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Arguing Over Why Johnny Can? Read 
2.3 million U.S. schoolchildren are now diagnosed with learning disorders; controversial findings pin the 

blame on biology and suggest the problem could be even more widespread 

If difficulty learning to read, write, or do 
math at expected aptitude levels were an 
infectious disease, American schoolchildren 
would be in the middle of an epidemic. 
About 120,000 students each year are tagged 
as "learning disabled," a number equal to 
all the Americans who contracted AIDS, 
hepatitis, and tuberculosis in 1994. There 
were 783,000 children with learning disabili- 
ties (LD) in 1976; by 1992-93, the last year 
for which full figures are available, the LD 
population topped 2.3 million. This is a 
costly epidemic, too: Public schools spend 
about $8000 a year on average to educate an 
LD student, compared to $5500 for an ordi- 
nary student, and the bills are estimated to be 
in the billions of dollars. 

Yet despite the rising numbers, the defini- 
tion, diagnosis, and basic scientific under- 
standine of LD has remained remarkablv elu- 

level of the neuron and even to the gene. 
The researchers have begun to demonstrate 
that in poor readers, anatomical structures 
and activity levels in areas of the brain be- 
lieved to be related to phonological process- 
ing show subtle abnormalities. Such abnor- 
malities, they say, may appear in 20% of the 
nation's schoolchildren. 

Together with data from years of school- 
based studies of reading performance, the sci- 
entists say, these findings strengthen the case 
for revising teaching methods nationwide. 
They want to replace current context-based 
reading instruction with "highly structured, 
explicit, and intensive instruction in phon- 
ics rules and [their] application to print," in 
the words of an NICHD report. 

But skeptics charge that these neurobio- 
logical findings will actually make the LD 
muddle even worse. Observers arme that the 

row focus on the neurobiological "final com- 
mon pathway" presumably underlying learn- 
ing problems, arguing that LD's complex so- 
cial, economic, and environmental anteced- 
ents deserve equal weight in educational 
policy planning. And even if the neurobiolo- 
gists are right, dropping 20% of the school 
population into special education classes 
would strain that system to the breaking 
point, says Kevin Dwyer, assistant executive 
director of the National Association of 
School Psychologists: "We need to avoid 
coming to grand conclusions with less-than- 
complete data." 

The growth of a problem 
The current disarray that defines LD begins, 
appropriately, with its definition. Students 
identified as dyslexic, who make up about 
80% of the LD ~o~ula t ion  and have been 
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pleased with this situation. Parents' advo- 
cacy groups like the Learning Disabilities 
Association of America (LDA) saw the 
population expanding without any concomi- 
tant growth in knowledge about causes or 
treatments. And scientists attacked the legal 
definition of LD for diagnosing by exclusion 
of other conditions and by IQ discrepancy 
rather than through a positive, theory-based 
method. The discrepancy model, they as- 
serted, fails to tag children who perform 
poorly in reading and score low on IQ tests; 
although they may encounter many of the 
same frustrations as LD children do, these 
students are classified as generally under- 
achieving, and therefore receive no special- 
ized out-of-classroom instruction. In re- 
sponse to this discontent, Congress decided 
to put some new money into learning-dis- 
abilities research. 

In 1985 legislators directed the National 
Institutes of Health to review research ac- 
tivities in the area. The outcome of that re- 
view was the creation in 1987 of a network 
of Learning Disability Research Centers 
(LDRCs), since funded through NICHD to 
the tune of some $29 million. The network's 
goal, according to Lyon, is to improve knowl- 
edge of the epidemiology, etiology, diagno- 
sis, and treatment of LD; in short, to develop 
the study of LD into a respected scientific 
discipline. And according to investigators in 
the network, it has done just that. 

Searching for a cause 
"NICHD has assembled a critical mass of 
investigators and made the study of learning 
disabilities into a science," contends child 
neurologist Bennett Shaywitz, who, with his 
wife Sally, a behavioral pediatrician, estab- 
lished the first LDRC at Yale University's 
Center for the Study of Learning and Atten- 
tion. In studies progressing inside and out- 
side the LDRCs, researchers are using func- 
tional magnetic resonance imaging (~MRI) 
and positron emission tomography (PET) 
scans to watch activity levels of cells in vari- 
ous areas of the brain. Several of these studies 
have focused on the thalamus, a double-egg- 
shaped structure deep within the brain that 
mediates sensory input to the cerebral cor- 
tex. It functions like a telephone switch- 
board, taking incoming signals from the eyes, 
ears, and other sensory organs and routing 
them to different areas of the brain. 

PET and fMRI studies of 60 randomly 
selected normal-reading and dyslexic adults 
have led neuropsychologist Frank Wood and 
colleagues at Bowman Gray Medical School 
to conclude that activation levels in the 
thalamus are different between the groups. 
Wood asked subjects undergoing a PET scan 
to watch letters and nonletter shapes (like 
"R" and " K )  projected on a screen and to 
press a button whenever a real letter was 
shown. Subjects who scored in the bottom 

10% of the population on a standard reading 
test had less activity in the left thalamus, 
Wood discovered. 

Additional support for the role of the 
thalamus in LD comes from separate studies 
designed to build a picture of phonological 
processing in the brains of normal readers as 
a prelude to future studies of dyslexics. Both 
the Shaywitzes at Yale and cognitive neuro- 
scientist Paula Tallal at Rutgers University 
in New Jersey have identified another brain 
area, in the prefrontal cortex, as crucial in 
speech-sound processing. But Tallal's work 
also indicates that this processing relies on 
rapid and precise timekeeping in the brain, a 
role known to be played by the thalamus. 

described evidence for a possible quantita- 
tive trait locus (the location of the suspected 
gene or genes) in exactly the same region in 
both the twins and the nontwin siblings. 
Behavioral geneticist Robert Plomin of 
Pennsylvania State University says the study 
provides the first evidence for the localiza- 
tion of a single putative gene for any complex 
behavioral characteristic to be replicated in 
two inde~endent sam~les. 

These developments also have their 
boosters outside the scientific community. 
Candace Bos, president of the Division for 
Learning Disabilities of the Council for Ex- 
ceptional Children (CEC), notes that "it's 
reassuring to be able to say that there is initial 
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Growth area. More than half of all schoolchildren classified as disabled have learning disabilities. 
Eighteen years ago, the proportion was around 25%. 

High-tech imaging techniques aren't the 
only tools that have homed in on the thala- 
mus; the knife of the neuroanatomist has also 
come into play. In a study reported last Au- 
gust in the Proceedings of the National Acad- 
emy of Sciences, Albert Galaburda, a neurolo- 
gist at Beth Israel Hospital in Boston, and 
two colleagues examined tissue sections from 
the medial geniculate nuclei (MGN), small 
bumps on each lobe of the thalamus that 
process inputs from the auditory nerves. The 
researchers found that neurons from the left 
MGN in five dyslexic brains were, on aver- 
age, smaller than those from the right MGN, 
an asymmetry that was not detected in the 
brains of seven control subjects. 

The final realm in which NICHD-funded 
research on learning disabilities has attracted 
widespread attention is that of the genome. 
Family studies initiated in 1973 and twin- 
pair studies begun in 1982 by behavioral ge- 
neticist John DeFries and colleagues at the 
University of Colorado LDRC are yielding 
evidence that reading disabilities not only 
run in families, but may be linked to genes in 
a specific region of chromosome 6. 

DeFries' lab has tested over 300 pairs of 
twins in which at least one twin is dyslexic. 
In a study described last year in Science (14 
October 1994, p. 276), DeFries, geneticist 
David Fulker, and four other collaborators 

evidence for a genetic and a brain-functioning 
link. Now we can move on ... to look at 
specific interventions." Says Sally Shaywitz: 
"Now that we know this is a phonological 
deficit it can really guide the public." 

Connecting cause and effect 
Not everyone, however, is ready to make the 
leap from these studies to educational poli- 
cies. Observers such as the University of 
Rochester's Coles believe that many of the 
assumptions underlying DeFries' work and 
the other studies are flawed. "Truly substan- 
tial research would look at brain structure 
and function, but it would also look at the 
cognitive processes involved when children 
are learning to read and at the full set of 
social experiences related to learning," Coles 
says. But the current studies, he continues, 
stop at the anatomical level and may not 
even say much about that: "To extrapolate 
from all of this current scientific ambiguity 
and speculation to diagnostic instruments 
and school policy is a non sequitur." 

Coles takes particular issue with Gala- 
burda's work, saying the Beth Israel scientist 
has not documented whether the deceased 
subjects in his studies had really suffered from 
dyslexia. "There is virtually nothing at all in 
the research to demonstrate that these brains 
are indeed the brains of dyslexics," he com- 
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