. Nor do they sedate Ihe chi ld. Ralher, Ihe 
stimulants help children control their hyperaclivily, 
inattention, and olher behaviors. 

Different doctors use Ihe medicalions in slightly different 
ways. Cylert is available in one form, which naturally lasls 
5 to 10 hours. Ritalin and Dexedrine come in short-term 
tablets thai last about 3 hours, as wel l as longer-term 
preparations thai last through Ihe 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 imporlant exam. The sustained-release dosage frees the 
chi ld from the inconvenience or embarrassment of going to 
the office or school nurse every day for a p i l l . The doctor 
can help decide which preparation to use, and whether a 
chi ld needs lo lake the medicine during school hours only 
or in the evenings and on weekends, too. 

Nine out of 10 children improve on one of lhe three 
stimulant drugs. So if one doesn't help, Ihe others should 
be tried. Usually a medication should be tried for a week 
lo see if il helps. If necessary, however, the doctor wi l l 
also try adjusting Ihe dosage before switching lo a different 
drug. 

Other types of medication may be used il stimulants 
don't wo ik or if the A D H D occuis wi th another disoider. 
Antidepressants and olher medicalions may be used lo help 
control accompanying depression or anxiety. In some 
cases, antihistamines may be tried. Clonidine, a drug 

Many experts 
believe that 
the mosl 
significant, 
long-lasting 
gains appear 
when 

}• medication 
;, is combined 

with behavioral 
j therapy, , 

emotional 
counseling, and 
practical 

\i support..1 > 
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normally used lo treat hypertension, may be helpful in 
people wi th both ADI ID and lourelte's syndrome. 
Although stimulanls lend to be more effective, clonidine 
may be tried when stimulants don't work or can't be used. 
Clonidine can be administered either by pil l or by skin 
patch and has different side effects than stimulanls. 1 he 
doclot works closely wi th each patienl to find lhe mosl 
appropriate medication. 

Sometimes, a child's A D H D symptoms seem lo worsen, 
leading parents to wonder why. They can be assured lhai 
a drug lhat helps rarely stops working. However, ihey 
should work wi th the doctor lo check that lhe child is 
getting the right dosage. Parents should also make sure 
that the chi ld is actually gelling lhe prescribed daily dosage 
at home or at school —it's easy to (orgel. They also need lo 
know that new or exaggerated behaviors may also crop up 
when a chi ld is under slress. The challenges lhai all 
children face, like changing schools or entering puberty, 
may bfe even more stresslul for a chi ld w i ih ADHD. 

Some doctors recommend lhat children be laken off a 
medication now and then lo see if lhe chi ld slill needs it. 
They recommend temporarily stopping Ihe drug during 
school breaks and summer vacations, when focused 
attention and calm behavior are usually nol as crucial. 
These "drug holidays" work wel l if the chi ld can slill 
participate at camp or other activities without medication. 

Children on medications should have regular checkups. 
Parents should also talk regularly wi th Ihe child's teachers 
and doctor about how Ihe chi ld is doing. This is especially 
imporlant 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 Ihe olher 
stimulants have sparked a great deal of controversy. Mosl 
doctors feel the potential side effects should be carefully 
weighed against the benefits before prescribing the drugs. 
Whi le on these medicalions, some children may lose 
weight, have less appetite, and temporarily grow more 
slowly. Others may have problems falling asleep. Some 
doctors believe lhat stimulants may also make Ihe 
symptoms of Tourette's syndrome worse, although recent 

Myths about stimulant jnedication 

•Myth: Stimulants can lead lo drug addiction later'.'v 
in life. '•' '^V';-.-^ :W: >• i^A'-

F a c t ! . Stimulants help many children focus and be^ffj^i 
more successful at school, homeland playl Avoiding 
negative experiences now'may actually help prevent " 
addictions and other emotional problems later. 

• M y t h : Responding well, to a stimulant drug proyes'a'-

person has ADHD. - ^ ^ M M ^ M 

Fact: Stimulants allow: many people to>fpcus and paypi 

belter attention, whether or not th«y,,have,ADHD. 1̂ h 

improvement is just more;] • • • • • • * 

A D H D . 

• M y t h : Medication should be stopped vyhejthe 
r e a c h e s . a d o l ^ ^ 

. F a c t : Not sol About,50 percent p^thone/who'r 
medication as child^atUII^TC^^tUsiteenagers^Eifty 

i _ - J ! , ^ » I - . ' » T « J » J . 1 I . . I M B > ttK.r'jt!'*^ j 

mm 
percent need medication as adults,. 

research suggests this may not be true. Olher doctors say if 
Ihey carefully watch the child's height, weight, and overall 
development, Ihe benefits of medication far outweigh Ihe 
potential side effects. Side effects thai 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 polenlial risks of 
using these drugs. The child's pediatrician or psychiatrist 
can provide advice and answer questions. 

Anolher debate is whether Ritalin and other stimulant 
drugs are prescribed unnecessarily for loo many children. 
Remember thai many things, including anxiety, depression, 
allergies, seizures, or problems wi th Ihe home or school 
environment can make children seem overactive, 
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impulsive, or inatlenlive. Crilics afgue thai many cl i i ldien 
who do not have a true allenlion disorder are medicaled as 
a way lo control their disruptive behaviors. 

Medication and self-esteem 
When a child's schoolwork and behavior improve soon 
alter starting medication, Ihe chi ld, parents, and leachers 
tend to applaud the drug lor causing Ihe 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 Ihese changes 
possible. The chi ld must supply the effort and ability. To 
help children feel good aboul themselves, parents and 
leachers need to praise the chi ld, not the drug. 

It's also imporlant to help children and teenagers feel 
comfortable about a medication Ihey must lake every day. 
They may feel that because Ihey take medicine Ihey are 
different from Iheir classmates or lhai there's something 
seriously wrong with Ihem. CH A.D D (which stands lor 
Children and Adults with Atlcnt ion Deficit Disorders), a 
leading organization for people with attention disorders, 
suggests several ways lhat parents and leachers can help 
children view lhe medication in a positive way 

•Compare lhe pills lo eyeglasses, braces, and allergy 
medicalions used by other children in their class. 
Explain that their medicine is simply a lool lo help 
them focus and pay allenlion 

•Point out that ihey're lucky Iheir problem (.in be 
helped. Encourage them lo idenlify ways ihe mediune 
makes it easier to do Ihmgs lhai are iiripurl.int lo l l i rm, 
like make friends, s u t i r r d al s ihool , and pl.iy. 

Treatments to help people with ADHD 
and their families learn to cope 
Life can be hard lor children with A D H D Ihey're Ihe 
ones who are so ollen in trouble at srhool, i an I finish a 
game, and lose friends. Ihey may spend jgoi i iznig hours 
each night struggling to keep their mind on then 
homework, then forget lo bring it lo school. 
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It's nol easy coping with Ihese fruslralions day aller day. 
Some children release (heir frustration by acting contrary, 
starting fights, or destroying property. Some turn the 
frustration into body ailments, like Ihe chi ld who gets a 
stomachache each day before school. Others hold their 
needs and (ears inside, so that no one sees how badly Ihey 
feel. 

It'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 classroom with a child 
who has A D H D get frustrated, loo. They may feel 
neglected as Iheir parents or teachers try to cope with the 
hyperactive chi ld. They may resent Iheir brother or sister 
never finishing chores, or being pushed around by a 
classmate. They want to love their sibling and gel along 
wi th their classmate, but sometimes it's so hardl 

It's especially hard being the parent of a chi ld who is 
lul l of uncontrolled activity, leaves messes, throws 
tantrums, and doesn't listen or fol low instructions. Patents 
often feel powerless and at a loss. The usual methods of 
discipl ine, like reasoning and scolding, don't work wi th this 
chi ld, 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, r idicul ing, or screaming at Ihe chi ld, even (hough 
they know it's nol appropriate. Their response leaves 
everyone more upset than before. Then they blame 
themselves for nol being better parents. Once children are 
diagnosed and receiving treatment, some of the emotional 
upset w i lh in Ihe family may fade. 

Medication can help to control some of the behavior 
problems lhai may have lead to family turmoil . But more 
uflen, there are olher aspects of Ihe problem lhat 
medication can'l touch. Even though A D H D primarily 
affects a person's behavior, having the disorder has broad 
emotional repercussions, for some children, being scolded 
is Ihe only attention Ihey ever get. Ihey have few 
experiences that bui ld their sense of worth and 
competence. If Ihey're hyperactive, they're often told 
they're bad and punished for being disruptive. If Ihey are 
loo disorganized and unfocosed lo complete lasks, others 
may call them lazy. If ihey impulsively grab toys, butt in, 
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Children withi: 
ADHP:and g ) 

••rnay^need/;.;^^ 
special help to'-

f ^ ? V e l p R ^ i ^ ^ 
•techniquM^for^ 
managing 

^behavior.. $0$ 

or shove classmates, Ihey may lose friends. And if Ihey 
have a related conduct disorder, Ihey may gel in trouble al 
school or with Ihe law. Facing Ihe daily fruslralions lhai 
can come wi ih having A D H D can make people (ear lhai 
Ihey are strange, abnormal, or stupid. 

Oden, Ihe cycle of frustration, blame, and anger has 
gone on so long lhat it w i l l take some lime lo undo. Both 
parents and their children rnay need special help to 
develop techniques for managing the patterns ol behavior. 
In such cases, mental health professionals can counsel Ihe 
chi ld and the family, helping Ihem to develop new skills, 
attitudes, and ways of relating to each other. In 
individual counseling, Ihe therapist helps children or adulls 
wi th A D H D learn lo (eel beller aboul themselves. Ihey 
leam to recognize lhat having a disability does not reflect 
who they are as a person. The therapist can also help 
people wi th A D H D identify and build on their strengths, 
cope wi th daily problems, and conlrol their allenlion and 
aggression. In group counseling, people learn lhat Ihey are 
not. alone in their frustration and that others want lo help. 
Sometimes only Ihe individual wi th A D H D needs 
counseling support. Bui in many cases, because Ihe 
problem affects Ihe family as wel l as Ihe person with 
A D H D , Ihe entire family may need help. The therapist 
assists the family in f inding better ways to handle the 
disruptive behaviors and promote change. If (he chi ld is 
young, mosl of the therapist's work is wi th the parents, 
teaching them techniques for coping w i ih and improving 
Iheir child's behavior. 

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

P s y c h o t h e r a p y works to help people with A D H D lo 
like and accept themselves despite their disorder. In 
psychotherapy, patienls talk with the therapist about 
upsetting thoughts and feelings, explore self-defeating 
patterns of behavior, and learn allernative ways to handle 
their emotions. As they talk, the therapist tries to help 
them understand how they can change. However, people 

dealing w i ih A D H D usually want lo gain conlrol of Iheir 
symplomatic behaviors more directly. If so, more direct 
kinds of intervention are needed. 

Cognitive-behavioral therapy helps people work 
on immediate issues. Rather than helping people 
understand Iheir feelings and actions, it supports them 
directly in changing iheir behavior. The support might be 
practical assistance, like helping Henry learn to think 
through lasks and organize his work. Or Ihe support might 
be lo encourage new behaviors by giving praise or rewaids 
each l ime Ihe person acls in Ihe desired way. A 
cognitive-behavioral therapist might use such techniques to 
help a belligerent chi ld like Mark learn lo control his 
fighting, or an impulsive teenager like Lisa to think before 
she speaks. 

S o c i a l s k i l l s t r a i n i n g can also help children learn 
new behaviors. In social skills training, the therapist 
discusses and models appropriate behaviors like waiting lor 
a turn, sharing toys, asking for help, or responding to 
leasing, (hen gives chi ld ien a chance lo praciice. For 
example, a chi ld mighl learn lo "read" olher people's facial 
expression and tone of voice, in order to respond more 
appropriately. Social skills training helped Lisa learn lo 
jo in in group activities, make appropriate comments, and 
ask for help. A chi ld like Mark might learn to see how his 
behavior affects others and develop new ways lo respond 
when angry or pushed. 

S u p p o r t g r o u p s connect people who have common 
concerns. Many adulls wi th A D H D and parents ol children 
with A D H D find it useful to join a local or national support 
group. Many groups deal wi th issues of children's 
disorders, and even A D H D specifically. The nalional 
associations lisled al Ihe back of lhis booklet can explain 
how lo contact a local chapter. Members of support 
groups share frustrations and successes, referrals to 
qualif ied specialists, and information about what works, as 
wel l 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 
Ihey aren't alone. 
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Parenting skills training, offered by iherjpisis or in 
special classes, gives parents tools and ledtniques lur 
managing Iheir child's behavior. One such technique is 
Ihe use of " l ime out" when the chi ld becomes loo uniuly 
or oul ol control. During time ouls, lhe child is removed 
from the agitating situalion and sits alone quietly lor a shod 
l imb lo calm down. Parenls may also be taught to give Ihe 
chi ld "quality t ime" each day, in which they share a 
pleasurable or relaxed activity. During this lime together, 
Ihe parent looks for opportunities lo notice and point oul 
whbt Ihe chi ld does wel l , and praise his or her slrenglhs 
and abilities. 

An efleclive way to modify a child's behavior is through 
a system of rewards and penalties. Ihe parenls (or leacher) 
idenlify a lew desirable behaviors that they want lo 
encourage in the child —such as asking for a toy instead of 
grabbing it, or completing a simple lask. The child is lold 
exactly what is expected in order lo earn lhe reward. Ihe 
child receives Ihe reward when he performs lhe desired 
behavior and a mi ld penally when he doesn't. A reward 
can be small, perhaps a loken thai can be exchanged lor 
special privileges, but il should be somelhing lhe child 
wants and is eager lo earn The penally might be removal 
ol a token or a brief " l ime out." The goal, over lime, is lo 
help children learn lo conlrol Iheir own behavior and to 
choose Ihe more desired behavior. Ihe technique works 
wel l wi th all chi ldren, although children with ADHD may 
need more frequent rewards 

In addit ion, parenls may learn lo structure silualions m 
ways lhat w i l l allow their chi ld to succeed, lhis may 
include al lowing only one or two playmates at a l ime, so 
lhat their chi ld doesn't gel overslimulaled. Or if Iheir chi ld 
has trouble complet ing tasks, Ihey may learn lo help Ihe 
chi ld divide a large lask inlo small sleps, then praise Ihe 
chi ld as each step is completed. 

Parenls may also learn lo use slress management 
methods, such as meditation, relaxation techniques, and 
exercise to increase Iheir own tolerance for (ruslialion, so 
that they can respond more calmly lo (heir child's behavior. 

Controversial treatments 
Underslandably, parenls who are eager lo help Iheir 
children wanl lo explore every possible option. Many 
newly touted Irealmenls sound reasonable. Many even 
come wi th 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 thai have not been 
scienli l ically shown lo be effective in treating the majority 
of children or adulls w i ih A D H D : 

• biofeedback 
• restricted diets 
• allergy treatments 
• medicines to correct problems in the inner ear 
• megavilamins 
• chiropractic adjustment and bone re-alignment 
• treatment (or yeast infection 
•eye training 
• special colored glasses 

A (ew success stories can't substitute (or scientilic 
evidence. Unti l sound, scientific testing shows a trealment 
lo be effective, families risk spending time, money, and 
hope on fads and false promises. 
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Sustaining Hope 

Mark 
Today, at age 14, Mark is doing much belter in school, t ie 
channels his energy inlo spoils and is a star player on lhe 
intramural football team. Although he slill gels into fights 
now and then, a chi ld psychologist is 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, ' W e knew he'd turn out just f inel" 

Lisa 
Lisa Is about to graduaie from high school. - She's beller 
able lo focus her attention and concentrate on her work, so 
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 Ihe right kind of job to look for aller 
graduation. She hopes to find a career lhai wi l l bypass her 
attention problems and make Ihe 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 lo 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 beller at home and at school. Henry 
is also pleased wi th his new ability to fol low through on 
projects. In fact, he just finished making his son a beautiful 
wooden toy chest for his birthday. 

Even though mosl people don't outgrow ADHD, people do 
learn to adapt and live fulf i l l ing lives. Mark, Lisa, and 
Henry are making good lives for themselves—nol by being 
cured, but by developing Iheir personal strengths. Wi ih 
effective combinaiions of medicine, new skills, and 
emotional support, people wi th A D H D can develop ways 
lo conlrol their attention and minimize Iheir disruptive 
behaviors. Like Henry, they may (ind that by structuring 
tasks and controll ing their environmenl, Ihey can achieve 
personal goals. Like Mark, they may learn to channel their 
excess energy inlo sports and olher high energy activities. 
And like Lisa, they can identify career options that build on 
their strengths and abilities. 

As they grow up, w i th appropriate help from parenls 
and clinicians, children with A D H D become beller able to 
suppress their hyperaciivity and to channel il into more 
socially acceptable behaviors, l ike physical exercise or 
fidgeting. And although we know that half of all children 
with A D H D w i l l still show signs of the problem into 
adulthood, we also know that the medications and therapy 
thai help children also work for adults. 

Al l people wi th A D H D have natural talents and abilities 
lhat Ihey can draw on lo create fine lives and careers for 
themselves. In (act, many people with A D H D even (eel 
that their patterns of behavior give them unique, oden 
unrecognized, advantages. People with A D H D tend lo be 
outgoing and ready for action. Because of their drive for 
excitement and stimulation, many become successful in 
business, sports, construction, and public speaking. 
Because of Iheir ability lo think about many things at once, 
many have won acclaim as artists and inventors. Many 
choose work that gives them freedom to move around and 
release excess energy. But some find ways to be efleclive 
in quieter, more sedentary cateers. Sally, a computer 
programmer, found lhat'she thinks best when she wears 
headphones to reduce distracling noises. Like Henry, some 
people strive to increase their organizational skills. Others 
who own Iheir own business f ind it useful to hire support 
staff to ptovide day-to-day management. 

Can AD HI 
be 
outgrown 
or cured? 
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What hope 
does 
research 
offer? 
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theml^of|gg 
the brain, in.'. j^. 
ADHD a n d ^ 
effective • 'T.^j 
treatments forX I 
the disorder. 

Although no immediate cure is in sight, a new 
understanding of A D H D may be just over Ihe hurizon. 
Using a variety of research tools and methods, scientists are 
beginning lo uncover new informalion on Ihe role ol Ihe 
brain in A D H D and efleclive treatments for Ihe disorder. 
Such research wi l l ull imately result in improving the 
personal fulf i l lment and productivi ly of people with ADHD. 

For example, the use of new lechniques like brain 
imaging to observe how the brain actually works is already 
providing new insights into the causes of ADHD. Other 
research is seeking to identify conditions of pregnancy and 
early chi ldhood lhat may cause or contribute lo Ihese 
dillerences in the brain. As the body ol knowledge grows, 
scientists may someday learn how lo pievenl ihese 
differences or al least how lo Ireat Ihem. 

N I M H and the U.S. Department of Education are 
cosponsoring a large nalional sludy—Ihe first of ils kind—lo 
see which combinations of A D H D treatment work best for 
differenl types of children. During this 5-year sludy, 
scientists al research clinics across Ihe country wi l l work 
together in gathering data to answei such questions as: Is 
combining stimulant medication with behavior modification 
more efleclive than either alone? Do boys and girls 
respond differently lo trealment? How do family stresses, 
income, and environment affect the severity of A D H D and 
long-term outcomes? Flow does needing medicine affect 
children's sense of competence, self-control, and 
self-esteem? As a result of such research, doctors and 
mental health specialists may someday know who benefits 
most (rom different types of treatment and be able lo 
intervene more effectively. 

N I M H grantees are also trying lo determine if there are 
different varieties of allenlion deficit. Wi th furlher sludy, 
researchers may find that A D H D actually covers a number 
of different disorders, each wi ih ils own cluster of 
symptoms and trealment requirements. For example, 
scientists are exploring whether there are any critical 
dilferences between children wi th A D H D who also have 
anxiety, depression, or conduct disorders and those who do 
not. Olher researchers are studying slight physical 
differences lhat might distinguish one type of ADHD from 

another. II clusters of dillerences can be lound, scientists 
can begin lo distinguish the treatment each type needs. 

Olher NIMH-sponsored research is examining Ihe 
long-term outcome o( ADHD. How do children with 
A D H D turn out, compared to brothers and sisters without 
Ihe disorder? As adulls, how do Ihey handle Iheir own 
children? Slil l olher studies seek to better understand 
A D H D in adulls. Such studies give insights inlo what types 
of treatment or services make a difference in helping an 
A D H D chi ld grow into a caring parent and a 
well- functioning adult. 

Animal studies are also adding to our knowledge of 
A D H D in humans. Animal subjects make it possible to 
study some of Ihe possible causes of A D H D in ways lhat 
can't be studied in people. In addition, animal research 
allows the safely and eHectiveness of expeiimental new 
drugs lo be tested long before they can be given lo 
humans. One NIH-sponsored team of scientists is studying 
dogs to learn how new stimulant drugs lhat are similar lo 
Ritalin act on Ihe brain. 

Piece by piece, through studies of humans and animals, 
scientists are beginning lo understand Ihe biological nature 
of attention disorders. New research is al lowing 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 
certain brain and mental disorders, make valid diagnoses, 
and treat 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, leachers, and families to 
understand and cope w i ih allenlion disorders. The 
fo l lowing resources provide a good starting point for 
gaining insight, practical solutions, and support. Other 
resources are outpatient clinics of children's hospitals, 
university medical centers, and communi iy mental health 
centers. Addit ional printed information can be lound at 
libraries and book stores. 

What are 
sources of 
informatio 
and 
support? 
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floods (or children and teens 

Calvin, M. O l io (.earns aboul Ins Medication New Yoik: 
Magination Press, 1988. (lor young cliildren) 

Cehrel, ). Learning Disabililies and lhe Don'l Give Up 
Kid. Fairporl, New York: Verbal linages Cress, 1990. 
(for classmates and children with learning disabilities 
and attention difficulties, ages 7-12) 

Gordon, M. lumpm' lohnny. Gel Back lo Workl A Child's 
Guide to ADHD/Hyperac l iv i ly . DeWilt , New York: 
CSI 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: Universiiy of Washington Press, 1985. 

Moss, D. She//y (he Hyperactive Turtle. Rockville, MD: 
Woodbine House, 1989. (lor young children) 

Nadeau, K., and Dixon, E. Learning lo Slow Down and 

Pay A[(en(ion. 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 Slern, ). Pulling on the Brakes: Young 
People's Guide to Understanding Allenlion Deficil 
Hyperactivity Disoider. New York. Maginalion Piess, 
1991. ((or ages 8-12) 

Thompson, M. My Brother Matthew. Rockville, MD: 
Woodbine House, 1992. 

floods for adults with attention disorders 

Adelman, P., and Wren, C. Learning Disabilities, Graduaie 
School, and Careers: The Student's Perspective. Lake 
Forest, IL: Learning Opportunities Program, Baral 

College, 1990. 
Hal lowel l , E., and Ratey, ). Driven 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. Vou Mean I'm Nol Lazy, 

Stupid, or Crazylt Cincinnati, O H . Tyrell and Jeremy 
Press, 1993. 

Weiss, G., and Hechtman, V. (eds). Hyperactive Children 
Crown Up. 2d ed. New York: Guilford Press, 1992. 

Weiss, L. /Attention Defici l Disorder in Adulls. Dallas, TX: 
Taylor Pub. Co., 1992. 

Wender, P. The Hyperactive Child, Adolescence, arid 
Adult- AlterUion Deficit Disorder Through the 
Lifespan. New York: Oxford Universiiy Press, 1987. 

Books for parents 

Anderson, W.; Chitwood, S.; and Hayden, D. Negotiating 
lhe Special Education Maze: A Guide for Parenls and 
Teachers. 26 ed. Rockville, M D : Woodbine House, 
1990. 

Bain, L. A Parent's Guide lo At lent ion Defici l Disorders. 
New York: Dell Publishing, 1991. 

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

Chi ld Psychopharmacy Cenier, Universiiy of Wisconsin. 
Stimulants and Hyperactive Children. Madison: 1990. 
Order by calling (608) 263-6171. 

Copeland, E., and Love, V. Atlention, P/easel: A 
Comprehensive Guide lor Successfully Parenting 
Children with Attention Disorders and Hyperaciivity. 
Atlanta, CA: SPI Press, 1991. 

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

Goldstein, S., and Goldstein, M . Hyperact/Vily: Why 
Won't M y Chi ld Pay Allenlion? New York: |. Wiley, 
1992. 

Greenberg, G.; Horn, S.; and Wade F. Allenlion Deficit 
Hyperactivity Disorder: Questions & Answers lor 
Parenls. Champaign, IL: Research Press, 1991. 

Ingersoll, B., and Goldstein, S. Al lenl ion Defici l Disorder 

and teaming Disabilities: Realities, Myths, and 
Controversial Treatments. New York: Doubleday, 1993. 

Moss, R., and Dunlap, H. Why johnny Can't Concentrate: 

Coping wi ih Al lenl ion Defici l Problems. New York: 
Bantam Books, 1990. 

Kennedy, P.; Terdal, L.; and Fusetli, L. The Hyperactive 
Child Book. New York: St. Marlrin's Press, 1993. 

Silver, L. Dr. Silver's Advice to Parents on 
Allenl ion-Defici l Hyperactivity Disorder. Washington, 
DC: American Psychiatric Press, 1993. 

Vail, P. Smarl Kids with School Problems. New York: EP 
Duttbn, 1987. 
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Wilson, N. Opt imiz ing Special Educaiion: How Parents 
Can Make a Difference. New York: Insight Books, 
1992. 

Windell, J. Discipline: A Sourcebook of 50 Failsafe 
Techniques for Parenls. New York: Collier Books, 1991. 

Other resources 

For individuals wi th a computer and modem, there are 
on-line bulletin boards where parents, adults with A D H D , 
and rhedical professionals share experiences, olfer 
emotional support, and ask and respond to questions. 
Two Such on-line services include CompuServe 1(800) 
848-8990) and America Onl ine [(800) 827-6364). You may 
also wish to check with other national and local on-line 
communications companies to see if they offer similar 
services. 

Resources for teachers and specialists 

Barkley, R. Attention Defici l Hyperactivity Disorder (four 
40-minute videocassettes in VHS formal). New York: 
Gui l ford Publications, 1990. 

Copeland, E., and Love, V. Al lenl ion Without Tension: A 
Teacher's Handbook on Attention Disorders. Atlanta, 
GA: 3 C's of Chi ldhood, 1992. 

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

Johnson, D. / Can't Sit Still—Educating and Al lnming 
Inattentive and Hyperactive Childien: Suggestions for 
Parenls. Teachers, and Other Care Piovidcn u l 
Children to Age 10. Sanla Crur, CA EIR Associates, 
1992. 

Parker, H The A D D //yperactrwty Handbook lor Schools. 
Plantation, FL: Impact Publications, 1992. 

Related materials available from NIH 

Al lenl ion Deficit Disorder Information Pac ket and Know 
Your Brain Fad Sheet Both are available from NIH 
Neurological Institute, P O Box S80t; Bethesda, MD 
20824 (800) 352 9424 

Learning Disabilities (NIH Pub. No. 93-361 1) and Plain 
Talk about Depression (NIH Pub. No. 93-3561). These are 
available by conlacling: N IMH, Room 7C-02, 5600 Fishers 
Lane, Rockvil le, M D 20857. 

Support groups and organizations 
Attention Deficit Informalion Network (Ad-IN) 
475 Hil lside Avenue 
Needham, MA 02194 
(617) 455-9895 
Provides up-to-date information on current research, 
regional meetings. Offers aid in finding solutions lo 
practical problems faced by adults and children with an 
attention disorder. 

A D D Warehouse 
300 NW 70lh Avenue 
Plantation, FL 33317 
(800) 233-9273 
Distributes books, tapes, videos, assessment on attention 
deficit hyperactivity disorders. A central location for 
ordering many of the books listed above. Call for catalog. 

Center for Mental Health Services 
Office of Consumer, Family, and Public Information 
5600 Fishers Lane, Room 15-105 
Rockville, M D 20857 
(301) 443-2792 
7/iis national center, a component of the U.S. Public 
Health Service, provides a range o f information on menial 
health, (reatment, and support services. 

Children and Adulls with Attention Deficit Disorders 
(CH.A.D.D.) 
499 NW 70th Avenue, Suite 109 
Plantation, FL 33317 
(305) 587-3700 
A ma/or advocate and key informalion source for people 
dealing with allenlion disorders. Sponsors support groups 
and publishes two news/elters concerning attention 
disorders for parents and professionals. 
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Council for Exceptional Chi ldien 
11920 Association Drive 
Reston, VA 22091 
(703) 620-3660 
Provides publications for educators. Can also provide 
referra/ to ERIC (Educalional Resource Infonnalion Cenier) 
Clearinghouse lor Handicapped and Cilled Children. 

Federation of Families for Children's Mental Health 
1011 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 Cenier 
American Council on Education 
1 Dupont Circle, Suite 800 
Washington, DC 20036 
(800) 544-3284 
A national clearinghouse on post-high school educaiion lor 

people with disabililies. 

Learning Disabilities Association of America 
4156 Library Road 
Pittsburgh, PA 15234 
(412) 341-8077 
Provides information and referral to state chapters, parent 
resources, and local support groups. Publishes news briefs 
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 (or Learning Disabilities 
99 Park Avenue, 6th Floor 
New York, NY 10016 
(212) 687-721 1 

Provides referrals and resources. Publishes "Their World" 
magazine describing true stories on ways children and 
adults cope wi th LD. 

National Clearinghouse (or Alcohol and Drug Information 
P.O. Box 2345 
Rockvil le, M D 20847 
(800) 729-6686 
Provides information on (he risks of alcohol during 
pregnancy, and fetal alcohol syndrome. 

Nalional Informalion Center for Children 
and Youth wi th Disabilil ies (NICHCY) 
P.O. Box 1492 
Washington, DC 20013 
(800) 695-0285 

Publishes free, facl-fil/ed newsletters. Arranges workshops. 
Advises parents on the laws entitling children with 
disabilities to special educaiion and olher services. 

Sibling Information Network 
A.). Pappanikou Center 
1776 Ellington Road 
Soulh Windsor, CT 06074 
(203) 648-1205 

Publishes a newsleller (or and aboul siblings of children 
with special needs. 

Touretle Syndrome Association 
42-40 Bell Boulevard 
Bayside, NY 11361 
(718) 224-2999 

Stale and local chapters provide nalional informalion, 
advocacy, research, and support. 
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READING DISABILITY 
G. Reid Lyon and Vinita Chhabra 
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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 outlined. c 1996 Wiley-Liss, Inc.* 
MRDD Research Reviews 2: 2-9 
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O f all the learning disabilities, reading disabilities have the 
richest clinical and experimental history. Many sources 
provide fine-grained analyses of historical and current 

studies of reading disabilities, including their clinical presentation 
[Wiederholt. 1974: Libemian. 1989; Shankweiler and Liberman, 
1989: Adams. 1990; Dons. 1993), definition and classification 
[Fletcher and Moms. 1986; Hooper and Willis. 1989. Moms, 
1993; Lyon, 1995a. 1995b], neurobiological foundations [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 [Lyon, 1985a, b; Beminger, 
1994; Beminger and Abbot, 1994; Torgesen etal., 1992]. These 
sources should be consulted for a 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 Lyon, 
1995a for a rationale for this criterion). 

AMBIGUOUS DEFINITIONS A N D T H E STATE 
OF T H E SCIENCE I N R E A D I N G DISABILITY 

Despite longstanding recognition of reading disorder as a 
clinical entity that has significant deleterious effects on children 
and adults, converging empirical suppon for reading disability- as 
a valid diagnosnc concept has been slow to emerge. The 
difficulty in establishing a strong empincal scientific base for 
reading disability can be pnmarilv attributed to the field's 
recalcitrance in establishing an objective, inclusionary definition 
and classification system for the disorder [Fletcher and Morris, 

e 1 9 9 6 W i l e y - L i s s , I nc . -This article is a US Government work and, 
as such, is in the public domain in the United States of America. 

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

As we have pointed out elsewhere [Lyon. 1995a], a precise 
and inclusionary definition is critical for at least three reasons. 
First, accurate identification of reading disability requires that the 
key symptoms and charactenstics 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 cnteria that an 
operational definition provides, research examining the causes 
and consequences of reading disability, the existence of different 
types 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 in capricious clinical decision-making. For 
example, when definitional cntena are ambiguous and unsup­
ported by research findings, the basis for assigning suppon 
services are unclear and numerous inequities exist with respect to 
who does and does not receive special education. Traditional 
definitions of reading disability have contributed to the loose 
conceptual and theoretical thinking about dyslexia. 

Historically, early definitions of reading disability or 
dyslexia have been exclusionary [see Fletcher and Moms. 1986]. 
Within this context, reading disability is identified i f the 
difficulty in reading exists in the absence of other problems (e.g., 
mental retardation or sociocultural deprivation) that could lead 
to it. As Rmter (1978] pointed out. an exclusionary definition 
" . . . not only fails to add conceptual clanty. but also implies that 
dyslexia (or reading disability) cannot be diapiosed in a child 
from a poor or unconventional background. In short, it suggests 
that if all the known causes of reading disability can be ruled out, 
the unknown (in the form of dvslexia) should be invoked" 
(p. 42). 

Addr«* rcpnnt rcqunti 10 Dr. C. Kcid Lvon, M m i buildint;. Kinmi -lU'O. 
Rockville I'ikc. licrhc^Ai. \1I>2«>K92 



In addition, many early definitions 
such as those advocated by the United 
States Omce of Educanon [USOE, 1977). 
cast the identification of reading disability 
into the broader category of learning 
disabilities. As Stanovich [1993| has 
argued, attempting to define reading 
disability via the general characteristics set 
out for the extremely heterogeneous 
category of learning disabilities w ill result 
in vague and ambiguous cntena for 
subject selection—a process guaranteed 
to obscure any legitimate scientific discov­
er.- about the reading process. It should 
also be stressed that a number of classifica­
tion scientists [Fletcher ec al., 1993; Lyon, 
1995a, 1995b] have pointed out that even 
domain-specific definitions of reading 
disabiiir.- 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 cntena 
that are difficult to operationalize. In 
addition, these definitions continue to 
recommend the use ot IQ-reading 
achievement discrepancy data in the 
diagnostic process—a recommendation 
that recent research suggests is invalid. 

Another issue that has confounded 
scientific progress in reading disability 
relates to measurement practices designed 
to operationalize the construct of unex­
pected underachievement that is inherent 
in most definitions ot reading disability. 
Unexpected underachievement in read­
ing simply refers to the notion that 
deficits in reading are.hypothesized to be 
unexpected, and thus can not be pre­
dicted by a child's age. intelligence, other 
academic abilities, exposure to instruc­
tion, or sociocultural opportunities. Typi­
cally. IQ-reading achievement discrep-
ancy formulas have been employed to 
provide an objective analysis of the 
degree of relationship between individu­
als' general cognitive ability (i.e., IQ) and 
their reading performance. The more 
disparate the two scores, the greater the 
degree of unexpected underachievement. 

For at least two major reasons, an 
IQ-reading achievement discrepancy is 
an inappropnate and invalid marker for 
reading disability. First, it is not clear how 
IQ-achievement discrepancies are to be 
operationalized and defined [Lvon. 1987, 
1988; Aaron. 1989; Share et al., 1989; 
Zigmond. 1993]. For example, which IQ 
score and which IQ measure should be 
employed? Is the Full Scale IQ the most 
appropriate metric, or should the Verbal 
or Performance IQ be used as the 
measure of aptitude or potential ability to 
read; In addition, 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 employed or 
should one apply a formula that derives 
the difference benveen expected and 
actual achievement levels based on the 
regression of IQ and achievement 

Although these psychometnc issues 
are debated, the second and more impor­
tant question is whether IQ-achievement 
discrepancies, no matter how they are 
measured, tell us anything about reading 
disability. Apparently they do not. If one 
defines reading disabiiir.- as deficits 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 IQ 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 et al.^1989; Siegel, 1989; Fletcher. 
1992: Fletcher et al., 1994; Francis et al.. 

Traditional definitions of 
reading disability have 
contributed to the loose 

conceptual and theoretical 
thinking about dyslexia. 

19941, phonological skills (Fletcher et al.. 
1994: Stanovich dv Siegel. 1994, Shank­
weiler et al.. 1 995). genetic charactenstics 
[Pennington et al.. 1992; Pennington. 
1995]. or neurological charactenstics 
[Stanovich and Siegel, 1994]. Simply put, 
reading disability involving deficits in 
reading single words is not correlated in 
any way with IQ discrepancy. This lack 
of validitv demonstrated for IQ-reading 
achievement discrepancies does not, at 
least at this point, obviate the conceptual 
notion that the reading deficits observed 
TrrchiWren Avith readmg disability can be 
characterized as unexpected. As Stanov­
ich [1991] has pointed out. the critical 
task will be to identify the most valid 
predictor ot an individual's potential to 
read at the single-word level. Thus, it is 
quite possible that reading disability may­
be characterized by poor decoding and 
word recognition against a background of 
other cognitive and academic strengths 
(e.g.. listening comprehension), but not 
expressed as an IQ-reading achievement 
discrepancy. Clearly, the state of science 

in reading disabilitv will be advanced a* 
the issue of unexpected underachieve­
ment is clantied 

SCIENTIFIC PROGRESS 
A N D M O M E N T U M 
I N R E A D I N G DISABILITY 

With the increasing recognition 
that studies on children identified a* 
having reading disabilitv via exclusioiutA 
definitions typically lead to difficulties m 
replicating results, more recent research 
effons have begun to investigate reading 
difficulties in well-defined samples within 
the context ot prospective, lonptudinal 
designs. In contrast to studies of children 
in schools and clinics who previouslv 
were defined as having reading disahihrv 
on the basis of inconsistent defuiition.il 
and diagnostic critena (i.e., using 1Q-
reading achievement discrepancies), inves­
tigations based on prospective, lonptudi­
nal designs can provide an opponumtv 
for the same children to be initially 
studied as thev enter the first grade and 
then repeatedly observed over time. 
Thus, there is no need for a pnon 
assumptions about what reading disability 
is, particularly if children are initially 
identified dunng preschool or the first 
grade, then studied for several years 
within a wide range of cognitive, linguis­
tic, neurobiolopcal, and genetic con­
texts. In essence, this type of design 
allows the researcher to test hypotheses 
about which classification and defini­
tional cntena are the most valid. Prospec­
tive, lonptudinal studies of reading disabil­
ity can therefore serve as a research 
platform to attain a number of goals, 
including identification of critical cogni­
tive, academic, and behavioral diagnostic 
charactenstics that may be manifested in 
different ways at different developmental 
penods; identification of neurobiological 
and genetic 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
ity; identification of comorbidities and 
secondary behavioral consequences that 
develop in response to reading disability; 
and assessment of the efficacy of different 
treatment and intervention methods. 

Dunng the past decade, the Na­
tional Institute of Child Health and 
Human Development (NICHD) within 
the National Institutes of Health (NIH) 
has undertaken a substantial effon to 
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conduct longitudinal research to achieve 
these goals. Specifically, in addition to a 
comprehensive 30-year NICHD study of 
lancuage and reading ability/disability 
undenvav since 1966 at the Haskins 
Laboratory, the NICHD supports Learn­
ing Disability Research Centers at Yale 
University, the University of Colorado, 
and Johns Hopkins University; Dyslexia 
Research Projects at the Bowman Gray 
School of Medicine, Yale University, the 
University of Colorado, and Beth Israel 
Hospital/Harvard University; and Read­
ing Disability Treatment/Intervention 
Research Projects at Florida State Univer­
sity and the University of Houston. 
Additional Learning Disability Research 
Centers at the University' of Washington, 
Seatde, and Children's Hospital in Bos­
ton (Harvard) came on line in December 
1995. 

The comprehensive multidisci­
plinary longitudinal investigations under­
taken at these sites (with the exception of 
those at Beth Israel, which are animal 
studies) have obtained converging data 
indicating that deficits in phonological 
processing reflect a core cognitive deficit 
in reading disability; that illuminate the 
neurobiological and genetic 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 ot the disorder 
[see Lyon. 1995b]. 

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, pediatncians, neu­
ropsychologists, radiologists, and educa-

Reading Disability 
Is a Language-Based Disorder 

Data derived from a substantial 
number of well-designed studies indicates 
that reading disability typically reflects 
insufficient phonological processing abili­
ties [Liberman and Shankweiler, 1985; 
Adams. 1990; Brady & Shankweiler. 
1991; Liberman. 1992: Stanovich, 1993; 
Fletcher et al., 1994; Share and Stanov­
ich, 1995]. 

A phoneme is the smallest unit of 
functional sound. Our apprehension of 
these segments within running speech is 
made possible by our abilm to process 
phonological infonnation within our 
brains. Phonological processing has been 
conceptualized as encompassing at least 
three different components or skills: 
phonological awareness, typically assessed 
by phoneme deletion and rhyming tasks; 

phonological recoding in lexical access, 
which can be assessed by rapid naming 
tasks; and phonenc recoding in working 
memory, which can be measured by 
digit- 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 practical 
sense, phonological awareness is essential 
in enabling children to map, or translate, 
printed symbols Oetters and lener pat­
terns) to sound. I f children cannot 
perceive the sounds in spoken words— 
for example, i f they cannot "hear" the 
"at" sound in "fat" and "cat" and 
perceive that the difference between 
these sound segments lies in the first 
sound, they will have difficulty decoding 
words accurately and fluendy [Beck and 
Juel, 1995]. 

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 
Torgcson. 1987; Catts. 1989; Brady and 
Shankweiler. 1991; Stanovich, 1993; 
Olson et al., 1994; Torgesen. 1996]. 
Indeed, the nature of the English onhog-
raphy and its alphabetic charactenstics 
rely on this linguistic ability, which 
allows the reader to segment words into 
their constituent phonemes. The begin­
ning reader must be conscious of the 
sound segments in syllables and words 
and must be able to manipulate them on 
demand. Such awareness is cntical if one 

wishes to rhyme words, speak in " pig-
latin," segment words into syllables and 
svllables into sounds, and. most impor­
tantly, to decode and recognize word> 
accurately, automatically, and fluentiv. 
Simplv put. limitations in phonolopcal 
awareness lead to slow, labored, and 
inaccurate decoding of words, which, in 
tum. leads to poor reading comprehen­
sion (Lvon. 1995a]. 

Additional candidate linguistic and 
visual processes have been implicated in 
reading disabilitv. For example. Wolf and 
her associates [Wolf et al.. 19S6; Wolf. 
1986. 1991] have argued that reading 
deficits can also be caused by visual 
naming-speed deficits, or impairments in 
precise timing processes underlying rapid 
retrieval of names for visual svmbols. 
According to Bowers and Wolf [1993], 
children with both visual naming-speed 
deficits and phonological deficits are the 
poorest readers, but childten with eithet 
deficit alone are significantly less capable 
in reading than are youngsters who are 
phonologically adept and rapid namers. 

In another line of research. Tallal 
and her associates [Tallal and Piercy, 
1973; TaUal, 1980. 1988] have suggested 
that the same verbal and nonverbal 
temporal processing deficits that appear 
to impede linguistic development in 
children with language impairment may 
also be responsible for the reading deficits 
of children with reading disability. How­
ever, we refer readers to Studdert-
Kennedy and Mody [in press] for an 
explanation of some of the difficulties 
with this research. In short. Studdert-
Kennedy and Modv argue that Tallal's 
interpretation ot the data indicating 
temporal processing deficits in children 
with reading disability may be con­
founded by the fact that the children are 
having difficulty disenminating highly 
similar tonal and syllabic stimuli rather 
than difficulties judging their temporal 
order. 

Another potential challenge to a 
strictly 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 variety of language tasks that assessed, 
among other abilities, sentence length, 
semantic knowledge, and syntactical 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; Martin and 
Loveerove. 1988] have adduced data 
suggesting that a subgroup of children 
with reading disability read poorly be­
cause of deficiencies in rapid visual 
onhographic processing. These data re­
main controversial [Vellutino et al., 
1994]. Also, the causal linkages between 
the visual processing deficits and reading 
disability that Lovegrove described have 
not yet been firmly established [Hulme. 
1988]. 

Although deficits in visual naming 
speed, temporal processing, semantic 
development, syntactic processing, and 
visual orthographic skills may ultimately 
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 [Lyon, 1995a]. At this 
time, taken together, the data derived 
from the longitudinal investigations of 
reading disability strongly indicate that 
deficits in phonological awareness consti­
tute the major impediment to learning to 
read. But how do deficits in phonological 
awareness interfere with the reading 
proccss" 

T H E SINGLE W O R D AS T H E 
C R I T I C A L U N I T 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 
that is characterized by hesitations, mis­
pronunciations, and multiple 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 cognitive resources have been 
deployed toward deciphering the words. 
There is no way to bypass this word-
recogninon stage of-rtading,-and context 
is of little help [Adams and Bruck, 1995; 
Beck and Juel, 1995). In fact, attempting 
to use context as a strategy to aid the 
recognition of unknown words actuaDy 
hampers rather than helps individuals 
with reading disability because they 
allocate even more effon to decoding at 
the expense of comprehension [Stanov­
ich, 1994]. Memorizing 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
rately, and fluendy, informanon will not 
be easily available to them through print. 

This descripnon of reading disabled 
individuals attempnng to read reflects 
three well-replicated scientific findings. 
Fint, although reading is a meaning-
dnven activity, the key to meaning for 
proficient readers starts with the immedi­
ate and accurate recogninon of a single 
wntten word [Adams. 1990; Adams and 
Bruck. 1995; Beck and Juel. 1995]. This 
finding is one of the most robust in the 
reading, cognitive, and developmental 
literatures; it has been obtained by 
research teams in the United States 
[Felton and Brown, 1989, Olson, et al.. 
1989; Fletcher et al.. 1994: Olson et al., 
1994; Vellunno et al., 1994], Canada 
[Lovett. 1987; Lovett et al., 1988; Bruck. 
1988, 1990, 1992; Siegel, 1989; Stanov­
ich, 1991, 1992, 1993, 1994], Great 
Bntain [Goswami and Bryant, 1990: 

Unless would-be-readers 
leam 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, 1985; Tunmer and 
Hoover, 1993). Although this discovery 
may appear to be at odds with the 
argument that reading comprehension is 
the most salient ability in reading develop­
ment [Goodman, 1986; Smnh, 1971], 
comprehension depends on the ability to 
decode and recognize single words rap­
idly and accurately [see Stanovich, 1994 
for an excellent discussion of this point]. 

Children and adults with reading 
disability are not impaired in their ability 
to use contextual clues to aid in word 
recognition. In fact, children with read­
ing disability consistendy have been 
found to rely more than do skilled rcaden 
on the semantic clues available in pnnt to 
assist them in decoding unknown words 
[Perfetn. 1985; Bruck, 1990], Unfonu­
nately, as noted previously, this compen­
satory device actually impedes the efforts 
of individuals with reading disability and 

funher reduces speed and autoniaticitv ir. 
reading In short, the locus ot dificulty 
for children with reading disability in­
volves acquisition of the skills necessary 
to read single words. 

Deficits in single word decoding 
and word recognition reflect the specnw 
impact of the deficits in phonolopcal 
awateness discussed earlier. Dimculties m 
understanding thai phonolopcal seg­
ments can be mapped onto letters and 
letter patterns are a function of the child 
not understanding that svllables and 
words are composed of constituent sounds 
(phonemes) and that these sepnents can 
be parsed according to their acoustic 
boundaries. For individuals with reading 
disability, this metalinguistic awareness 
that words have pans is difficult to 
understand because the phonemes within 
svllables and words cannot be heard hv 
the ear [Libemian et al.. 1967; Libemian. 
1992]. Rather, phonolopcal awareness is 
made possible by the intact functioning of 
the brain. In many individuals with 
reading disability, the brain is not process­
ing specific types of linguistic infonnation 
in an efficient manner. 

T H E GENETICS 
A N D NEUROBIOLOGY 
OF READING DISABILITY 

.. Several papers in this issue address 
the genetic and neurophysiological sub­
strates of reading disability, but we 
include a brief overview to emphasize the 
substantial contributions that behavioral 
and molecular genetics, neuropsychol­
ogy, and neuroimapng have made to 
establishing a science of reading disability. 
Dunng the past twenty years, a wealth of 
evidence has been obtained suggesting 
that reading disability aggregates in fanu-
lies, is heritable, and probably reflects 
autosomal dominant transmission [see 
Pennington, 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 facton operate to predispose 
someone to reading disability are not yet 
clear. As Pennington [1995] suggests, it is 
possible that genetic alterations in dys­
lexia alter or constrict the range of neural 
development and, perhaps, produce 
"hardwired" aberranons in the neural 
tissue substrate [for examples of the 
neuroanatomical conelates of reading 
disability, see Galaburda and Kemper, 
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1979; Rumscy et al., 1986; Galaburda, 
1988, 1991; Hynd et al.. 1991; Rumsey 
et al., in press]. It has been hypothesized 
that such changes in dynamic neural 
development can compromise 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 corneal activation in the left 
temporal region, as indicated in studies of 
regional cerebral blood flow [Wood, 
1990; Wood et al., 1991]. A number of 
recent studies employing positron emis­
sion tomography (PET) [Rumsey et al., 
1995; Rumsey, in press] suggest that the 
phonological deficits in reading disability 
are strongly related to decreased activa­
tion of the left temporoparietal and 
supenor temporal cortex. Addirional func­
tional neuroimaging work [Shaywitz et 
al., 1995; Shaywitz et al., in press] has 
shown that anterior regions of the brain 
are also aenvated dunng the performance 
of a rhyming or phonological task. These 
findings are imponant because they 
demonstrate the utility and precision of 
noninvasive functional neuroimaging 
methods that can be used safely with 
children. 

Given the experimental nature of 
the cunent neuroimaging research involv­
ing children and adults with reading 
disability, 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 
improvements in task-activation para­
digms, bodes favorably for scientific 
understanding of the neurobiological 
foundations of reading development and 
disability. Fot comprehensive reviews of 
these advances, see Lyon and Rumsey [in 
press], Thatcher et al. [in press], and 
Krasnegor et al. [in press] for comprehen­
sive recent reviews of these advances. 

THE ISSUE 
OF C O R M O R B I D I T Y 

As we have pointed out. converg­
ing data have clearly shown that the 
linguistic abilities causally 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; Catts. 1989; Juel, 1988: 
Cunningham, 1990: Kahmi et al.. 1990]. 
It is imponant to note that phonologi­
cally based reading disability can co-
occur with other linguistic/cognitive 

deficits as well as with attenaon-deficiet 
disorder (ADD). Within the linguisric 
domain, it is highly possible that the 
phonological deficit is also the eriological 
culpnt in the development of abilities in 
spelhng and wntten expression [Ehn, 
1989; Moats, 1994; Fowler and Liber­
man, 1995]. Specifically, deficits in spell­
ing and wnnng typically share some of 
the same core deficiencies in phonology 
[Lindamood, 1994], as do more general 
deficits in many levcb of oral language 
[Scarborough, 1990; Johnson, 1994]. 

In contrast, even though reading 
disability and ADD frequendy co-occur 
in both refened samples (40% co­
morbidity) and nonreferred epidemiologi­
cal samples (15% co-morbidity) [Shay­
witz et al., 1994] the two disorders are 
distinct and separable. Reading disability 
is most highly associated with deficits in 
phonological awareness; the effects of 
ADD on cognitive functioning are vari­
able, with pnmary 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 limited associa­
tion with retrieval and phonological 
deficits [Wood et al., 1991; Ackerman et 
al., 1994]. Although reading disability 
and ADD reflect different etiologies, it is 
clear that ADD exacerbates the seventy 
and cogninve morbidity of reading disabil­
ity [Wood etal., 1991]. 

The development of any biological 
and cognitive science of reading disability 
requires that distinctions and intenelation-
ships between different types of disorders 
be identified and clanfied. The failure to 
develop classifications that account for 
co-morbidity has been an important 
factor in our persistent difficulties in 
establishing a reliable and valid definition 
of reading disability or dyslexia [Fletcher 
and Moms, 1986; Fletcher ct al.. 1993], 
The state of the science in this regard is 
rapidly improving. 

ADVANCES I N T R E A T M E N T 
I N T E R V E N T I O N RESEARCH 

The finding that reading disability 
frequently is related to and. probably, 
caused by deficits in phonolopcal aware­
ness has provided a strong empincal 
foundation for the conduct of treatment 
intervention studies. Because phonolop­
cal deficits can be identified in kindergar­
ten and fint grade [Blachman. 1991]. 
systematic studies of the effects of early 
interventions can be conducted. Within 
this context, a number of well-designed 
lonptudinal treatment or intervention 
studies have been conducted dunng the 
past five years 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 phonolop-
cally based reading disability require 
treatment programs composed of direct 
and explicit instrucnon in phonemic 
awareness combined with mstrucnon to 
develop sound-symbol relationships via 
synthetic 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, a 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 
exanune the ways in which additional 
child characteristics (such as home and 
family background, demographic vari­
ables, and linguistic and dialectical charac­
tenstics) interact with specific treatment 
methods and approaches. What is clear 
from both the epidemiological and treat­
ment studies is that early identification 
and early intervention are critical to 
helping children with reading disability 
gain facility in reading. As Shaywitz et al. 
[1994] have reported, i f youngsters with 
reading disability are not identified and 
provided with intervention before reach­
ing nine years of age, at least 74% of them 
will remain disabled throughout their 
high school years. 

FUTURE RESEARCH 
DIRECTIONS 

We have addressed the role of 
definition in the conduct of science in the 
area of reading disability and, in particu­
lar, the role that poorly constructed defini­
tions have played in our penistent inability to 
unravel the mystenes of reading disabil­
ity. Perhaps the best example of the 
current state of science relating to reading 

M R D D RESEARCH REVIEWS • CURRENT STATE OF READING DISABILITY • LYON & CHHABRA 



disability can be found in the new 
defininon of dyslexia proposed by the 
Orton Dyslexia Society discussed in detail 
bv Lyon [ 1995a]. The new definition is as 
follows: 

Dyslexia is one of several distinct 
learning disabilities. 

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

We cite this definition to under­
score the scientific progress that has been 
made in our understanding of reading 
disabilitv- (dyslexia) dunng the past 
decade. In contrast to previous defini­
tions, this one is inclusionary rather than 
exclusionary. It makes explicit, opera­
tional data-based statements about the 
phenorypic expression of reading disabii­
irv (deficits in single word decoding); the 
proximal cause of such deficits (insuffi­
cient phonological processing); the ge­
netic and biological underpinnings of the 
disorder (language-based disorder of con­
stitutional ongin); and its clinical presen­
tation (unexpected in relation to age and ' 
other cognitive and academic abilities). In 
its last sentence, this definition also 
addresses the issue of co-morbidity, and is 
careful to limit exclusionary- statements to 
only those conditions that have a dis­
tinctly different etiology (generalized 
developmental disability or sensory im­
pairment). It is most important to note 
that the definition has evolved direcdy 
from replicated research efforts. Cer­
tainly, the cnteria specified in this defini­
tion are dynamic and subject to modifica­
tion as new data become available. 
However, i f science continues to prevail, 
any additions or modifications will be 
data-dnven rather than policy-driven. 

Future research effons at the 
NICHD will continue to concentrate on 
the development of a valid and opera­
tional 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 probability of 
success in identifying at-risk children and 
applying efficacious treatment interven­
tion programs. Substantial energy will be 
devoted to the application and interpreta­
tion of noninvasive structural and func­
tional neuroimaging modalines to achieve 
better understanding of the linkages that 
exist among genotype, brain, and pheno-
type. The information denved trom these 
research initiatives will be used to close 
the gap between observ ing and appropn-
ately addressing the learning needs of 
children and adults with reading disabil­
ity. • 
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NICHD RESEARCH PROGRAM 
IN LEARNING DISABILITIES 

BY G. REID LYON, Ph.D. and 

DUANE ALEXANDER, M . D . 

I
n 1985, the Health Research 
Extension Act was passed by 
Congress and signed into law by 
the President (Public Law 99-

'. 58). This Act mandated the establish-
;-,ient 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 
t'> lead this effort. The Interagency Committee 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 programs devoted to the 
study of treatment and 
intervention approaches 
for language-based read­
ing disabilities. The 
LDRCs are located at 
ihe University of 
Colorado, Yale 
Universitv, Johns 
Hopkins Universitv, 
Harvard Universitv, and 
the Universitv of 
Washington-Seattle. 
The Dvslexia Research 
Programs are located at 

ARTICLES 
Beth Israel Hospital in Boston, 
Bowman- Grav 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 involving individuals with LD in 
Iowa would obtain different findings 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 difficul­
ties in replicating and 
generalizing research 
findings. 
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In addition, the majoiitv ot studies of LD over 
the past 20 years have attempted to understand the 
disorder hv studving individuals w ho were grouped 
according to the vague and ambiguous label 
"Learning Disabled." This was unfortunate. The LD 
categorv is actually composed of seven different 
tvpes of disabilities, each of w hich is significantlv 
different from the others. As a number of scientists 
have recentlv pointed out, it simplv makes little 
sense to conduct inv estigations of some broadlv 
defined entity called "learning disability" given 
w hat we already know about the differences 
between the various tvpes of learning disabilities. 
Thus, the NICHD LD kesearch Program defines 
groups specifically in terms of their specific deficit 
(i.e., reading disability, mathematics disabilitv, etc.) 
prior to studv. Bv insuring that the research is 
focused on specific tvpes 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 thev 
proceed through school. This research strategy 
serves as a platform to (1) identity- cntical learning 
and behavioral characteristics that mav he manifest­
ed different ways at different developmental peri­
ods, (2) develop early predictors of academic diffi­
culties, (3) map the developmental course of specif­
ic types of LD, (4) identifv commonlv co-occurring 
disorders and secondary behavioral consequences 
that develop in response to failure in school, and 
(5) assess the efficacy of different treatments and 
teaching methods for the different tvpes of LD. 

WHAT HAS BEEN LEARNED? 
During the past 10 years, NICHD research has 

concentrated on reading disabilities as a specific 
type 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 disabilities, 
NICHD researchers have now been able to replicate 
several findings related to the etiology (causes), 

developmental course, cognitive features, and bio-
loi'ical characteristics ol readint! disabilities, as well 
as to the effectiveness of different treatment'' inter­
vention approaches. These findings are summarized 
below: 

• Definitional issues continue to be the single 
greatest impediment to understanding learning dis­
abilities and to helping children and adults with 
LD. 

• The use of the general term "learning disabili­
ties" in research practice mav 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 type of LD in its own right in order to arrive at 
clear definitional statements and a coherent under­
standing of etiology, diagnosis, prevention, and 
treatment. This particular finding does not, in any 
wav, detract from the clear need to continue to use 
the term learning disabilities in forging public poli­
cy and advocating for the millions of individuals 
whose lives are affected by LD. 

• Language-based reading disabilities are the 
most prevalent tvpe of LD and affect approximately 
I 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. 

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

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

• 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-
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ferences in neural processing. 
• 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. 

• Despite the widely-held belief that boys are 
. more likely to have reading disabilities than girls, 

research 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. 

• 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
prehension. This balanced 
approach appears to be neces­
sary for adults as well as chil­
dren with reading disabilities. 

• 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 types of LD. 

WHAT THE FUTURE HOLDS 
During the next five wars, 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 wiitten 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 difficulties 

Deficits in 
phonological 

processing appear to 
reflect the major 
impediments to 
learning to read 

learning to read, write, and to develop competencies 
in arithmetic calculation and mathematics reason­
ing. 

The NICHD will also 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 
abilitv 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.ual nervous system func­
tioning. Within this context, it is important for us 
to know how neurophysiological 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 

hr/.v difTerent treatment and 
teaching 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 
order to help youngsters 
develop competencies in aca­
demic and social skills. We 
nrw-st develop a better under­

standing about which preventative strategies and/or 
treatment interventions are most effective for par­
ticular tvpes of learners a"- different stages of devel­
opment, in difTerent convent areas, and in different 
settings. It is our view that our future ability to pre­
pare professionals to teach children with learning 
disabilities would necessarily depend on a clear 
understanding of these conditions. • 

Foniwre infonnntion on the ' JCHD Researcli ftvgnim, 
amtuct: Dr. C. Reid Lyon, SICHD/N1H, 6100Bitil<lii!g, 
Room 4B05. 9000 RockrdU Pih; Bethesda, MD 20S92. 

Editor's Note: Dr. Alexander is Director of the National 
Institute of Child Health a.:..i Human Development 
(NICHD), National liisti:.,tes of Health. Dr. Lyon is 
Director of Research Progra.'-.s in Learning Disahilities, 
Language Disorders, and D.,orders of Attention, 
NICHD. 


