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Abstract Although best known for work with children
and adults with intellectual disabilities and autism spec-
trum disorders, training in speech pathology and a doc-
torate in clinical psychology and neuropsychology was the
foundation for Sara Sparrow’s long-term interest in reading
disabilities. Her first papers were on dyslexia and laterality,
and the maturational lag theory of developmental dyslexia
proposed with Paul Satz, her mentor. The research program
that emerged from this work had a wide impact on early
neuropsychological models of reading disabilities.
Although Sara went on to research focused on children
with other developmental disabilities after she moved to
Yale University, this initial research influenced her career-
long interests in assessment, developmental models of
disabilities, and early screening methods.
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Sara S. Sparrow is best known for her contributions to
research on children and adults with intellectual disabili-
ties and autism spectrum disorders. She and her col-
leagues reformulated the assessment of adaptive behavior
into a developmental, psychometric perspective with the

J. M. Fletcher (X))

Department of Psychology, University of Houston, Texas
Medical Center Annex. 2151 W. Holcombe Blvd.,

Suite 222, Houston, TX 77204-5053, USA

e-mail: jackfletcher@uh.edu

R. D. Morris
Department of Psychology, Georgia State University,
Atlanta, GA, USA

revision and subsequent publication of the Vineland
Adaptive Behavior Scales through two editions (Sparrow
et al. 1984, 2005). However, Sara also had an early and
enduring interest in reading and reading disabilities that
emanated from her early training in speech pathology and
her doctoral work in clinical psychology and neuropsy-
chology. During her doctoral training at The University of
Florida, Sara introduced her mentor, Paul Satz, to children
with “dyslexia.” Satz was primarily an adult neuropsy-
chologist who nonetheless supported Sara’s interest in
children and disabilities. Her doctoral dissertation (Spar-
row 1969a, b) was a neuropsychological study of different
indices of laterality in children described in what was
then contemporary language as “retarded readers.” In
addition to this and other studies focusing on language
and cerebral dominance in poor readers (Sparrow and
Satz 1970), Sara helped formulate a theoretical explana-
tion of dyslexia (Satz and Sparrow 1970) that lead to a
6 year longitudinal study of kindergarten children known
as the Florida Longitudinal Project (Satz et al. 1978;
Fletcher et al. 1984). This study was the basis for the
relationship of Sara with the two authors of this paper,
who also worked on different phases of the Florida
Longitudinal Project in their graduate training at The
University of Florida under Satz. In this paper, we briefly
review the Satz and Sparrow (1970) theory, focusing on
why it was innovative at the time, and then discuss the
long-term impact of this study.

Maturational Lag Theory of Developmental Dyslexia
Satz and Sparrow (1970) proposed that “developmental

dyslexia” stemmed from a lag in the maturation of the left
cerebral hemisphere. As stated in Satz et al. (1978),
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“the theory...postulates that reading disabilities
reflect a lag in the maturation of the brain which
differentially delays those skills which are in primary
ascendance at different chronological ages. Conse-
quently, those skills which develop ontogenetically
earlier during childhood (e.g., visual-perceptual and
cross-modal sensory integration) are more likely to be
delayed in younger children who are maturationally
immature. Conversely, those skills which have a
slower rate of development during childhood (e.g.,
language and formal operations) are more likely to be
delayed in older children who are maturationally
immature (p. 319).”

Satz and Sparrow (1970) conceived of this theory as a
reconciliation of conflicting research suggesting different
neuropsychological explanations of reading disabilities. In
a subsequent seminal review of the literature, Benton
(1975) noted that multiple neuropsychological explanations
of “developmental dyslexia” were available, including the
idea of a maturational lag. He discussed multiple possible
neuropsychological correlates of dyslexia, all based on
single deficits from neuropsychological testing: visuoper-
ceptual and audioperceptual functions, directional sense,
right-left discrimination, finger recognition, and more
generalized language deficiencies. Benton also discussed
how these deficits might represent brain mechanisms
underlying reading disorders, including specific problems
in the development of the parietal lobes that represented an
adult-like left hemisphere syndrome or problems with the
organization of the cerebral hemispheres that might be
manifested as a developmental problem with cerebral
dominance (Orton 1925) or as a maturational lag (Satz and
Sparrow 1970).

For Satz and Sparrow (1970; Satz et al. 1978), the rec-
onciliation occurred in a developmental explanation based
on hypothesized differences in the development of the
skills summarized by Benton (1975). In contrast to pre-
vailing explanations of dyslexia as a unitary deficit in a
specific skill that had cascading effects on other skills and
on reading, dyslexia was viewed as a multifactorial disor-
der, with varying patterns of age-related neuropsycholog-
ical deficits depending on the maturation of the child’s
brain. Although the deficits displayed by children would
resemble those of adults with aphasia and acquired disor-
ders, there was little evidence of structural alterations of
the brain in children with dyslexia, so an adult-based
explanation could not be correct. Rather, Satz and Sparrow
argued that the patterns of deficits were age-related. If
assessed earlier in development, skills that developed more
rapidly early in development related to visual perception
and auditory perception, as well as finger identification,
right-left discrimination, directional confusion, and other
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signs of parietal lobe dysfunction, would more robustly
discriminate good and poor readers. As the brain matures,
the earlier deficits in visual and auditory perception, and
the signs of parietal lobe dysfunction, would recede.
However, measures of language (e.g., vocabulary) that
have a slower and more gradual rate of development would
more robustly discriminate older good and poor readers
because there would be a lag in development of brain
regions related to more complex skills. Thus, Satz and
Sparrow (1970) embraced a multiple deficit, developmental
view of dyslexia, and rejected an explanation based on
damage or injury to the brain and comparisons with adult
alexics. Reading disorders were developmental, emerging
because the maturational lag affected the capacity of the
brain for acquiring the necessary skills as opposed to loss
of skills or injury to the brain. In addition, the maturational
lag would be manifested as age-related differences in
cerebral organization and laterality.

From this theory, Satz and Sparrow (1970) generated
hypotheses about developmental differences in the neuro-
psychological correlates of reading disabilities and differ-
ence in the lateralization of language and cerebral
dominance that were tested in several early cross sectional
studies (Satz et al. 1971; Sparrow and Satz 1970). In
addition, because the skills underlying reading were linked
through development of the brain, they speculated that it
may be possible to predict which children would develop
reading disorders prior to the onset of the problem by
screening children in kindergarten. If screening was suc-
cessful, intervention programs could be initiated prior to
the manifestation of the disorder at a time when the brain
had more plasticity and thus prevent secondary problems
associated with reading difficulties (loss of motivation,
poor self-esteem).

Sparrow (1969a, b) and Sparrow and Satz (1970) tested
components of the theory in a cross sectional design
focusing on sensory, motor, and language indices of lat-
erality, while Satz initiated other cross-sectional research
(Satz et al. 1971) and a major longitudinal study in a direct
test of the hypotheses generated by the theory that also
evaluated the possibility of early screening for reading
disability (Fletcher et al. 1984; Satz et al. 1978). The
studies were deliberately conducted in public schools and
outside of clinics because of concern about sampling bias
and a desire to assess the prevalence of “developmental
dyslexia.”

Laterality and Dyslexia

In Sparrow’s early work, she administered indices of lat-
eralized sensory, motor, and language functions to large
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samples of older good and poor readers. For example,
Sparrow (1969a), her first published paper, reported on
comparisons of manual preference, strength, and dexterity,
visual preference, finger differentiation, lateral awareness,
ear asymmetry (dichotic listening), and verbal IQ. The
sample of 80 9—12 year old children was recruited directly
from the schools and half were poor readers. Sparrow
predicted smaller differences on sensorimotor aspects of
development that emerge earlier and larger differences on
perceptual-cognitive skills that become consolidated later
in development. She found no differences in hand prefer-
ence (i.e., no raised incidence of non-right-handedness),
manual strength and dexterity, or visual preference. How-
ever, the poor readers were less likely to show a right ear
advantage on dichotic listening (historically interpreted as
evidence of incomplete dominance of language in the left
hemisphere), more errors on finger differentiation tasks
(identifying unseen and tactilely stimulated fingers by a
number code), and a lower verbal 1Q. She concluded that,

“The present results strongly suggest that many
normal intelligence children with reading problems
are exhibiting a maturational lag in the development
of laterality. Thus, a potential picture emerges of the
experimental group resembling younger normal
children. The lack of findings for the sensorimotor
measures can be attributed to the relatively early
lateralization of these manual and visual functions.
Since the youngest [participants] were already
9 years old, one might hypothesize that sensorimotor
laterality, although delayed initially, had by that time
matured. On the other hand, the higher level and later
developing perceptual-cognitive aspects of laterality
strongly differentiated the retarded from the normal
reader. Lateralization generally refers to representa-
tion or control of a function primarily in one hemi-
sphere. Delay in this lateralization to one of the
hemispheres can result in deficits which interfere with
learning to read (Sparrow 1969a, p. 674).”

Impact of the Theory

As she completed this work, Sparrow had begun a post
doctoral fellowship at the Child Study Center at Yale
University, working closely with Edward Zigler and others,
and eventually became a faculty member and Chief Psy-
chologist at the Yale Child Study Center. She did not
continue her work with Satz, although she maintained a
lifelong relationship with Satz and his family. Sara moved
on to other areas of research involving children and adults
with intellectual and developmental disabilities, and the
assessment of adaptive behavior. However, the impact of

this early work on her subsequent career is apparent. Sara
was always highly interested in assessment, focusing on the
need for reliable and valid measures of cognitive functions
and adaptive behavior. She trained many people rigorously
in psychological assessment. Her developmental perspec-
tive clearly emerged early, especially in the idea that the
strengths and weaknesses in older children would resemble
those of younger children with no developmental difficul-
ties. Her support of early intervention programs and her
long term interest in screening methods that promote
early detection are clearly evident in her early work
(e.g., Sparrow et al. 1983). Finally, her commitment to
people with disabilities of all kinds emerged from her
early interests in children with language and reading
difficulties.

The early work was prescient in promoting the idea of
mass screening of children for reading problems, which
was implemented by Satz and colleagues (1978) on a large
scale based in the 1970s. It emanated in publication of a
20 min kindergarten assessment (Satz and Fletcher 1982)
that included equations for predicting the risk of a reading
problem in Grade 2. Now this technology has continued to
develop, with many approaches to screening in kinder-
garten and Grade 1 requiring 3-5 min per child and
embedded in service delivery systems described as
“Response to Intervention (RTI)” models used in many
schools across the country. In an RTI model, universal
screening for reading, math, and behavior problems is a
fundamental component of the implementation and the
identification and assessment of progress of the at risk
students are fundamental to the effort to match the intensity
of intervention to student needs (Fletcher and Vaughn
2009).

The idea that the brain is involved in reading and
reading disability was certainly not a new idea, nor was the
focus on cerebral dominance and brain organization. The
idea that the difference was not an injury or stroke-like
defect, but rather a difference in developmental progres-
sion, organization of function, and lack of specialization of
key regions that support reading, is a major tenet of con-
temporary models of learning disabilities. With the advent
of contemporary neuroimaging, the differences between
good and poor readers can be expressed as differences in
how the brain is organized for reading, with underactiva-
tion of some areas and possible compensatory involvement
of others.

The areas most consistently implicated include the basal
temporo-occipital region in the base of the brain, the
temporo-parietal region (including the posterior portion of
the superior temporal gyrus, and the angular and supra-
marginal gyri), and inferior frontal regions, predominantly
in the left hemisphere (Fletcher et al. 2007; Shaywitz et al.
2004; Simos et al. 2002). Depending on the task and
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modality, individuals with reading difficulties are more
likely to show underactivation of the left hemisphere
regions in the temporo-occipital and temporo-parietal
regions, sometimes showing more activity in the right
hemisphere than the left hemisphere. Intervention does
exert a largely normalizing influence on this network and
supports the idea of plasticity (Shaywitz et al. 2004; Simos
et al. 2002). However, this plasticity is not obviously age-
dependent and seems to occur whenever intervention is
successful. Thus, as Satz and Sparrow (1970) suggested,
the differences in the brains of children with and without
reading problems can be understood in terms of organiza-
tional differences and lack of specialization for left hemi-
sphere regions critical for reading.

Less Enduring Aspects of the Theory

The differences in brain organization for reading in good
and poor readers do not appear to represent a maturational
lag (Rourke 1976; Satz et al. 1981). Indeed, much of the
longitudinal research on children with reading problems
shows that the cognitive and reading differences are highly
persistent and show little evidence of spontaneous
“catching up” (Rourke 1976; Francis et al. 1996). Many of
the tasks measuring sensorimotor skills have ceiling effects
and low reliability. Data from the Florida Longitudinal
Project, for example, showed that finger identification
deficits seen in younger poor readers and predictive from
kindergarten involved the child’s capacity to learn a verbal
code for numbering the fingers as opposed to a finger
agnosia (Fletcher et al. 1982). In longitudinal studies,
directional sense and right-left confusion had ceiling
effects and poor reliability even as pathognomic signs, as
did deficits on more complex finger and tactile recognition
paradigms. Perceptual tests that were very predictive of
grade 2 reading outcomes in kindergarten (Satz et al. 1978)
did not maintain their unique predictive capacity when
competed with contemporary assessments of phonological
awareness and rapid letter naming speed (Schatschneider
et al. 2004). Note, however, that some of these studies
emerged in part because of the theory advanced by Satz
and Sparrow (1970).

Why didn’t these findings have a more sustained
influence? There were two primary issues that reflect the
shift in thinking about reading and reading disabilities
that has occurred over the past 30 years. The first is the
importance of classification and definition. As Benton
(1975) noted in his review, definitions of dyslexia and
reading disability were poorly formulated and largely on
the basis of excluding children with known causes of
reading difficulty (e.g., intellectual and sensory disabili-
ties). Children could be identified with dyslexia based on
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a neuropsychological deficit, soft neurological signs,
clumsiness, electrophysiological deficits, and behavior
problems, or even a reading problem, all of which were
treated roughly equivalently and reflect the impact of the
concept of minimal brain dysfunction (Rutter 1982). In
fact, the resultant population of children with “develop-
mental dyslexia” was very heterogeneous, which Benton
felt was partly responsible for the differences in findings
across laboratories. In the 1970s, researchers became
acutely aware of the heterogeneity of reading disabilities
(Rourke 1975). In the Florida Longitudinal Project, what
began as a study of “specific developmental dyslexia”
became a study of “specific reading disabilities” after
3 years and the first grant renewal, and a study of
“reading disabilities” after 6 years and the second
renewal. With considerable encouragement from Sparrow,
who was keenly interested in the findings, Satz and col-
leagues used the data from the Florida Longitudinal
Project to initiate a series of studies involving the speci-
ficity of developmental dyslexia (Taylor et al. 1979) and
subtypes of reading disabilities (Satz and Morris 1981).
From these studies methods and conceptual frameworks
were developed (Morris and Fletcher 1988) that lead to
specific studies of definition and classification through a
collaboration of the authors with the Yale Center for the
Study of Learning and Attention Disorders and Haskins
Laboratories (Fletcher et al. 1994). Among other findings,
these studies strongly questioned the validity of identi-
fying children with reading disabilities using discrepan-
cies of IQ and achievement that Sparrow applauded based
on her own experience with assessment and efforts to
obtain services for children (Fletcher et al. 2007).

The other problem involved the absence of a strong
theory of reading. Satz and Sparrow began their work prior
to the important discoveries of the relation of speech and
print and the alphabetic principle in which Alvin and Isa-
belle Liberman, Don Shankweiler, and others at the Has-
kins Laboratories were so seminal (Brady and Shankweiler
1991; Shavelson and Towne 2002). The prevailing view of
reading at the time was either behavioral or perceptual
(Gibson and Levin 1980) and perceptual training programs
were routinely used as remedial interventions for children
with learning disabilities. These programs were ineffective
(Mann 1979; Vellutino 1979), even though variants con-
tinue to be used for children with all kinds of cognitive and
behavioral difficulties. Although Satz and Sparrow (1970)
attended to the perceptual view, especial in terms of early
stages of reading acquisition, they believed that the reading
problem was one of multiple difficulties attributed to the
maturational lag. As Satz and van Nostrund (1973, p. 9)
stated,

“A critical postulate in the Satz and Sparrow (1970)
theory is that the dyslexic child is handicapped on a
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number of developmental skills which are directly or
seemingly not related to the reading process...this phe-
nomena has been ignored or dismissed as irrelevant by
investigators who focused on direct operant intervention of
the reading process...one might still ask why these children
have long been report to have difficulties in one or more of
the following skills: right-left discrimination, finger
sequencing and identification, writing and calculation
ability, verbal intelligence, perceptual discrimination, per-
ceptual-motor integration, auditory-visual integration, and
the like...”

They went on to relate this pattern to the maturational
lag and the idea that these patterns provide clues to the
etiology of reading disabilities, which they acknowledged
was an unobservable hypothetical construct involving brain
maturation.

From a contemporary perspective, a theory of dyslexia
has to explain the core reading problem, and will be no
better in its usefulness than the theory of reading. Dys-
lexia is clearly the lower end of a normally distributed
dimension of reading ability (Shaywitz et al. 1992) and
the cognitive factors associated with reading proficiency,
when present, explain reading deficiencies when absent.
Thus, the discovery of the alphabetic principle, repre-
senting what Stanovich (2000) termed a “big idea in
science,” has had enormous impact on scientific under-
standing and instruction of children with dyslexia and on
children who are simply learning to read. We now know
that dyslexia must be defined as core impairment at the
level of single word reading and spelling and that the
capacity for relating the sound structure of language to
print is the core cognitive correlate (Fletcher et al. 2007).
We can identify the neural correlates of good and poor
word recognition, which don’t appear to represent a lag,
but can be a persistent deficit without the correct forms of
intervention. Thus, a theory of dyslexia must explain the
reading problem, and a focus on associated features is
likely to be a weak explanation, especially when it is used
as a basis for academic remediation. Understanding the
reading problem, however, is also not a complete expla-
nation for the difficulties in adaptation experienced by
children with dyslexia, who may be clumsy, inattentive,
and have deficits in other cognitive skills not related to
reading (Rourke 1975; Denckla et al. 1985). Thus, the
associated signs identified by Satz and Sparrow (1970)
remain very important for understanding brain develop-
ment and possible dysfunction, and overall adaptation in
children with dyslexia, especially because they vary in
association with the reading problems. As Satz and
Sparrow (1970) and others (Rourke 1975; Denckla et al.
1985) have noted, without an explanation of these asso-
ciated deficiencies, we don’t have a strong explanation for
brain dysfunction in learning disabilities.

Final Comments

Sara Sparrow began her career at Yale University as the
cognitive revolution began and major changes in theories
of reading and reading disability began to emerge from the
work of investigators at the Haskins Laboratories and
others around the world. She was quick to embrace this
work and its implications for children with dyslexia, rev-
eling in the enhanced capacity for explaining reading dif-
ficulties that were the starting point of her scientific career.
She personally encouraged those of us who followed her on
the Florida Longitudinal Project to pay careful attention to
this research during our training and was especially sup-
portive of our efforts to collaborate with the Yale Center
for the Study of Learning and Attention Disorders and
Haskins Laboratories. Based on her experiences evaluating
interventions for children with intellectual disabilities
(Sparrow and Ziegler 1978), and observing interventions
that emerged in other areas for children with learning
disabilities, she would support the kinds of historical
reviews that we have provided in this paper.

Despite the emergence of a strong scientific basis for
understanding reading instruction and reading disabilities,
this evidence has not had the impact on schooling, assess-
ment, or on classification models that it should. Assessment
approaches are outmoded and the same approaches to
assessment and intervention shown repeatedly to be inef-
fective continue to emerge as hopeful candidates for the
future. This impedes scientific progress, which is too
infrequently the basis for decision making in education and
clinical arenas. Above all, and in view of her outstanding
contributions as a clinician and trainer, Sara was a scientist
who actively sought development of an evidence base that
would support decision making for improving the lives of
all children, but especially those with disabilities. She was
clearly one of the foundational thought leaders during her
career, whose influence on the science and its translation
will continue to have impact on those she touched, both
children and colleagues, for many years to come.

Acknowledgments Supported in part by a grant from the National
Institute for Child Health and Human Development, 1 P50
HDO052117, Texas Center for Learning Disabilities.

References

Benton, A. L. (1975). Development dyslexia: Neurological aspects. In
W. J. Friedlander (Ed.), Advances in Neurology (Vol. 7,
pp- 1-47). New York: Raven Press.

Brady, S. A., & Shankweiler, D. P. (Eds.). (1991). Phonological
processes in literacy. Hillsdale, NJ: Erlbaum.

Denckla, M. B., Rudel, M. B., Krieger, R. G., & Chapman, J. (1985).
Motor proficiency in dyslexic children with and without
attentional disorders. Archives of Neurology, 42, 228-231.

@ Springer



J Autism Dev Disord

Fletcher, J. M., Lyon, G. R., Fuchs, L. S., & Barnes, M. A. (2007).
Learning disabilities: From identification to intervention. New
York: Guilford.

Fletcher, J. M., Satz, P., & Morris, R. (1984). The Florida longitudinal
project: A review. In S. A. Mednick, M. Harway, & K.
M. Finnello (Eds.), Handbook of longitudinal research (Vol. 1,
pp. 280-304). New York: Praeger.

Fletcher, J. M., Shaywitz, S. E., Shankweiler, D., Katz, L., Liberman,
1. Y., Steubing, K. K., et al. (1994). Cognitive profiles of reading
disability: Comparisons of discrepancy and low achievement
definitions. Journal of Educational Psychology, 86, 6-23.

Fletcher, J. M., Taylor, H. G., Morris, R., & Satz, P. (1982). Finger
recognition skills and reading achievement: A developmental
neuropsychological analysis. Developmental Psychology, 18,
124-132.

Fletcher, J. M., & Vaughn, S. (2009). Response to intervention:
Preventing and remediating academic deficits. Child Develop-
ment and Perspectives, 3, 30-37.

Francis, D. J., Shaywitz, S. E., Stuebing, K. K., Shaywitz, B. A., &
Fletcher, J. M. (1996). Developmental lag versus deficit models
of reading disability: A longitudinal, individual growth curves
analysis. Journal of Educational Psychology, 88, 3—17.

Gibson, E. J., & Levin, H. (1980). The psychology of reading.
Cambridge, MA: MIT Press.

Mann, L. (1979). On the trail of process. New York: Grune and
Stratton.

Morris, R., & Fletcher, J. M. (1988). Classification in neuropsychol-
ogy: A theoretical framework and research paradigm. Journal of
Clinical and Experimental Neuropsychology, 10, 640-658.

Orton, S. T. (1925). “‘Word-blindness’ in school children. Archives of
Neurology and Psychiatry, 14, 285-516.

Rourke, B. P. (1975). Brain-behavior relationships in children with
learning disabilities: A research program. American Psycholo-
gist, 30, 911-920.

Rourke, B. P. (1976). Reading retardation in children: Developmental
lag or deficit? In R. M. Knights & D. J. Bakker (Eds.),
Neuropsychology of learning disorders: Theoretical approaches
(pp. 125-137). Baltimore, MD: University Park Press.

Rutter, M. (1982). Syndromes attributed to “minimal brain dysfunc-
tion” in childhood. American Journal of Psychiatry, 139, 21-33.

Satz, P., & Fletcher, J. M. (1982). The Florida Kindergarten
Screening Battery. Odessa, Florida: Psychological Assessment
Resources.

Satz, P., Fletcher, J. M., Clark, W., & Morris, R. (1981). Lag, deficit,
rate and delay constructs in specific learning disabilities: A re-
examination. In A. Answara, N. Geschwind, A. Galaburda, M.
Albert, & N. Gartrell (Eds.), Sex differences in dyslexia (pp.
129-150). Towson, Maryland: The Orton Dyslexia Society.

Satz, P., & Morris, R. (1981). Learning disability subtypes: A review.
In F. J. Pirozzolo & M. C. Wittrock (Eds.), Neuropsychological
and cognitive processes in reading (pp. 109-141). New York:
Academic Press.

Satz, P., Rardin, D., & Ross, J. (1971). An evaluation of a theory of
specific developmental dyslexia. Child Development, 42,
2009-2021.

Satz, P., & Sparrow, S. S. (1970). Specific developmental dyslexia: A
theoretical formulation. In D. J. Bakker & P. Satz (Eds.), Specific

@ Springer

reading disability: Advances in theory and method. Rotterdam:
Rotterdam University Press.

Satz, P., Taylor, H. G., Friel, J., & Fletcher, J. M. (1978). Some
developmental and predictive precursors of reading disability. In
A. L. Benton & D. Pearl (Eds.), Dyslexia: An appraisal of
current knowledge (pp. 457-501). New York: Oxford University
Press.

Satz, P., & Van Nostrund, G. K. (1973). Developmental dyslexia: An
evaluation of a theory. In P. Satz & J. Ross (Eds.), The disabled
learner: Early detection and intervention. Rotterdam: Rotterdam
University press.

Schatschneider, C., Fletcher, J. M., Francis, D. J., Carlson, C. D., &
Foorman, B. R. (2004). Kindergarten prediction of reading skills:
A longitudinal comparative analysis. Journal of Educational
Psychology, 96, 265-282.

Shavelson, R., & Towne, L. (2002). Science and education. Wash-
ington, DC: National Academy of Sciences.

Shaywitz, S. E., Escobar, M. D., Shaywitz, B. A., Fletcher, J. M., &
Makuch, R. (1992). Evidence that dyslexia may represent the
lower tail of a normal distribution of reading ability. New
England Journal of Medicine, 326, 145-150.

Shaywitz, B. A., Shaywitz, S. E., Blachman, B. A., Pugh, K. R,
Fulbright, R. K., Skudlarski, P., et al. (2004). Development of
left occipitotemporal systems for skilled reading children after a
phonologically-based intervention. Biological Psychiatry, 55,
926-933.

Simos, P. G., Fletcher, J. M., Bergman, E., Breier, J. 1., Foorman, B.
R., Castillo, E. M., et al. (2002). Dyslexia-specific brain
activation profile becomes normal following successful remedial
training. Neurology, 58, 1203-1213.

Sparrow, S. S. (1969a). Reading disability and laterality. In
Proceedings of the 77th annual convention of the american
psychological association: Part 2, 4. Washington DC: American
Psychological Association.

Sparrow, S. S. (1969b). Dyslexia and laterality: Evidence for a
developmental theory. Seminars in Psychiatry, 1(3), 270-277.

Sparrow, S. S., Balla, D. A., & Cicchetti, D. V. (1984). Vineland
Adaptive Behavior Scales. Circle Pines MN: American Guidance
Services.

Sparrow, S. S., Blachman, B. A., & Chauncey, S. (1983). Diagnostic
and prescriptive intervention in primary school education.
American Journal of Orthopsychiatry, 53, 721-729.

Sparrow, S. S., Cicchetti, D. V., & Balla, D. A. (2005). Vineland
Adaptive Behavior Scales (2nd ed.). San Antonio TX: Pearson.

Sparrow, S. S., & Satz, P. (1970). Dyslexia, laterality, and neuropsy-
chological development. In D. F. Bakker & P. Satz (Eds.),
Specific reading disability: Advances in theory and method.
Rotterdam: Rotterdam University Press.

Sparrow, S. S., & Ziegler, E. (1978). Evaluation of a patterning
treatment for retarded children. Pediatrics, 62, 137-150.

Stanovich, K. E. (2000). Progress in understanding reading. New
York: Guilford.

Taylor, H. G., Satz, P., & Friel, J. (1979). Developmental dyslexia in
relation to other childhood reading disorders: significant and
clinical utility. Reading Research Quarterly, 1(15), 84-101.

Vellutino, F. R. (1979). Dyslexia: Theory and research. Cambridge,
MA: MIT Press.



	Reading, Laterality, and the Brain: Early Contributions on Reading Disabilities by Sara S. Sparrow
	Abstract
	Maturational Lag Theory of Developmental Dyslexia
	Laterality and Dyslexia
	Impact of the Theory
	Less Enduring Aspects of the Theory
	Final Comments
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


