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ABSTRACT

In the present study, sleep characteristics in reading
disabled (RD) children were recorded to examine
suggested relationships among sleep, maturational and
cognitive processes. Subjects were thirty-nine 8-10
year old boys [15 controls (Cs), M= 9.2, SD= 0.6 yrs:
24 RD, M= 9.0, SD = 0.5 yrs, (Boder criteria)].

Reading disabled children were classified as: a)
dysphonetic [N=8; (auditory-sequential processing
deficits)]: b) dyseidetic [N=8; (visual-simultaneous
processing deficits)]: or c) nonspecific [N=8; (absence
of cognitive impairments)]. Sleep was recorded in the
laboratory for four consecutive nights (2 adaptation, 2
baseline) using standard polysomnography. All groups
exhibited variations across nights reflecting
adaptation to the sleep laboratory, although these
seemed attenuated in the RD subtypes relative to the
Cs. Group comparisons (with nights 3-4 collapsed) were
undertaken between Cs and: 1) RD children pooled into
one group; and, 2) the three RD subtypes. Relative to
the Cs, RD children showed: 1) more stage 4 sleep (p<
.009); 2) less REM sleep (p< .02); 3) an extended
initial NREM cycle (p< .009), composed of greater
absolute amounts of stages 2 (p< .03) and 4 (p< .005);

and, 4) a longer REM onset latency (p< .009), also




ii
composed of more minutes of stages 2 (p< .05) ard 4 (p<
.003). Subtype analyses revealed that Aifferences in
REM sleep, initial NREM cycle duration and REM onset
latency were largest among Cs and nonspecifics (p< .05;
p< .05; p<. 01, respectively). Eye movement density
(EMD) analyses revealed that, with the exception of the
initial REM period, in which the RD children (pooled)
exhibited higher mean values than the Cs (p< .05}, no
significant group differences were noted over ali REM
periods, across the first 4 REM periods or for each
individual REM period. The sleep profile observed in
RD children, (the nonspecifics in particular), was
characterized by a significantly extended initial NREM
cycle with increased amounts of stage 4 sleep. This
may reflect the influence of an underlying maturational
delay, which decreases the functional quality of stage
4 sleep, resulting in a decelerated restitution process
in RD children. The overall absence of differences
between groups in EMD suggest that the presence or
nature of its relationship to information processing in
RD children remains unclear. The subtype differences
observed were not expected, given Boder's description
of the nonspecific subtype and suggest that her
interpretation of the behavioral profile of these

children may need revision.
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CHAPTER 1: REVIEW OF THE LITERATURE

Specific developmental reading disabilities
constitute possibly the most debilitating of learning
disorders both in terms of prevalence and negative
personal, social and behavioral consequences (Hynd &
Cohen, 1983). It is estimated that 5 to 15% of the
school-age population is afflicted by this disorder
(Taylor & Taylor, 1983). A more precise estimate is
difficult to obtain because of the uncertainty,
contradiction and controversy still surrounding the
definition and diagnosis of this entity (Adelman &
Taylor, 1986; Algozzine & Ysseldyke, 1986; Epps,
Ysseldyke & Algozzine, 1983,1985; Hooper & Willis,

1989).

Defining Specific Developmental Reading Disabilities

Over the past thirty years, this syndrome has
gained increased attention as illustrated by the large
amount of research devoted to this topic (Boder 1971a,
1971b, 1973; Critchley, 1972; Hooper & Willis, 1989;

Pirozzolo, 1979; Rourke, 1985; Silver & Hagin, 1990;
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vellutino, 1979). Such research has revealed that many
factors, such as low intelligence, inadequate
education, serious physical, psychological and social
problems, and severe brain damage, are associated with
reading and spelling problems (Benton, 1975; Hynd &
cohen, 1983; Vellutino, 1977). Especially perplexing
to investigators, however, are children who, although
normal in other respects, still experience great
difficulty in learning to read and spell (Vellutino,
1977). This is not to suggest that specific reading
disabilities cannot co-exist with abnormal
intellectual, emotional, educational or physical
functioning, but rather they are termed 'specific’
because they are not primarily caused by such factors
(Boder, 1973; Boder & Jarrico, 1982). The acceptable
definitions of learning, and more specifically reading,
disabilities providéd by professional agencies and
groups (for listings see Critchley, 1972; Hooper &
willis, 19%9: Hynd & Cohen, 1983) attempt to rule out
handicapping factors, whether physical, mental,
emotional, environmental and/or educational, which
could possibly interfere with the process of learning

to read or write (Boder, 1973; Hynd & Cchen, 1983). It
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is thought that this elimination of associative factors
by exclusion provides assurance that the reading
difficulties are not an expression of these extrinsic
variables (Benton, 1977; Boder, 1973; Boder & Jarrico,
1982). These definitions also attempt to highlight
variables which may contribute to learning or reading
disabilities, such as an underlying central nervous
system (CNS) dysfunction, and most reflect researchers’
presumption of a neurolegic etiology (Hooper & Willis,
1989; Hynd & Willis, 1988). However, these
exclusionary definitions remain quite imprecise in
their description of what learning and reading
disabilities actually are and, as highlighted by Epps
et al. (1983, 1985) and Hooper and Willis (1989), this
lack of clear, guiding operational criteria limits

their use in clinical and research settings.

Homogeneity versus Hecerogeneity of the Syndrome

One area of considerable controversy which has
blurred the understanding of reading disabilities
centers around their definition as a single or multiple

syndrome entity. Many investigators have argued for a

[P 51



unitary explanation and have attempted to uncover one
underlying causal factor explaining the reading
deficits (Doehring, Trites, Patel, & Fiedorowicz,
1981; Hooper & Willis, 1989; Malatesha & Dougan, 1982;
Rourke, 1985). During the 1970's, however, the true
complexity of the problem gradually became recognized.
Research on cognition, language, reading, neurology and
neuropsychology (reviewed in Doehring et al., 1981;
Hooper & Willis, 1989) revealed the intricate
interactions between these processes and offered much
support for the conceptualization of learning and
reading disabilities as a heterogeneous clinical entity
(Doehring et al., 1981; Hooper & Willis, 1989), a
conceptualization currently held by most researchers
and clinicians working with this clinical population.
The various unitary explanations proposed were too
narrow and simplistic to provide a complete
understanding of the syndrome. Nevertheless, these
explanations provided fundamental ideas which have
guided research attempting to characterize the multiple
factors underlying specific learning and reading
disabilities (Hooper & Willis, 1989). Following is a

brief presentation of the various unitary factors



thought to be responsible for the disorder. [More
complete reviews can be found in Doehring et al. (1981)
and Hooper & Willis (1989}].

Specific Reading Disabilities as a Homogeneous Entity

no Ce al teralij o

Perhaps the most prominent unitary explanation of

developmental learning disabilities is the absence of
normal lateralization of processes, examples of which
include incomplete lateralization and maturational lag
in the development of cerebral lateralization (Hooper &
Willis, 1989; Obrzut, 1988). The suggestion of
abnormal lateralization is based upon Orton’s (1937)
original suggestion that a lack of hemispheric
dominance is responsible for left-to-right confusions,
a condition known as "strephosymbolia".
Neurophysiological techniques, such as dichotic
listening, have been frequently used to test the
incomplete lateralization hypothesis (Bryden, 1970;
Hynd & Obrzut, 1981; Obrzut, Hynd, Obrzut, & Leitgeb,
1980; Obrzut, Obrzut, Bryden, & Bartels, 1985; Sparrow,
1969; Witelson & Rabinovitch, 1972; Yeni-Komshian,
Isenberg, & Goldberg, 1975; Zurif & Carson, 1970).

Most of these reports found no significant differences



between normal and dyslexic readers, with both groups
demonstrating a Right-Ear-Advantage (REA) for verbal
material, suggesting left-hemispheric lateralization
for processing linguistic information (Bryden, 1970;
Sparrow, 1969; Yeni-Komshian et al., 1975). Others
have found that disabled readers possess a left
lateralization of linguistic processes but to a lesser
degree than normal readers (Hynd & Obrzut, 1981; Obrzut
et al., 1980; Obrzut et al., 1985). Taken together,
these results are thought to suggest that language is
lateralized to the left hemisphere in both normal and
reading disabled children, thus offering no support for
the incomplete lateralization hypothesis. However,
they also suggest that "the efficiency of the language
processor is less functional in learning disabled
children" (Obrzut, 1988, p. 572). There remains a lack
of consensus, however, regarding the role of cerebral
Jateralization in reading disability (Obrzut & Hynd,
1981).

The second hypothesis mentioned above, i.e., a
maturational lag, is based upon Lenneberg's (1967)
suggestion that the two hemispheres are equipotential

at birth but that the left becomes more specialized for
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language with increasing age. At a general level, this
hypothesis predicts that learning disabled children
present with a developmentally delayed central nervous
system. More specifically, the development of left
hemispheric specialization for linguistic processing is
maturationally delayed and this negatively impacts on
their ability to learn to read (Hooper & Willis, 198%;
Obrzut, 1988).

Dichotic listening techniques have also been used
to test the maturational lag hypothesis. Some
researchers (Bakker, 1973; Bakker, smink, & Reitsma,
1973; Bakker, Teunissen, & Bosch, 197&; Satz, Rardin, &
Ross, 1971; Satz & Van Nostrand, 1972; Sparrow & Satz,
1970) have compared REA differences in younger and
older normal and dyslexic readers. Their results
support the notion of increased lateralization with age
and that this develdpmental process is slower in
reading disabled children. Such findings have been
used by these authors as evidence for a maturational
lag in learning disabilities and, as will be seen in a
later section, such a concept has been incorporated in
some learning disability classifications (Satz et al.,

1971) . Other investigators, however, (Hynd et al.,



1979; Hynd & Obrzut, 1981; Obrzut, Hynd, Obrzut, &
Pirozzolo, 1931) have demonstrated that, although
reading disabled children perform more peorly than
normal readers, both groups show an overall REA., They
could not find evidence of increasing lateralization
with age and attributed the group differences to
attentional factors (Hynd et al., 1979; Obrzut, 1988).
As reviewed in Hynd and Willis (1988), there is
also increasing evidence at anatomical and behavioral
levels which support the notion that the hemispheres
are lateralized for function at a very early age.
Therefore, despite the fact that this hypothesis is
still viewed as a possible underlying factor in
learning disabilities (satz et al., 1971}, the
maturational lag hypothesis, as it relates to the
development of cerebral lateralization, has received
limited support and is viewed by some as untenable

(Hooper & Willis, 1989; Hynd & Wwillis, 1988; Obrzut,

1988).
Visual-Perceptual Deficits

Some researchers have postulated visual-perceptual
process deficits in specific developmental dyslexia

which interfere with the normal processing of visual



information (Doehring et al., 1981; Silver & Hagin,
1966; Vellutino, 1979). An important factor in reading
ability is the nature of eye-movement patterns (Rubino
& Minden, 1973), and while reading normal or proficient
readers execute a series of saccades, fixations and
regressions (Pirozzolo, 1979; Rayner, 1978), resulting
in a repetitive "staircase pattern" (Pavlidis, 1981).
Reading disabled children, however, exhibit deficient
eye movement patterns during reading, e.g., more
fixations, regressions and return sweep inaccuracies
than normal readers (Mosse & Daniels, 1959; Pavlidis,
1981; Pirozzolo, 1979, 1983; Rayner, 1978; Rubino &
Minden, 1973; Tinker, 1958).
visual-puditory (Intermodal) Processing Deficits
Visual-auditory processes are also considered
important for efficient reading permitting the
translation of printed symbols into oral language
(Resnick, 1979). The associative process between
visual and auditory information is thought to be
deficient in reading disabled children, rendering them
incapable of transforming the written language into
oral language (Birch & Be.mont, 1964; Rubenstein,

Lewis, & Rubenstein, 1971).
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The role of possible disorders in auditory
processes used in recoding the written language to
spoken language has been investigated (Doehring et al.,
1981; Tallal, 1980). Reading disabled children are
thought to exhibit auditory-perceptual deficits related
to the difficulty in learning sound-symbol
relationships.

Linguistic Processing

Fox and Routh (1980) and Liberman and Shankweiler
(1979) focus upon more specific deficits in linguistic
processing as a possible unitary cause of reading
disabilities. They postulate that reading achievement
is correlated with the ability to segment spoken words
into phonemes, and that dyslexic children lack the
necessary awareness of phonemic segmentation to analyze
words as strings of phonemes.

It is also suggested that deficits at higher
linguistic levels could help explain reading
disabilities (Doehring et al., 1981). Vogel (1977)
suggests that poor readers have deficient morphological
ability. Thus, they may not be making efficient use of
the semantic and syntactic clues provided in the

morphology of written language, resulting in greater
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difficulty in combining the smallest units of meaning,
the morphemes, into words. Vellutino (1979) presents a
verbal processing theory which posits that verbal
coding mechanisms are used for processing information
in short-term memory prior to deposit in long-term
memory. Efficient reading thus depends upon this
ability to code information verbally, and, according to
this theory, reading disabled children are not
proficient in this process. They have short-term and
long-term memory deficits because they tack facility in
employing linguistic devices to aid recall.

Specifi Dis es t 8

As mentioned earlier, there has been an increasing
realization that specific developmental dyslexia does
not constitute a homogeneous diagnostic entity. As a
result of this awareness, various methods have been
used to identify subtypes of disabilities. These
approaches may be generally classified as statistical
and nonstatistical. A brief and selective review of
investigations using these classification methods is
presented below. [More complete reviews can be found

in Doehring et al. (1981) and Hooper & Willis (1989)].
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Statistical Classifications

The first major attempt to use statistical
techniques to subtype reading disabled children was
undertaken by Doehring and Hoshko (1977). Using the Q-
technique of factor analysis, they defined three
subtypes of children with reading problems. The first
subtype - Type O - linguistic deficits - consisted of
children with oral reading problems. This group
possesses poor oral word, phrase and sentence reading
skills but good silent reading, visual matching and
visual-auditory matching skills. A second subtype -
Type A - intersensory integration deficits - included
children with intermodal association problems who are
poor in rapidly matching spoken and printed letters,
words and syllables (auditory-visual matching) but good
at visual scanning. Finally, the third subtype - Type
S - phonological deficits - consisted of children with
sequential relation problems. These children are near
normal in visual and auditory-visual word and syllable
matching, but experience difficulty in the rapid
perception of sequences of graphemes and phonenmes.

Petrauskas and Rourke (1979) have attempted to

classify subtypes of reading disabilities in terms of
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neuropsychological performance. They administered 44
neuropsycholegical tests assessing tactile, sequencing,
motor, visual-spatial, auditory-verbal and abstract-
conceptual skills. Using the Q-technique of factor
analysis they classified reading disabilities into
three subtypes. These are as follows: Type 1, the
largest subtype, consisting of children with mildly
impaired verbal coding, word blending, and immediate
memory for digits who have moderately and severely
impaired verbal fluency and sentence memory. These
deficits provide clear evidence of a language
disturbance with difficulties in auditory-verbal memory
and auditory-perceptual skills; Type 2 combines
children with mildly impaired verbal fluency and
concept formation. They have moderately to severely
impaired finger reccgnition and visual-spatial memory.
They also appear to have sequencing difficulties. The
authors hypothesize that this combination of problems
reflects a dysfunction in the posterior region of the
left hemisphere; and, Type 3 composed of readers with
mildly impaired finger recognition and immediate memory
for digits. They have mildly to moderately impaired

verbal fluency, sentence memory and immediate visual-
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spatial memery, and moderately to severely impaired
concept formation. Their predominant deficits are in
conceptual flexibility, motoric and verbal expressive
and retentive skills.

Satz and Morris (1981) performed a cluster
analysis of an unselected sample of 236 boys from which
they have identified five subtypes, based on
achievement and neuropsychological variables. The
children found in subtype 1 (N=27), a global language
impairment group, showed severe impairment on all
language measures but normal performance on the non-
language perceptual tests. Subtype 2 (N=14), was
composed of readers with a specific naming disorder,
being selectively impaired on the verbal fluency test.
In subtype 3 (N=10), the children were severely
impaired on all neuropsychological tests (both language
and perceptual), resulting in a global language and
perceptual (mixed) impairment group. Subtype 4 (N=23),
a visual=-perceptual~motor impairment group, was
characterized by selective impairment on the non-
language perceptual tests but normal performance on the
language tests. Finally, subtype 5 (N=12) consisted of

boys having no impairment on any of the
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neuropsychological tests and average to superior
performance on all cognitive tests. This group
constituted an unexpected learning disabled subtype.

satz and his co-workers (Fletcher, 1981; Fletcher
& Satz, 1980; Fletcher, Satz, & Scholes, 1981; Satz &
Morris, 1981; Satz, Rardin, & Ross, 1971; Satz &
Sparrow, 1970) have integrated the subtypes with the
notion that a maturational lag in the establishment of
left hemisphere lateralization underlies reading
disabilities by causing a deiay in the rate of
acquisition of developmental reading skills. The
younger readers seem to be delayed in acquiring
sensorimotor-perceptual skills, necessary for the
processing of graphological and phonological
attributes. They eventually master these skills, but
do so at an older age than normal children and, thus,
are delayed in acquiring the "older" verbal-conceptual
skills necessary for the semantic and syntactic
processing.

The statistical classifications have not, in
themselves, provided answers to the major questions
concerning reading disabilities. Although these

approaches are not without flaws and limitations, they
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have managed to specify some linguistic and
neuropsychological characteristics of different
subtypes (Doehring et al., 1981; Hooper & Willis,
1989), adding to the information provided by the
nonstatistical classifications.
Nonstatistic c ical-In ons
What is recognized as the first nonstatistical
classification scheme was elaborated by Kinsbourne and
Warrington (1963). From this model, other attempts at
nonstatistical classification have developed (Hooper &
Willis, 1989). These researchers identified two
clinical subtypes based on subjects' performance on the
Weschler Intelligence Scale for Children (WISC). Their
first subtype (N=6) was labelled "language retarded”
and demonstrated great discrepancy (>20 points) between
scores on the Verbal and Performance Scales (PIQ >
vIQ), as well as receptive and expressive language
difficulties. Subtype 2, labelled the "Gerstman group”
exhibited the opposite pattern, with the discrepancy
between the Verbal and Performance scales favering the
VIQ. They also had accompanying finger agnosia,
arithmetic difficulties and left-right confusion,

demonstrating their visual-perceptual deficits.
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According to Mattis, French, and Rapin (1975),
fluent reading requires adequate development of
language, motor-speech blending fluency and
visuospatial perception. Therefore, deficiencies in
these processes impair acquisition of reading skills.
On the basis of this underlying hypothesis, these
authors have identified three non-overlapping subtypes.
Group 1 constitutes a language disorder subtype with
deficiencies in naming, listening comprehension, oral
sentence repetition and speech sound discrimination;
Group 2 ~ an articulatory and graphomotor
dyscoordination subtype, consists of children having
deficiencies in sound blending and graphomotor ability:
and Group 3 combines children with a visual-perceptual
disorder, having deficiencies in various visual,
nonverbal abilities.

Rourke and Finiayson (1978) classified learning
disabled children into three subtypes based upon
performance on the Wide Range Achievement Test (WRAT).
Subtype 1 - a reading-arithmetic-spelling (RAS) group -
consisted of children who scored at least two years
below grade-level (< 19th percentile) on the reading,

arithmetic and spelling subtests of the WRAT. The
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grade-level discrepancy between the various subtests
was less than one year., Subtype 2 - a reading-spelling
(RS) group - consisted of children who scored below the
15th percentile on both the reading and spelling
subtests. The grade-level equivalent scores on both of
these subtests were at least 1.8 years below the
arithmetic score. The children in subtype 3 - an
arithmetic (A) group - fundamentally exhibited the
reverse pattern of subtype 2. Their scores on the
reading and spelling subtests were at least two years
above their grade level equivalent on the arithmetic
subtest. Subsequent investigations have been
successful in replicating and validating this
classification scheme (Breen, 1986; Hooper & Willis,
1989; Nolan, Hammeke, & Barkley, 1983; Rourke & Strang,
1978) .

Pirozzolo (1979) identified two subtypes of
reading disabilities. The first subtype consists of
auditory-linguistic dyslexics. These children exhibit
deficits in verbal-learning ability and cannot remember
the phonemic features of words. It has been suggested
that this deficit might be caused by the slow

transmission of linguistic information within the lett
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hemisphere, the pathways permitting the transmission of
auditory-verbal information not being fully established
(Pirozzolo & Rayner, 1979). These children have
reading eye movement patterns that resemble those of a
beginning reader (increased number of fixations, longer
fixation durations, regressicns and forward saccades
intermixed). Pirozzolo (1979, 1983; Pirozzolo &
Rayner, 1979) suggests that this eye movement pattern
reflects a linguistic processing difficulty. The
second subtype, visual-spatial dyslexia, consists of
children presenting deficits in visual-spatial
information processing abilities. These children show
faulty eye movements because of a dysfunction in the
spatial mechanism that guides the eye. The author
concludes that this subtype results from abnormally
slow visuo-motor processing in the left hemisphere,
suggesting a dysfunction in the left visual association
areas.

One popular nonstatistical classification and
diagnostic approach has been elaborated by Boder
(1971a, 1971b, 1973; Boder & Jarrico, 1982). As will
be seen shortly, this typology seems to lend itself

well to the study of cognitive processing in

e
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developmental reading disabilities and is used to
define the subtypes of reading disabled subtypes in
this study. A more in-depth description of this scheme
will now be presented.

Boder (1971b) observed "a consistent correlation
... between the reading and spelling of a dyslexic
child" (p.302), and has identified four subtypes of
reading disabilities on the basis of the reading-
spelling patterns of the child. Three of these
patterns characterize specific developmental dyslexia,
where deficits in either or both gestalt and analytic
cognitive processing (to be explained in the following
section) are evident. It is thought that these
deficits result from an underlying neurodevelopmental
lag (Boder & Jarrico, 1982). Boder's three dyslexic
subtypes are as follows:

Group 1: Dysphonetic dyslexia -- These children
have difficulty in the integration of written symbols
with their sounds, resulting in a disability in
developing phonic word-analysis skills. They rely on
sight alone when approaching written material. The
typical misreadings of this group are word

substitutions, based on the similarity of the visual
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configuration (reading thorse' for ‘hcuse'), and
semantic substitutions ('funny' for tJaugh'). Their
typical misspellings are phonetically incorrect
('sleber' for ‘scrambled'). Sixty-three percent of all
dyslexics are thought to be found in this subtype:;
Group 2: Dyseidetic dyslexia -- This subtype is
composed of children showing weakness in visual
perception and memory for letters and whole-word
configurations, with resulting difficulty in developing
word-analyvsis skills. Their typical misreadings are
phonetic pronunciations of non-phonetic words ('tale!
for 'talk'). Their typical misspellings are
phonetically accurate ('tok' for ttalk'). These
children are characterized by visuospatial letter and
word reversals in both reading and writing. This group
is the smallest of the three, constituting 9% of all
dyslexics; Group 3 -- Mixed Dysphonetic-Dyseidetic
dyslexia: Children in this group have difficulty
developing both sight vocabulary and phonic skills.
They have difficulty learning what letters sound and
look like. Their typical misspellings are very
bizarre, such as a single, inappropriate initial

letter. In reading and spelling they are plagued with
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visuospatial difficulties, confusing reversible letters
(b-d;p-q;m-w) and letters with subtle graphic
differences (h-n;v-y). They are virtually nonreaders
and nonspellers. Twenty-two percent of reading
disabled children are found in this group: and, Group
4: Nonspecific reading disabled children -- These
children exhibit a normal reading-spelling pattern.
Boder (1973; Boder & Jarrico, 1982) suggests that the
reading-spelling problems in these children are not
primarily caused by weaknesses in cognitive processing
resulting from a neurodevelopmental lag, but rather by
physical, mental, emotional, sociocultural and/or
educational factors.

gix percent of the dyslexic children studied by
Boder could not be classified within a subtype. They
consisted of 'undetermined dyslexics', representing
remediated dysphonetics and, occasionally, older and
gifted dyseidetics (Boder & Jarrico, 1982).

Cognitive Processing in Dysphonetic, Dyseidetic and

Mixed Dyslexia
Ae Boder (Boder & Jarrico, 1982) suggests: "The
observation that the reading and spelling patterns of a

given child are mutually predictive led to the
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hypothesis that to a very substantial extent the same
cognitive strengths and weaknesses underlie reading and
spelling" (p.82). The author consequently attempted to
identify cognitive strengths and weaknesses inherent to
each subtype, and adopted the premise that two
processes are essential to reading: visual
(simultaneous) and auditory (sequential) (Aaron, 1982;
Baron 1979; Das, Kirby, & Jarman, 1975; Meyer,
Schvaneveldt, & Ruddy, 1974; Wiener & Cromer, 1967).
Familiar words (in sight vocabulary) are recognized
through visual processes as visual-gestalts.

Unfamiliar words are recognized through auditory
processes by phonetic analysis (Myklebust, 1965). In
normal readers, there is an automatic interplay of both
visual-gestalt and auditory-analytic information
processes (Das et al., 1975). 1In the dyslexic child,
however, this interplay is dissociated {Boder, 1971a,
1971b). Thus the dysphonetic's reading-spelling
pattern suggests a major weakness in auditory-analytic
(sequential) skills but a normal functioning of the
visual-gestalt cognitive function. The dyseidetic
child's reading-spelling patterns exhibit weakness in

the visual-gestalt (simultaneous) function but a normal
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functioning of auditory-analytic skills. The mixed
dysphonetic-dyseidetic dyslexic's reading-spelling
patterns indicate weaknesses in both information
processing strategies. Using this framework, specific
developmental dyslexia can be defined as "a reading
disability in which the reading and spelling
performance gives evidence of cognitive deficits in
either the visual-gestalt function, or auditory-
analytic function or both. A corollary of this
definition is that when the reading-spelling pattern of
poor readers gives no evidence of such cognitive
deficits, the reading disability is regarded as
nonspecific rather than dyslexic." (Boder & Jarrico,
1982, p.5).

Boder's model has also permitted the elaboration
of a diagnostic test - The Boder Test of Reading-
Spelling Patterns (BTRSP - Boder & Jarrico, 1982) =
which facilitates the grouping of reading disabled
children into one of the various subtypes based on
their reading (word recognition) and spelling

performances.
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Evaluation of the Boder Classification Scheme and of

the BTRSP

Research evidence (reviewed in Hooper & Willis,
1989) has provided mixed support for both Boder's
classification scheme and for the BTRSP. Studies
looking at various neurcpsychological factors, such as
simultaneous-sequential processing, intrasensory
integration and visual memory, have found differences
between the dysphonetic and dyseidetic dyslexic
subtypes (Aaron, 1978, 1982; Bauserman & Obrzut, 1981;
Bayliss & Liversey, 1985; Dalby & Gibson, 1981; Menken,
1981; Nockelby & Galbraith, 1984). However, other
studies investigating reading disabled children's
performance on a variety of cognitive tasks (Holmes &
Peper, 1977; Hooper & Willis, 1989) could not
distinguish between the dysphonetic and dyseidetic
subtypes, although differences in performance were
obtained between a pooled dyslexic group, controls, and
nonspecific reading disabled children. As well,
investigations using dichotic listening techniques and
hemiretinal tasks have also provided mixed support for
Boder's classification. While some authors reported

evidence of hemispheric differences between the
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subtypes (Malatesha & Dougan, 1982), Aylward (1984)
could not differentiate between the dysphonetics' and
dyseidetics' performances.

Electrophysiological studies of EEG and event-
related potentials (ERPs) have also provided mixed
support for Boder's classification. Fried (1979) and
Fried, Tanguay, Boder, Doubleday and Greensite (1981)
studies ERPs in normal, dysphonetic and dyseidetic
readers. They found that the dyseidetic and normal
children demonstrate significantly greater waveform
differences between ERPs to word and musical chords
over the left as compared to the right hemisphere. The
dysphonetics did not show such asymmetry, suggesting
that the dysphonetic readers may not have normal left
hemispheric specialization for auditory-linguistic
information-processing. The dyseidetics, presumed to
have skills in sequential processing, did not differ
from normal readers on this respect. Fried (1979) and
Fried et al. (1981) have not found evidence of a right
hemisphere dysfunction thought to underlie the visual-
spatial difficulties of the dyseidetics.

Rosenthal, Boder and Calloway (1982) have also

reported hemispheric differences between dysphonetic
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and dyseidetic subtypes. Leisman and Ashkenazi (1980),
however, were unable to find any distinctions between
reading disabled subtypes. Flynn and Deering (1989)
found that during cognitive tasks dyseidetics exhibited
increased theta activity in the left hemisphere in the
area of the angular gyrus, a region thought to be
important for phonetic and sequential processing of
linguistic material. They have suggested that the
dyseidetic children's reading impairments may stem from
over-use of linguistic abilities rather than visual-
gestalt deficits as suggested by Boder.

As mentioned previously, research findings
regarding the validity and reliability of the BTRSP
have also been mixed. Although some investigators have
found the BTRSP to be both a reliable and valid
diagnostic instrument (Camp & Dolcourt, 1977; Ginn,
1979; Whiting & Jarrico, 1980), others have identified
problems which may limit its usefulness. Reynolds
(1984), for example, found the BTRSP to be weak on many
important psychometric concepts. He suggests that the
lack of a standardized procedure regarding
administration of the spelling test, as well as the

lack of normative data and standard scores, contribute
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to the inappropriateness of using this as a diagnostic
tool for reading disabled children. Alexander (1984)
raised serious concerns regarding the theoretical
background upon which the BTRSP rests. She suggests
that the test's exclusion of reading comprehension [not
exclusive to this scheme, however (Hynd & Hynd (1984) ]
and failure to acknowledge the interactive aspects of
reading, oversimplifies the reading process as well as
the cognitive processing underlying reading and
spelling. Overall, she believes that the BTRSP
"promises much but delivers little" (Alexander, 1984,
p. 532).

Finally, the precision with which the BTRSP
appropriately diagnoses and subtypes children
presenting specific reading disabilities has been under
scrutiny. Some researchers have found that it
frequently misdiagnoses children either through a high
rate of false negatives or, more specifically,
misdiagnosing severely deficient readers as
nonspecifics (Lund, Yingling, Galin, Marcus, & Simons,
1984 : Nockelby & Galbraith, 1984).

Clearly, these mixed results on both Boder's

classification scheme and the BTRSP raise concerns
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regarding their overall usefulness. As Hooper and
Willis (1989) suggest: "Although Boder is commended for
providing a systematic procedure to complement her
subtyping model .... the efficacy of this test and the
subtyping model from which it was derived await
further clarification" (p. 133).

Learning Disabilities Classifications: Unresolved

lssues

As can be seen from this review of the various
statistical and nonstatistical typologies, at least
three subtypes of learning disabilities are repeatedly
identified: an auditory-linguistic subtype, a visual-
perceptual subtype, and a combined or mixed subtype.
This finding underscores the importance of viewing this
clinical entity within a multidimensional framework.
However, although the subtyping research has helped
increase researchers' and clinicians' knowledge of
learning disabilities, important issues regarding these
classifications remain unresolved and limit the
understanding of this disorder (Hooper & Willis, 1989;
Hynd & Hynd, 1984; Rourke, 1985, 1991).

From the numerous classification models available,

it is clear that there is still no generally accepted
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typology. This lack of consensus, resulting in large
part from the definitional issues previously mentioned,
demonstrates the importance of resolving and clarifying
the conceptual bases upon which the subtyping research
rests (Hooper & Willis, 1989).

Another important issue, which limits the
contribution of the subtyping research, is the degree
to which underlying etiological factors are identified.
Most classification schemes assume neurologic
etiological factors (Boder, 1973; Boder & Jarrico,
1982; Hooper & Willis, 1989; Hynd & Willis, 1988) but,
with the exception of Rourke (1987) who has proposed a
theory concerning neurocanatomical factors underlying
nonverbal learning disabilities, the various typologies
do not provide information regarding what these
specific factors might be (Hynd & Hynd, 1984).
Therefore, "more research delineating specific
structure-function linkages clearly is needed,
particularly with respect to its application to
learning disability subtypes" (Hooper & Willis, 1989,

p. 28).
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Neuroloqical/Neurolinquistic Models of

Reading Disabilities

one attempt to delineate "structure-function
linkages" is evident in the elaboration of
neurological/neurclinguistic models of reading and of
reading deficits (Hynd & Hynd, 1984; Hynd, Semrud-
Clikeman, Lorys, Novey, & Eliopulos, 1990; Marshall &
Newcombe, 1973, 1980; Sevush, 1983). These models are
based on Luria's theory of functional brain
organization (1970, 1980) and description of a
functional system for reading which postulate that
various cortical areas (left and right medial occipital
lobes, angular gyrus, Wernicke's area, arcuate
fasciculus, Broca's area) work in an integrated fashion
at different stages in the process of reading. The
models suggest that abnormalities or deficits at any
point in any cortical region or neural pathway involved
in the system for reading will make it less functional
and result in a variety of reading deficiencies, such
as those described in the subtyping typologies (Hynd &
Hynd, 1984). Evidence in support of the
neurological/neurolinguistic models can be found in

electrophysiological and postmortem studies.
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Electrophvsiological Studies

Using brain electrical activity mapping (BEAM),
Duffy and his colleagues, (Duffy, Burchfield &
Lombroso, 1979; Duffy, Denckla, Bartels & Sandini,
1980; Duffy, Denckla, Bartels, Sandini, & Kiessling
1980) have found increased alpha and theta activity
(which they have interpreted as being suggestive of
relative underactivation) in Broca's area, the left
temporal area, the left posterior quadrant (including
Wernicke's area) and the mediofrontal lobes. Most of
these areas are thought to be in the functional system
for reading (Hynd & Hynd, 1984). Subsequent
observations in dyslexic adults of hypometabolic
activity in the left temporal region and in the left
posterior quadrant during reading, offer some support
for a notion of relative cerebral underactivation in
this population relative to normal readers (Gross-
Glenn, Duara, Yoshii, Barker, Chang, Apicella, Boothe,
& Lubs, 1987, 1990).

Postmortem Studies

Cytoarchitectonic studies (Drake, 1968; Galaburda,

Corsiglia, Rosen, & Sherman, 1987; Galaburda &

Eidelberg, 1982; Galaburda & Kemper, 1979) have also
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provided evidence in support of developmental
abnormalities in dyslexic brains in the regions
associated with the functional system for reading (Hynd
& Hynd, 1984). Such studies have demonstrated that
anomalies, such as symmetry of the left temporal plane,
cortical dysgenesis, and fibromyelin plaques, are
frequently present in dyslexic brains and may possibly
result from disruptions in cellular migration and
organization during the maturation of the brain (Hynd &
Willis, 1988). Recent evidence (Galaburda, 1990;
Geshwind & Behan, 1982; Pennington, Smith, Kimberling,
Green, & Haith, 1987; Sherman, Rosen & Galaburda, 1989)
suggests that these neurodevelopmental errors which may
stem in part, from autoimmune disorders and/or from
abnormalities in the cell death process, disrupt normal
corticogenesis (Duane, 1991; Hooper & Willis, 1989;
Hynd et al., 1990; Hynd & Hynd, 1984), and may possibly
delay the maturation of the left hemisphere and disrupt
the establishment of normal linguistic functioning
(Geshwind & Behan, 1982). One recent magnetic
resonance imaging investigation has documented
significant morphological differences in the left

planum temporale of dyslexic children relative to age-
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matched normal controls and subjects with an Attention
Deficit Disorder with Hyperactivity (Hynd et al.,
1990) . These authors postulate that absences of
"significant differences between these groups in total
brain area suggest that this regional variation in
brain morphologic characteristics is due to a more
specific deviation in brain ontogeny" (p. 922). Such an
hypothesis implicates once again the possible role of
maturational issues in reading disabilities but not in
relationship to the developrent of cerebral
lateralization per se, as previously discussed.

Rather, it would seem to relate specifically to the
maturation of the various cerebral regions (and to
their various interconnections) thought to be
implicated in the reading process and known to be
subjected to pre and postnatal ontogenetic influence
(Hynd & Willis, 1988).

Support for these neurological/neurclinguistic
models is still limited, and many of the supportive
studies have been criticized on methodological grounds
(in particular those involving autoimmune factors -
Hynd & Semrud-Clikeman, 1989; Taylor & Fletcher, 1983).

Clearly, more research is needed before the neurologic
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etiological factors underlying learning and reading
disabilities are pos.tively identified. Nonetheless,
the models presented offer some insight into the
possible relationship between structural and functional
deficits encountered in learning and reading
disabilities, and how these may be reflected in their
particular subtypes. The incorporation of such ideas
into the subtyping research seems necessary in order to
provide a better explanation of the basis for learning
disabilities as opposed to simply providing a
description of the various defic’encies encountered.

As Hooper and Willis (1989) aptly point out, however,
Luria's theory, on which the neurological/neuro-
linguistic models are based, stems from reg:arch
undertaken in adults. As such, this limits the
generalizations that can be made to a pediatric
population in which brain-behavior relationships are
more dynamic. Future subtyping models will need to
incorporate such neurodevelopmental considerations.
Clearly, much progress has been made over the past
twenty years with regards to empirical and clinical
understanding of specific developmental learning

disabilities. Perhaps the most noticeable advance has
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been in the conceptualization of this disorder as a
heterogeneous, rather than a homogeneous, clinical
entity. As well, recent research efforts have
attempted to identify and clarify possible neurologic
etiological factors aud relate these to the various
learning disability subtypes. Despite this progress,
however, more studies are required if greater
understanding of lea.ning and reading disabilities is
to be achieved.

Research into the behavioral and etiological
features associated with this disorder has focused on
variations during wakefulness where the negative
effects impact most noticeably. However, studies of
sleep could prove useful since much is now known
regarding normative aspects of sleep patterning and
events, and "-ese activities have been related to both
biological substrates and developmental factors
(Feinberg, 1974; Hobson & McCarley, 1977; Pivik, 1983;
Roffwarg, Muzio, & Dement, 1966) which are important

considerations in learning disability research.
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The Study of Sleep

in Specific Developmental Reading Disabilities

The study of sleep patterns and events provides
the opportunity to obtain valuable physiological
information free from the distracting variables of
wakefulness and permits cross-state comparisons. Much
is now known regarding the normative expression of
sleep patterns and events in both adult and pediatric
populations (Busby, Firestone, & Pivik, 1981;
Carskadon, 1982; Coble, Kupfer, Taska, & Kane, 1984;
Coble, Kupfer, Reynolds, & Houck, 1987; Feinberg, 1974;
Williams, Karacan, & Hursch, 1974). Studies
investigating sleep patterns and events have also been
undertaken in pediatric clinical disorders such as
autism (Ornitz, 1972, Ornitz, Ritvo, Brown, La Franchi,
Parmelee, & Walter, 1969), hyperactivity (Busby et al.,
1981; Haig, Schroeder, & Schroeder, 1974; Khan &
Rechtschaffen, 1978; Stahl, Orr, & Griffiths, 1979),
minimal brain damage (Feinberg, Hibi, Brown, Cavness,
Westerman, & Small, 1974; Small, Hibi & Feinberg, 1971)
and mental retardation (Petre~Quadens, 1972; Petre-

Quadens & de Iee, 1970). Except for abstracted
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preliminary findings (Mercier, Pivik, Busby, & Butler,
1988,1990; Sheldon, Spire, & Levy, 1990) there are no
reports regarding electrographic sleep characteristics
in children with reading disabilities. One study has
been conducted dealing with cognitive (dreaming)
behavior during rapid eye movement (REM) sleep in these
children, and this study reported differences in the
characteristics of dreams in reading disabled children
relative to controls (Butler & Pivik, 1991). Another
study (Hilakivi, 1987), which used subjective sleep
questionnaires and sleep and dream home diaries,
reported increased sleep difficulties and lower dream
recall in learning disabled children compared o
controls. The examination of sleep patterns in reading
disabled children would therefore provide needed
information regarding the organization of sleep in this
pediatric clinical population, which can be used to
address theoretical and empirical issues related to
this population, such as physiological features (e.g.,
maturational delay) and cognitive deficits (impaired
information processing capability). These particular

issues will be considered below.
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Sleep and Maturational Issues
The ontogenetic development and expression of

sleep patterns in normal individuals is well documented
(Carskadon, 1982; Coble et al., 1984, 1987; Feinberqg,
1974; Pivik, 1983; Roffwarg et al., 1966; Williams et
al., 1974) and indicates that the study of sleep
behavior in reading disabled children could provide
information relevant to suggested physiological bases
for reading disorders such as maturational delay
(Bakker, 1973: Fletcher et al., 1981; Geshwind & Behan,
1982; Hynd & Willis, 1988: Satz et al., 1971).
variables such as amounts of REM and Slow Wave (SWS)
sleep and latency to the first REM period have been
found to decrease w.th age, whereas eye movement
density during REM sleep increases with age. Thus,
these have been linked to central nervous system (CNS)
maturation and function (Dittrichova, Paul, &
Pavlikova, 1972; Feinberg, 1974; Feinberg & Evarts,
1969; Roffwarg et al., 1966; Williams et al., 1974).
The relationship between sleep variables and CNS
maturation is suggested by findings that REM sleep
deprivatior negatively impacts on brain maturation in

some animals (Mirmiran, 1986; Oksenberg, Farber, Marks,
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Speciale, Mihailoff, & Roffwarg, 1985; Oksenberg,
Marks, Farber, Cobbey, Speciale, Mihailoff, & Roffwarg,
1986: Shaffery, Marks, Speciale, & Roffwarg, 1991). As
well, differences in some sleep parameters have
discriminated normal children from those presenting
with a variety of developmental disorders. For
example, an extended RFM latency has been found in
hyperactive relative to normal children (Busby et al.,
1981), and reduced eye movement density during REM
sleep was shown in autistic and mentally retarded
children compared to normal children of the same age
(ornitz, 1972; Ornitz et al., 1969; Petre-Quadens,
1972;: Petre-Quadens & de Lee, 1970). Therefore,
variations in these more specific parameters in reading
disabled children may be used as an indication of
underlying maturational status.
Sleep and Information Processi ogqnitive) Issues
As previously mentioned, many sleep related
variables have been linked to the maturation and
function of the CNS, features which may be necessary
for normal cognitive development (Busby & Pivik, 1983;
Roffwarg et al., 1966). Many authors (De la Pena,

Zarcone, & Dement, 1973; Dewan, 1970; Feinberg &
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Evarts, 1969; Morruzzi, 1966) have postulated that
sleep, REM sleep in particular, may be related to
information processing. Many of these theories suggest
that REM sleep serves an essential cognitive function.

one of the most influential theories linking REM
sleep to information processing in humans has been
elaborated by Dewan (1970). His Programming (P)
Hypothesis suggests that new functional structures
(programs) are established in the brain during REM
sleep, permitting memory toc be consolidated according
to the individual's needs. This activity reflects an
adaptive function of REM sleep which may enable
individuals to cope with their changing environments.

De la Pena et al. (1973) put forth a Sensory
Control for Information Processing (SCIP) Hypothesis
for REM sleep. These authors suggest that sensory
information flow during REM sleep compensates for the
relative "sensory deprivation" occurring in mature
individuals who, during wakefulness, process
information with efficient cognitive structures. This
compensatory function is thought to be illustrated by a
positive relationship between the rapid eye movements

of REM sleep and those of wakefulness, implying “a

[Py
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correlation between certain parameters of waking
perceptual-cognitive processes and REM sleep dreams,
the nature of which is influenced in large part, by
experiential or maturational (developmental)
considerations" (De la Pena et al., 1973, p.499). The
suggestion of a positive relationship between the rapid
eye movements of REM sleep and waking saccades,
however, has been debated. A similiarity between
waking and REM sleep eye movements has been reported by
several investigators (Herman, Barker, & Roffwarg,
1983; Herman, Erman, Boys, Peisir, Taylor, & Roffwarg,
1984; Jeannerod & Mouret, 1962). Jacobs, Feldman, and
Bender (1971), however, have denied the similarity
between eye movements in these two states. They
suggest that eye movements in REM sleep are not random
and are similar in every subject. Herman et al. (1983)
have pointed out, however, that these authors did not
monitor waking eye movements, thus making it unclear
wwhether eye movements in REM sleep are different from
waking saccades under any or all conditions" (p.538}.

A more recent study by Aserinsky, Lynch, Mack,
Tzankoff, and Hurn (1985) compared waking and REM sleep

eye movements and found REM sleep eye movements to be
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considerably slower than those of wakefulness.

Many investigations have attempted to determine
the relationship between REM sleep and information
processing. (Reviews of these studies can be found in
McGrath & Cohen, 1978; Horne & McGrath, 1984; and
Smith, 1985). One approach has been to examine the
effects of REM sleep deprivation on learning or memory
for a task. The majority of ihese studies suggest that
REM sleep deprivation interferes with memory
processing, and these findings have been used to argue
for an in.ormation processing function for REM sleep
(Fishbein & Gutwein, 1977, 1981; Greenberg, 1970, 1981;
Hartmann, 1981; Pearlman, 1981; Smith & Kelly, 1988).
However, the technigues used in REM deprivation
experiments (pedestal or 'flower pot' techniques in
animals for example), as well as the frequent
awakenings, provoke increased levels of stress and
anxiety. Therefore, such paradigms have been
criticized since it is difficult to determine whether
the negative effects on learning and memory are due
solely to REM sleep deprivation or to some interactions
with these potentially confounding variables (Albert,

1975; Fishbein & Gutwein, 1977; Horne, 1988; Smith,
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1985; Vogel, 1975).

The relationship between REM sleep and information
processing has also been investigated by examining
changes in sleep parameters (REM sleep in particular)
following various types of new learning experiences.
Using this approach, partial support for theories
linking REM sleep to information processing can be
found in studies examining the psychophysiological
effects of altered visual experiences on sleep.
Initially, Zimmerman, Stoyva, and Metcalf (1970)
demonstrated increased amocunts of REM sleep in subjects
wearing vision-distorting prism glasses during waking.
De Koninck and Prévost (1991) and Prévost, De Koninck,
Barry, and Broughton (1974) found increases in REM
sleep and decreases in both horizontal and vertical
rapid eye movement density in subjects wearing
inverting prism goggles during wakefulness. These
authors (De Koninck & Prévost, 1991; Prévost et al.,
1974) interpreted these results as supporting both
Dewan’s (1970) P Hypothesis and De la Pena et al.’s
(1973) SCIP Hypothesis. However, experiments
conducted by Allen, Lewis, and Tagney (1972) and a

later study by Zimmerman, Stoyva, and Reite (1978),
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have not replicated these results. These authors did
not find any eftects of spatially altered vision on REM
sleep and concluded that the information processing
theories of REM sleep could not be firmly supported.

stronger evidence in support of a link between REM
sleep and information processing comes from
investigations studying the effects of intensive
learning on REM sleep. Animal studies, using a variety
of learning tasks (Bloch, Hennevin, & Leconte, 1981;
Smith, 1985; Smith & Butler, 1982; Smith & Lapp, 1986;
Smith, Young, & Young, 1980), and human studies, using
such paradigms as intensive language learning and
intensive studying (Christ, Hébert, Weicklein, Mercier,
& De Koninck, 1991; De Koninck, Christ, & Lorrain,
1987; De Koninck, lorrain, Christ, Proulx, & Coulombe,
1989; De Koninck, Proulx, Healy, Arsenault, & Prévost,
1975;: Smith & Lapp, 1991), have found significant
increases in amounts of REM sleep following effective
learning. Many of these investigations also found
increases in number and density of rapid eye movements
(Christ et al., 1991; De Koninck et al., 1987, 1989;
smith & Lapp, 1986, 1991), suggesting a possible

relationship between these more specific REM parameters
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and information processing. As previously mentioned,
reduced rapid eye movement activity in REM sleep has
been found in developmentally delayed autistic and
mentally retarded children, both of whom display
significant cognitive deficits (Ornitz, 1972; Ornitz et
al., 1969; Petre-Quadens, 1972; Petre-Quadens & de Lee,
1970). Such results seem to offer additional support
for a possible relationship between EMD and efficient
cognitive processing. In what seem to be contradictory
findings, Busby and Pivik (1983) observed a reduction
in eye movement density during REM sleep in superior IQ
children. They suggested, however, that the
relationship between eye movement and information
processing may not necessarily be linear, and that the
reduced intensity of eye movements in these subjects
may reflect more efficient information processing
during both wakefulness and sleep. Whatever the
direction of the relationship, however, there is
support linking not only REM sleep per se, but the
phasic events of this stage as well, to information
processing (Christ et al., 1991; smith & Lapp, 1991).
m-. preceding reviews have underscored the

complexity of the reading disability syndrome and the
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important informatior which a study of sleep patterns
and events in this disorder could provide.

The investigation to be described applies
psychophysiological sleep methcdology to the study of
reading disabled children. An inescapable conclusion
from the review of the reading disability literature is
that this is a heterogeneocus syndrome. Consequently,
this study classifies reading disabled children into
subtypes according to the scheme of Boder (Boder &
Jarrico, 1982). This investigation will also provide
additional information regarding the research and
clinical usefulness of this classification scheme and

of the related BTRSP.

Hypotheses

The preceding review of the literature leads to
the formulation of the following hypotheses:
1) Basic sleep patterns (sleep stage amounts) and
associated parameters (sleep onset latency, total sleep
time, wake after sleep onset, sleep efficiency, cycle
durations - with the exception of the initial NREM

cycle - see hypothesis 2) will not differ significantly

[IRTNOTEV-E
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across dgroups.

This hypothesis is suggested by: studies in allied
clinical groups - hyperactive children in particular
(Busby et al., 1981) - which did not document any
significant differences in baseline sleep patterns
between these children and normal controls.

2) REM latency will be significantly extended in
reading disabled relative to control subjects. More
specifically, dysphonetic and dyseidetic children will
exhibit a longer REM latency relative to nonspecific
reading disabled and control children.

This hypothesis is suggested by: a) the frequently
proposed maturational delay in specific developmental
dyslexia (Bakker, 1973; Bakker et al., 1973; Boder &
Jarrico, 1982; Geshwind & Behan, 1982; Hooper & Willis,
1989; Hynd et al., 1990; Hynd & Hynd, 1984; Satz et
al., 1971). Since REM latency becomes shorter with
maturation (as illustrated by the longer REM latency in
young children compared to older children - Coble et
al., 1984; Feinberyg, Koresko, & Heller, 1967; Roffwarg
et al., 1966), it is therefore expected that
maturationally delayed children will exhibit an

extended REM latency relative to controls; and, b) the
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noted extended REM latency in hyperactive children
(Busby et al., 1981}.

3) Dysphonetic, dyseidetic and nonspecific reading
disabled children will show reduced eye movement
density (EMD) in REM sleep compared to controls, and
dysphonetics and dyseidetics will exhibit reduced eye
movement density relative to the nonspecific reading
disabled children.

This hypothesis is suggested by: a) the postulated
relationship between EMD in sleep and waking
information processing capabilities (Christ et al.,
1991; De Koninck et al., 1987: De Koninck & Prévost,
1991; De la Pena et al., 1973; Petre-Quadens & de Lee,
1970; Smith & Lapp, 1991) and the reported cognitive
dysfunction in specific developmental dyslexia (Boder,
1971a, 1971b, 1973; Boder & Jarrico, 1982; Pirozzolo,
1979; Rourke, 1985); and, b) the observed decrease in
EMD in children with developmental disorders (Ornitz,
1972; Ornitz et al., 1969:; Petre-Quadens, 1972; Petre-
Quadens & de Lee, 1970) and the proposed maturational
delay in specific developmental dyslexia (Bakker, 1973;
Bakker et al., 1973; Geshwind & Behan, 1982; Hooper &

Willis, 1989; Hynd et al., 1990; Hynd & Hynd, 1984;
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gsatz et al., 1971).

Reading disabled chiidren are thought to exhibit
inafficient and/or deficient eye movenents while
engaged in the cogniti--e task of reading (Pavlidis,
1981, 1983; Pirozzolo, 1979, 1983; Pirozzolo & Rayner,
1979). During REM sleep, a state positively related to
information prccessing (De la Pena et al. 1973: Dewan,
1970), it is therefore expected chat the dysphonetic
and dyseidetic children will exhibit reduced EMD
(similar to that found in reading - Pirozzolo, 1979),
which reflects their information processing deficits.

Although the reading difficulties of the
nonspecific reading disabled children are not thought
to result from a physiologically based cugnitive
dysfunction (as is suggested for the specific
developmental dyslexics = Boder, 1971a, 1971lb, 1973;
Boder & Jarrico, 1982; Pavlidis, 1981, 1983; Pirozzolo,
1979) they nonetheless experience certain difficulties
in processing visual material. In light of this, it is
expected that EMD in REM sleep will be reduced in this
group but to a lesser extent than that of the

dysphonetic and dyseidetic children.
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CHAPTER 2: METHODOLOGY

Subject Selection

Thirty-nine eight to ten year-old boys served as
subjects. Fifteen of these boys were control (C)
subjects (mzan age= 9.2 years, SD= 0.6). They fell
within the normal range of intellectual and academic
functioning and were free from psychological, learning
and medical disorders. A second group of twenty-four
boys (mean age= 9.0 years, SD= 0.5) presented with
specific reading disabilities (RD; criteria to be
defined in Procedures section). They had an estimated
IQ0 > 80 and were free from emotional problems, sensory
impairments, physical handicaps or gross brain damage.
All subjects were unmedicated and free from sleep
disorders. Control subjects were selected from the
local school system. The RD children were recruited
from the local school system (learning disabled
classes), and the children's Hospital of Eastern
ontario. The experimental procedures were fully
exrlai-.ed to all subjects and their parents and

informed consent was obtained prior to participation in
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the study. Subject group characteristics are presented

in Tables 1 and 2.

Procedure

Testing and Selectio ocedure

Specific factors in subject selection were
controlled by test measures obtained during one session
of daytime testing requiring approximately 1.5 hours
per subject.

The short form WISC-R (Kaufman, 1976) was used for
the assessment of intellectual functioning of all
subjects. An estimated Full Scale IQ > 80 was required
to include a child in the study.

The Boder Test of Reading-Spelling Patterns (Boder
& Jarrico, 1982) was used to determine the presence, or
absence, of a reading disability. The performance of
the RD children on this test provided the basis for
their allocation into one of three reading disabled
subtypes defined by Boder (197la, 1971b, 1973), i.e.,
a) dysphonetic [DP (n=8):; mean age= 9.1, SD= 0.6]; b)
dyseidetic [DE (n=8); mean age= 8.7, SD= 0.6); and c)

nonspecific (NS (n=8); 9.2, SD= 0.5). The choice of



Table 1

Mean (SD) Age, 1.0, and Reading Quotient f{or control (C)
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anﬂ_BnggixmLJlLﬁnglgd_iﬂnl_fgglgﬂ_gzgggg
variable Group
c RD
Age 9.2 { 0.6) 9.0 ( 0.5}
1.Q. - Shert Form )
e WISC-R# 117.2 ( 7.3) 101.7 (i0.3)
Reading Quotient* 142.0 (16.4) 79.4 {( 7.7}

pnote: in this and in subsequent tables asterisks

+p<.0001.

Table 2

Mean (SD) Age, I.0. and Reading Quotient for control

and Reading Disabled Subtyped Groups

(*) denote main effects.

Variable Group
C DP DE NS
Age 9.2 ( 0.6) 9.1 {( 0.6) 8.7 ( 0.6) 9,2 { 0.5)
I.Q. - Short Form
WISC-R* 117.2 ( 7.3)+ 106.3 ( 7.5) 98.0 (11.2)+ 100.8 (11.2)+

Readinhg Quotiente 142.0 (16.4)+ 82.0 ( 6.3)+

75.1 ( 7.1}+

81.1 ( 8.6)+

gote: in this and in subsequent tables asterisks

crosses (+) denote post-hoc pair-wise differences.
DE = dyseidetic group: NS = nonspecific group.

+p<.0001. +p<.01.

(*] denote main effects;

DP = dysphonetic group:
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these subtypes permitted a comparison between RD
children with and without specific cognitive
impairments. Briefly, the presence of a specific
(dysphonetic or dyseidetic) reading disability was
confirmed when: a) the child’s reading level was at
least one year below his grade level; and, b) there was
a discrepancy between the child’s performance on the
spelling test and on the reading test. Typically, the
performance on the spelling test was lower than that on
the reading test (50% or more of the Known Words -
words in the sight vocabulary - were misspelled).

The presence of a nonspecific reading disability
was confirmed when: a) the reading retardation was
usually less than two years below grade level; and, b)
the child had a normal reading-spelling pattern, not
reflecting cognitive deficits in either the visual or
auditory modality.

Slee ings

Subjects’ sleep patterns were recorded for four
consecutive nights on which total bedtime (TBT) was
limited to a maximum of nine hours per night. These
recordings allowed for adaptation to sleep recording

conditions (nights 1 and 2) and provided an adequate
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database for baseline sleep evaluations (nights 3 and
4). Electroencephalographic activity recorded from
central (C3/A2) and occipital (01/A2) placements was
used for sleep staging. Direct coupled bipolar
horizontal and vertical electrooculographic (EOG)
activities were recorded from electrodes placed at the
outer canthus of each eye (horizontal) and on the
superior and inferior orbital ridge of one eye
(vertical), respectively. Facial muscle activity
(electromyogram: EMG) was recorded from two electrodes
placed over the orbicularis oris muscle. The inter-
electrode impedance was <5 kOhms for all electrode
pairs. Polygraphic data were recorded on paper write-
out (Grass model 78D Polygraph) at a chart speed of 10
mm/sec and stored on magnetic tape (Hewlett Packard

8868A tape recorder).

Data Analysis

Polygraphic recordings were coded and
independently scored according to standardized criteria
(Rechtschaffen & Kales, 1968) by two individuals with

previously established scoring reliability (> .9) The
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following variables were determined: sleep onset
latency (SOL), total sleep time (TST), total wake time
(TWT), sleep efficiency index (SEI; TST/TBT), sleep
stages 1,2,3,4 and REM, latency to the first REM
period, total movement time (MT), wake atter sleep
onset (WASO) and REM and NREM sleep cycle lengths. REM
cycles were defined as total time recorded from the
onset of the first REM period to the onset of the
second REM period, from the onset of the second REM
period to the onset of the third REM period, etc. NREM
cycles were calculated using the duration of total time
recorded from the onset of stage 2 in the first cycle
to the onset of stage 2 in the second cycle, from the
onset of stage 2 in the second cycle to the onset of
stage 2 in the third cycle, etc (a methed similar to
the one described by Feinberg & Floyd, 1979). Both REM
and NREM cycles were calculated with WASO included and
deleted.

Eye movement density during REM sleep was measured
by calculating the number of 2-sec epochs containing at

least one eye movement (> 5° visual angle; 2> 40° /sec

velocity) divided by the total number of 2-sec epochs

of REM sleep (Aserinsky, 1969). Separate density
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measures were calculated as a function of night, for
the first four REM periods pooled, and for individual
REM periods.

Group comparisons for sleep patterns and
parameters and EMD characteristics were made using one-
way analyses of variance (BMDP2V -nights 3 and 4
collapsed) and, when appropriate, post hoc Tukey tests.
To investigate whether the results obtained varied as a
function of whether reading disability is considered as
a homogeneous or a heterogeneous entity, and to see if
various subtype differences in sleep patterns and EMD
could be shown, group comparisons were made: 1) between
¢ subjects and all RD children pooled into one group
[RD (pooled), N=24]; and, 2) between C subjects and the
three subtypes of RD children [RD (subtyped)} -
dysphonetic (DP): N=8; dyseidetic (DE): N=8; and

nonspecific (NS): N=8].
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CHAPTER 3: REBULTS

Adaptation Effects

Previous investigations have documented that both
adults (Agnew, Webb, & Williams, 1966: Rechtschaffen &
Verdone, 1964; Schmitt & Kaelbling, 1971) and children
(Busby et al., 1981; Carskadon, Keenan, & Dement, 1987;
Coble et al., 1987) undergo a period of adaptation to
the sleep laboratory environment which decreases the
overall quality of sleep on night 1 relative to
subsequent recording nights ("first-night effect" -
Agnew et al., 1966). Adaptation effects are usually
illustrated by increases across nights in TST, SEI, and
amounts of REM sleep and decreases across nights in
TWT, SOL, WASO, and stage 1 sleep.

Two-way analyses of variance having one between
factor [groups: C - RD (pooled); and C - RD (subtyped) ]
and one within-group factor [nights: nights 1,2,3 and
4] were undertaken tc document the presence of
adaptation effects. (Figures 1 to 7 illustrate these
results). Since group main effects were not observed

for TST (C - RD (pooled) and C - RD (subtyped), results
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Figure 1
Mean Values of Total Sleep Time Across Nights
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regarding the various sleep stages and pcrameters are
reported in relative (%) values.

¢ - RD Pooled

Significant main effects of night, indicating a
period of adaptation to the recordiny environment, were
obtained for the following variables: TST [F(3,111)=
43.47, p<.0001]; SOL [F(3,111)= 16.59, p<.0001]; SEI
[F(3,111)= 41.03, p<.0001}; TWT [F(3,111)= 43.56,
p<.0001]; WASO [F(3,111)= 28.05, p<.0001]; stage 1
sleep (F(3,111)= 12.22, p<.0001]; ard REM sleep
(F(3,111)= 11.14, p<.0001]. A significant interaction
was observed for TST [F(3,11i1)= 3.41, p<03], revealing
that the C had a greater increase in TST from night 1
to nights 2-4 than did the RDs. No significant night
differences were noted on any of the variables when
only nights 3 and 4 were analyzed.

Post-hoc mean comparisons on the variables showing
a sicnificant night effect revealed the following
relationships for both C and pooled RC subjects
(p<.05): TST - night 1 < nights 2,3,4; SOL - night 1 >
nights 3,4; SEI - night 1 < nights 2,3,4; TWT (%) -
night 1 > nights 2,3,4; WASO - night 1 > nights 2,3,4;

S1 - night 1 > nights 3,4. REM revealed a different
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relationship within each group: C - night 1 < nights
3,4 and night 2 < night 4; RD - night 1 < night 3.

C - RD Subtyped

Similar significant main effects of night were
obtained for the following variables: TST [F(3,105)=
31.03, p<.0001]; SOL [F(3,105)= 12.66, DN<.0001); SEI
[F(3,105)= 29.86, p<.0001}; TWT [F(3,105)= 32.19,
p<.0001]; WASO [F(3,105)= p<.0001]; S1 [F(3,105)=
10.47, p<.0001]; and REM [F(3,105)= p<.0002].
Significant night differences were not noted on any of
these variables when only nights 3 and 4 were compared.

Post-hoc mean comparisons on the variables showing
a significant night efrect revealed that this effect
was attenuated for some variables in RD (subtyped)
relative to controls. The following relationships were
noted in the contrnls (p<.05): TST - night 1 < nights
2-3-4; LSO: night 1 > nights 3-4; SEI: night 1 < nights
2-3-4; TWT - night 1 > nights 2-3-4; WASO - night 1 >
nights 2-3-4; S1 - night 1 > nights 3-4; REM - night 1
< nights 3-4, night 2 < night 4. The following
relationships were noted for both the dysphonetic and
dyseidetic RD subtypes (p<.05): TST - night 1 < night

3,4; SEI - night 1 < nights 3-4; TWT - night 1 > 3-4.
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No significant differences were observed for SOL; WASO;
S1: and REM. Post-hoc tests revealed no significant
differences on any of the variables showing a main
night effect for the nonspecific RD children.

Since adaptation effects were observed, and the
values obtained on some éleep stages and parameters on
night 2 were still not characteristic of fully adapted
sleep, only nights 3 and 4 (collapsed) were examined

further in subsequent group comparisons.
Hypothesis 1

One-way analyses of variance were undertaken to
provide information regarding baseline sleep
architecture in € and RD children. Summary data for
all nights are presented in Tables 3 and 4 [C and RD
(pooled)] and Tables 5 and 6 [C and RD (subtyped)].
Again, results pertaining to sleep stages and
parameters are reported in percentage values since no
group differences were documented for TST. Mean
percentage v lues of sleep measures for nights 3-4
(collapsed) are presented in Tables 7 ([C and RD

(pooled)] and & [C and RD (subtyped)]. Results from
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Table 3
eans ep Hea in Miputes (C 2 'coled)
Variable Group Night
1 2 3 4
TBT C 541.4 ( 2.6) 542.5 ([ 3.1} 542.6 ( 1.1) 542.7 { 1.0}
RD 543.7 ( 1.2) 543.9 ( 4.3) 943.9 ( 5.6) 542.9 ( 1.8)
TST c 475.7 {40.5) 518.4 {13.3) 518.1 (22.3) 522.9 (15.0)
RD 498.0 (19.9} 520.2 ( 4.3) 526.9 (11.5) 524.1 (11.1)
S0L c 18.2 (24.6) 10.0 { 6.5) 4.7 ( 5.2} 3.5 { 3.4)
RD 13.4 ( 8.4) 7.0 ( 5.4) 3.3 ( 2.7) 4.8 { 4.4)
TWT c 61.2 (41.0) 19.5 (13.7) 19.7 {22.2 13.6 (15.0)
RD 41.8 (20.1) 18.9 (14.0} 10.8 (10.6) 14.1 (10.3)
WASO c 43.2 (35.0) 10.1 (11.6) 15.3 (22.1) 10.1 (13.4)
RD 30.0 (20.2) 12.2 {12.8) 7.7 ( 9.5) 9.3 ( 9.8)
31 c 40.7 (14.6) 35,3 (13.0) 32.7 (10.4) 31.1 (10.7)
RD 33.a4 (17.4) 29.5 ( 9.1) 24.8 (12.1) 26.3 (10.9)
s2 c 236.2 (22.4) 257.9 (29.9)  251.5 (24.4)  248.5 (27.5)
RD 230.1 (32.4) 245.1 (37.5) 246.1 (36.6) 245.6 (138.5)
53 c 33.9 ( 8.4) 37.1 (13.7) 36.3 (14.1) 35.1 (12.7)})
RD 42.5 (19.0) 40.4 (18.0) 43.8 (18.1) 43.9 (18.3)
54 c 66.9 (22.2) 75.0 {18.2) 71.1 (23.2) 78.9 (14.4)
RD 93.3 (32.2) 97.1 (30.5)  96.2 (29.1) 95.6 (26.9)
REM c 98.1 (22.2) 113.2 (16.6) 126.6 (21.6) 129.3 (29.8)
RD 98.8 (l12.8) 108.5 (15.6) 116.0 (17.8) 113.2 (19.5)
NREM c 377.6 (29.9) 406.3 (21.1) 391.5 (26.7) 393.6 (24.9)
RD 399.2 (17.5) 411.6 (18.1) 410.9 (17.8) 411.3 (20.0}
SWS c 100.8 (23.9) 112.1 (24.4) 107.3 (20.3) 114.0 (20.3)
RD 135.8 (42.8) 137.4 (39.4) 140.0 (39.2) 129.4 (40.6)
MT c 4.5 ( 2.6) 4.3 ( 1.8) 4.7 ( 2.2) 5.6 ( 2.9)
RD 3.9 ( 2.3) 4,8 ( 2.3) 4.6 { 3.7) 4.2 ( 2.2)

nota: §1 = stage l; S2 = stage 2; S3 = stage 3; S4 = stage 4; MT = movement time.
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Means (SD)

of Sleep Measures jip Minutes
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(C_and RD sSubtyped)

variable Group

TBT

TST

SOL

WASO

sS1

52

S41.4
543.3
544.3
543.6

475.7
497.1
498.8
498.3

18.2
11.7
11.9
16.5

6l1.2

42.0.

41.4
42.0

43.2
0.9
29.8
29.3

40.7
J4.8
33.2
32.4

236.2
222.7
233.6
234.1

(41.0)
{27.8)
(18.4)
(14.9)

(35.0)
(27.5)
(17.9)
(16.1)

(14.6)
(17.5)
(22.9)
(12.8)

(22.4)
(32.3)
(39.5)
(27.3)

Night
3 4
{ 3.1) 542.6 {( 1.1} 442.7 ( 1.0)
{ 1.3) 545.9 ( 9.6) 542.6 ( 1.7)
{ 5.0) 542.1 { 3.8) 543.6 { 1.8)
{ 5.8) 543.6 ( 1.2) 542.3 ( 1.9)

(16.5) 521.6 (15.2) 519.7 (11.9)
{ 6.5) 4.7 ( 5.2) 3.5 ( 3.4)
( 5.8) 1.9 ( 3.0) 4.0 ( 2.7)
{ 3.9) 2.9 ( 2.4) 31,2 ( 2.9)
( 6.7) 3.1 { 2.9) 7.1 { 6.3)
(13.7) 19.7 (22.2) 13.6 (15.0)
(13.5) 10.4 ( 9.9) 12.2 ( 8.9)
(13.8) 6.0 { 7.2) 12.4 (10.4)
(16.5) 16.1 (12.6) 17.7 (11.8)
(11.6) 15.6 (22.1) 10.1 (13.4)
(11.1) 6.5 ( 8.3} 8.3 ( 8.3)
(13.5) 3.4 ( 5.3) 9.2 (10.3)
(15.3) 13.3 (11.9) 10.4 (11.8)
{13.0) 32.7 (10.4) 31.1 (10.7)
{ 8.7) 28.3 (16.2) 29.8 ( 9.7)
( 9.8) 24.2 (12.6) 27.1 (15.3)
( 5.4) 21.8 { 5.8) 22.0 { 5.3)

(29.3) 254.3 (36.9)  257.9 (37.7)

(vatle coptinueg)
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Variable
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REM

NREM

SWS

MT

{ 8.4)
(13.8)
(25.4)
(16.6)

(22.2)
(36.4)
(29.4)
(22.2)

(22.2)
(13.8)
(13.5)
{10.3)

(29.9)
(20.1)
{16.0)
(16.5)

(23.9)
(45.3)
(53.1)
(34.0)
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Night
3
(13.7) 16.3 (13.1)
(14.2) 45.3 (13.7)
(25.4) 41.2 (25.4)
{(13.1) 44.8 (16.2)
(18.2) 71.1 (23.2)

(36.4) 86.6 (28.0)
(32.5) 106.6 (30.6)
(18.7) 95.4 {29.7)

(16.6) 126.6 (21.6)
(12.8)  126.7 (13.5)
(21.6) 116.i (18.6)
(11.5) 105.3 (15.6)

(21.1)  391.5 (26.7)
(17.9) 401.1 (16.4)
(20.1)  415.2 (17.8)
(16.5) 416.3 (17.4)

(24.4)  107.3 (20.3)
(38.1) 131.9 (35.9)
(52.4) 147.8 (51.8)
(21.8)  140.3 (30.5)

) 4.7 ( 2.2)
) 3.6 ( 2.4)
) 4.8 ( 4.7)
} 5.6 { 3.7)

(12.7)
(12.3)
(26.8)
(14.9)

(14.4)
(25.6)
(34.9)
(21.7)

{29.8)
(18.6)
(22.3)
{ 9.1)

(24.9)
(20.4)
(20.9)
(14.7)
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Table 6

Night

Group

Variable

REM

NREM

SWS




Table 7

Means (SD) of Sleep Measyyes for Nights 3-4 in Percentage {C and RD Fooled)
Variable Group
o RD

TWT 3.1 (2.6) 2.3 {1.5)
WASO 2.6 (3.0) 1.6 (1.4)
SEI 95,9 {(2.8) 95.7 (1.7}
S1% 6.1 {1.7) 4.9 (2.0)
52 48.1 (4.3) 46.8 (6.5)
s3 6.9 {2.3) 8.3 (3.3)
S4hekn 14.3 (2.7) 18.2 (5.0)
REM#* 24.5 (4.0) 21.8 (3.0)
NREM*#* 75.5 (3.9) 78.2 (3.0)
SWSkak 21.2 (3.2) 26.6 (7.3)
MT 1.0 (0.4) 1.0 (1.1)

#p<.0S.,  **p<.02, ##%3p< QL. #w#*+p<,009.
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Table 8
uggn5_L&DL_2:_ﬁlgs2,ﬂga§nxg5_t21_E1gh&:.z:&.in_zgzggnszgg_ig and RD Subtyped)
VYariable

c DP DE NS
TWT 3.1 (2.6) 2.1 (1.2) 1.7 { 1.5) 3.1 (1.6)
WASO 2.6 (3.0) 1.4 (1.1) 1.2 ( 1.4) 2.3 (1.7)
SE1 95.9 (2.8) 96.8 (1.3) 97.5 ( 4.5) 96.0 (2.0}
51 6.1 (1.7} 5.5 (2.0) 4.9 ( 2.6) 4.2 (0.8)
52 48.1 (4.3) 45.1 (4.7) 46.1 ( 8.3) 49.1 (6.1)
53 6.9 (2.3) 8.2 (2.4) 8.1 ( 4.9) 8.7 (2.5)
sS4t 14.3 (2.7} 17.2 (4.7) 19.5 ( 5.9) 18.1 (4.7)
REM## 24.5 (4.0)+ 24.0 (2.8) 21.4 ( 3.1) 20.0 {1.7)+
NREM## 75.5 (3.9)+ 76.0 (2.8) 78.6 ( 3.1) 80.0 (1.7)+
SWS 21.2 (3.2) 25.4 (6.3} 27.6 (10.0) 26.7 (5.7)
MT 1.0 (0.4) 1.4 (1.8) 0.8 ( 0.7} 0.9 {0.5)
*p<.05. *#p<, 009, +p<. 05,
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the ¢ - RD (pooled) comparisons are presented below and
are followed by those from the comparisons of Cs to
subtyped RDs.

c - ocole

Sleep Stages and Parameters

The first hypothesis, which postulated an absence
of group differences in basic sleep patterns and
parameters was not confirmed. A'significant difference
was noted on the fullowing variables: Stage 1 - with
Cs exhibiting increased amounts relative to the RDs
[F(1,37)= 4.24, p<.05]; Stage 4 - with the RD children
displaying greater amounts than the Cs [F(1,37)= 7.09,
p<.009]); Slow Wave Sleep (SWS): with the RDs having
greater amounts than Cs (F(1,31)= 7.12 ,p<-01]; REM
sleep - with the Cs having increased amounts relative
to the RDs [F(1,37)= 6.10, p<.02]; and, NREM sleep -
with RD children exhibiting greater amounts relative to
the Cs [F(1,37)= 6.09, p<.02]. No significant
differences were noted on the following sleep
parameters variables: LSO; TST; WASO; and SEI. In
general, therefore, C subjects showed more REM than the
RDs while the RDs showed more stage 4 than the Cs.

Mean percentage values of sleep stages for both groups
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on nights 3-4 collapsed are illustrated in Figure 8.

Since these differences were noted, additional
analyses were undertaken to investigate the
distribution of stages 4 and REM across the night in
both groups. Baseline nights were divided into thirds
and the relative amounts of stages 4 and REM within
each third of the night for both groups were
calculated. As can be seen in Figure 9, both groups
displayed decreasing amounts of stage 4 across each
third of the night. No marked between-group
differences were found for amounts of stage 4 sleep
within each third of the night. However, RD children
did exhibit a tendency towards having more stage 4
sleep in the last third of the night relative to C
subjects [F(1,37)= 3.43, p<.07]. As Figure 10
reveals, both groups displayed increasing amounts of
REM sleep across thirds of the night. No significant
group differences were found for amounts of REM sleep
within each third of night.
cyc alyses

REM and NREM Cycle lLengths

Since a group difference in the duration of the

initial NREM cycle was postulated, analyses were
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Figure 8
Mean (SEM) Percentage Values of Sleep Stages
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undertaken to provide information regarding REM and
NREM cycle lengths in € and RD children. All subjects
completed a minimum of three REM and NREM cycles. Most
had completed at least four REM cycles (C: 15/15
subjects; RD pooled: 15/24 subjects) and four NREM
cycles (C: 15/15; RD: 18/24). Therefore, analyses
pertaining to individual REM and NREM cycles were
limited to the first four cycles. These analyses were
conducted with WASO included (real-time) and deleted.
Since the results obtained were the same in both
conditions, only those relating to real-time REM and
NREM cycle analyses are presented. Mean Qurations of
REM and NREM cycle lengths in both groups (nights 3-4
combined) are presented in Figures 11 and 12,
respectively.

No significant differences were noted for any REM
cycle lengths. However, as postulated, a significant
difference was observed for the duration of the first
NREM cycle with RD subjects displaying a longer cycle
than Cs [F(1,37)= 7.60, p<.009]}. No significant
differences were observed for the duration of NREM

cycles 2, 3 and 4.
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Figure 11
Mean (SEM) Durations of REM Cycles
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Stage composition of the first NREM cycle
and_remainder of the night

Since a significant difference was observed for

the duration of the first NREM cycle, analyses
examining the composition of this cycle and the
remainder of the night were undertaken, in which the
absolute and relative amounts of sleep stages and
parameters which make up these time periods in both
groups were computed. These data are presented in
Tables 9-12.

Analyses examining the stage composition of the
first NREM cycle indicated that RD children had greater
absolute amounts of stages 2 and 4 within this time
period relative to the Cs [F(1,37)= 5.03, p<.03 and
F(1,37)= 8.99, p<.005, respectively]. No differences
were noted for either absolute amounts or relative
amounts of other sleep stages and parameter within the
first NREM cycle.

Analyses examining the stage composition of the
remaining time in bed (rest of the night) revealed a
significant difference in absolute amounts of REM
sleep, with the Cs exhibiting more of this stage within

this time period than the RDs [F(1,37)= 8.54, p<.006]}.
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Table 9

First NREM Cycle Composjition: Means (SD)_of Sleep Meagures jin Minutes
{C anpd RD Pooled)

Sleep Measure Group
c RD

WASO 0.8 ( 1.7} 0.5 ( 1.2)
S1 2.4 { 4.6) 2.6 ( 2.5}
52+ 23.2 (11.86) JE.O (19.13)
83 12.1 ( 7.86) 13.8 ( 7.5)
S4nn 53.6 (12.5) 67.3 (14.7)
REM 8.1 ( 5.1) 12.6 (10.1)

*p<.03. *#p<, 005,

Table 10

{ REM_Cvele C in p
{C and RD Pooled)

Sleep Measure Group
c RD
WASO 0.6 ( 1.3} 0.3 { 0.6)
s1 1.8 ( 2.1) 1.3 ( 0.9)
52 21.5 { 7.5) 24.8 ( 8.4)
53 11.8 { 4.7) 9.5 ( 4.0)
54 56.7 (12.9) 54.5 (11.0)

REM 7.8 ( 4.4) 7.9 ( 4.2)
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Table 11

Remainder of Might Composition: Me e

LC and RD Pooled)

Sleep Measure Group

c RD

WASO 12.0 (l2.86) g.0 ( 7.0)
s1 24.8 ( 7.9) 20.1 ( 9.3)
s2 226.1 (21.4) 209.2 (34.5)
83 23.7 ( 9.5) 29.8 (16.1)
S4 21.5 (12.1) 27.8 (20.7)
REM* 120.0 (19.0) 101.8 (18.9)

*p<.006.

Table 12

Sleep Measura Group
c RD
WASO 2.8 (3.1) 2.0 (1.8)
51 5.7 (1.7) 5.0 (2.2)
52 52.7 (4.3) 52.3 (7.8)
s3 5.4 (2.1) 7.3 (2.8)
54 4.8 (2.6) 6.7 (5.0)
REM 27.5 (3.8) 25.2 (3.8)
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No group difference in other sleep stages and
parameters were noted. No significant differences were
obtained when relative amounts of sleep stage and
parameters making up this time period were computed.
C -~ RD Subtyped

Sleep Stages and Parameters

The comparison of baseline sleep architecture in
Cs and the three subtypes of RD children revealed
significant differences on the following variables:
stage 4 {F(3,35)= 2.91, p<.05); REM sleep [F(3,35)=
4.49, p<.009]; and, NREM sleep [F(3,35)= 4.47, p<.009).
Post-hoc mean comparisons revealed that the nonspecific
group had decreased amounts of REM sleep relative to
the Cs (p<.05) and increased amounts of NREM sleep
relative to the Cs (p<.05). No pair-wise differences
were observed for stage 4 sleep, suggesting that the
effect is not attributable to any one subgroup but to
the combined effects of the pooling of RD subjects. No
other difference on any other sleep stage or sleep
parameter was significant. Mean percentage values of
sleep stages for Cs and RD subtypes (for nights 3-4
combined) are presented in Figure 13.

Additional analyses were undertaken to investigate
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the relative distribution of stages 4 and REM across
thirds of night. As revealed in Figure 14, all groups
displayed decreasing amounts of stage 4 sleep across
the night. No significant group differences were found
for relative amounts of stage 4 sleep within each
third. However, the group difference observed in the
last third of night approached significance, suggesting
that some RD children (dyseidetics and nonspecifics in
particular) tended to exhibit relatively more stage 4
sleep later in the night compared to the Cs and
dysphonetics [F(3,35)= 2.48, p<.08]. The data
presented in Figure 15 suggest that all groups had
increasing relative amounts of REM sleep across the
thirds of night. A significant difference was noted
for amounts of REM sleep in the middle third of the
night [F(3,35)= 2.83, p<.05], with the nonspecific
group displaying increased amounts relative to the Cs
(p<.05). No other group differences were observed in
the first and last thirds of the night.

Cycle Analyses
REM and NREM cycle lengths

Every subject completed a minimum of three REM and

NREM cycles. Most completed at least four REM cycles
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Figure 14
Distribution of Stage 4 Sleep Across Thirds of Night

1001
90 -
80 1
70 1
60 1
50 1
40 -
30 1
20 -
10 1

Third of Night

Figure 15
Distribution of REM Sleep Across Thirds of Night

1007
90 1
80 1
70 1
60 1
501
40
30 1
20 -
10 1

Third of Night



PRI e Ti s T

87

(dysphonetic: 5/8 subjects; dyseidetic: 6/8 subjects;
nonspecific: 4/8 subjects) and four NREM cycles
(dysphonetic: 5/8; dyseidetic: 7/8; nonspecific: 6/8).
Therefore, analyses pertaining to individual REM and
NREM cycles were limited to the first four cycles.
Again, the inclusion or exclusion of WASO in the cycle
length analyses did not change the results obtained.
Therefore, only those relating to real-time REM and
NREM cycle analyses will be presented. Mean durations
of REM and NREM cycle lengths for all groups (nights 3-
4 collapsed) are presented in Figures 16 and 17,
respectively.

No significant group differences were observed for
the duration of any REM cycles. Significant
differences were obtained, however, for the duration of
the first NREM cycle [F(3,35)= 5.53, p<.003] with the
nonspecifics exhibiting a longer cycle than Cs and
dyseidetics (p<.05). No other specific pair-wise
differences were noted.

Stage composition of the first NREM cycle

and remainder of the night
Again, since a significant difference was observed

for the duration of the first NREM cycle, analyses
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irigure 16
Mean (SEM) Durations of REM Cycles
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examining the composition of this cycle and the
remainder of the night were undertaken. The absolute
and relative amounts of sleep stages and parameters
making up these time periods for each group are
presented in Tables 13-16.

Analyses examining the stage composition of the
first NREM cycle identified significant diffecences in
absolute amounts of stages 2 and 4 [F(3,35)= 3.75,
p<.02; and F(3,35)= 4.05, p<.0l, respectively]. Post~
hoc comparisons revealed that the nonspecifics
exhibited more of these sleep stages within this time
period relative to Cs (p<.05). No other specific pair-
wise differences were identified for absolute or
relative amounts of sleep stages and parameters within
the first NREM cycle.

Analyses examining the stage composition of the
remainder of the night revealed a significant
difference in absolute and relative amounts of REM
sleep [F(3,35)= 7.76, p<.004; and F(3,35)= 3.88, p<.02,
respectively]. Post-hoc mean comparisons revealed that
nonspecifics displayed more of this sleep stage within
this time period than did Cs and dysphonetics (p<.05).

No other significant pair-wise differences were
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Table 13
{ 5 S as u
{C and RD Subtyped}
Sleep Measure Group
c oP DE NS
WASO 0.8 ( 1.7) 1.0 ( 0.2) Q.1 ( 0.3) 1.3 ( 1.9)
51 2.4 ( 4.6) 1.6 ( 1.6) 1.7 { 0.9) 3.0 ( 2.8)
S2*» 23.2 (13.6)+ 34.7 (21.5) 26.8 (21.5) 46.5 (21.3})+
53 12.1 { 7.6) 11.8 ( 4.2) 11.1 ( 6.7) 18.5 { 9.3)
Squw 53.6 (12.5)+ 61.0 (18.0) 68.3 (1l.1) 72.7 (13.6)+
REM 8.1 ( 5.1) 11.9 ( 7.6) 8.2 ( 4.0} 17.8 (14.5)
*p<.02, wtp<,.01l. +p<.05.
Tabln 14

Sleep Measure Group
c oP DE NS
WASO 0.6 ( 1.3) 0.1 ( 0.2) 0.1 ( 0.2) 0.7 { 1.0)
s1 1.8 ( 2.1) 1.1 ( 0.8) 1.2 { 0.6) 1.6 ( 1.3)
52 21.5 ( 7.5} 26.8 (11.6) 21.7 ( 6.4) 25.9 ( 6.2)
s3 11.8 ( 4.7) 9.6 { 4.0) 8.7 ( 4.3) 10.2 { 4.3)
<4 56.7 {(12.9) 52.8 (15.2) 61.3 ( 8.0) 49.5 (13.3)
REM 7.8 ( 4.4) 8.3 { 3.5) 6.5 ( 3.1) 9.0 { 5.7)
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Table 15

Sleep Measure Group
c DP DE NS
WASO 12.0 (12.6) 7.3 ( 5.9) 6.2 ( 7.1) 10.6 ( 7.8)
51 24.8 ( 7.9) 23.4 (10.0) 20.9 (11.86) 16.0 ( 3.8)
s2 226.1 (21.4)  202.7 (23.1) 215.8 {37.3) 209.1 (43.4)
53 23.7 ( 9.5) 32.0 (15.9) 30.7 (22.5) 26.6 ( 8.9)
s4 21.5 (12.1) 26.8 (10.8) 35.0 (26.0) 21.5 (22.5)
REM* 120.0 (19.0)+ 114.5 (15.1)+ 105.0 (16.1) 85.7 (13.6)+

*pc.004. +p<.05.

Table 16

Sleep Measure Group
c DP DE NS
WASO 2.8 (3.1) 1.8 {1.5) 1.5 (1.6) 2.8 (2.1)
S1 5.7 (1.7) 6.0 (2.8) 5.2 (3.1) 4.3 (1.5)
s2 52.7 (4.3) 49.2 (4.8) 51.8 (8.7) §5.9 (8.7)
53 5.4 (2.1) 7.6 (3.5) 7.3 (5.4) 7.1 (2.6)
54 4.8 (2.6) 6.4 (2.4) 8.0 (6.0) 5.7 (5.9)
REM# 27.5 (3.8)+ 27.8 (3.8)+ 25.0 (3.7) 22.9 (2.2)+

*pe. 02, +p<.05.
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identified in absclute or relative amounts of any other
sleep stages and parameters making up this time
period.

In summary, RD children (pooled) showed more stage
4 sleep than Cs, while Cs showed more REM sleep than
RDs. Subtype analyses revealed that the stage 4
difference was not attributable to any one subtype, but
to the effects of pooling RD children. The REM sleep
differences, however, were strongest between the C and
nonspecific groups of children. The first hypothesis,
suggesting no group differences in sleep stages was,
therefore, not confirmed.

Analyses examining the distribution of sleep
stages 4 and REM across thirds of night revealed that
both C and RD children (pooled and subtyped) displayed
a relatively normal distribution of these stages across
the night. Nonspecific and dyseidetic subjects,
however, did show a nonsignificant tendency towards
having relatively more stage 4 sleep later in the night
relative to Cs.

Cycle analyses revealed that, with the exception
of the initial NREM cycle, there were no group

differences in REM and subsequent NREM cycle lengths.



93
As suggested ip the first hypothesis, RD children
exhibited an e#tended first NREM cycle relative to the
Cs. However, the nonspecific subtype exhibited the
longest first NREM cycle, which did not confirm the
hypothesized subtype difference.

Analyses investigating the stage composition of
the initial NREM cycle revealed greater absolute
amounts of stages 2 and 4 within this time period in
all RD children relative to Cs. Again, subtype
analyses revealed that these differences were largest
between the nonspecific subtype and the Cs. When the
stage composition of the remainder of the night was
computed, Cs showed more minutes of REM sleep within
this time period than did the RDs (pooled). Subtype
analyses suggested that both Cs and dysphonetics had
more REM sleep (minutes and percentage) during the rest
of the night relative to the nonspecifics.

Therefore, these results suggest the presence of
some group differences between C and RD children
(pooled) in baseline sleep architecture (stages 4 and
REM) and first NREM cycle length and composition.

Many of these group differences, however, in particular

the ones pertaining to the initial NREM cycle, seenm to
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be attributable to one subtype of RD children - the

nonspecific group.

Hypothesis 2

One-way analyses of variance were undertaken to
document the presence of group differences in latency
to the first REM period. The analyses were undertaken
twice: once with WASO included (real-time) and again
with WASO deleted. Since the results obtained in both
conditions did not differ, only those pertaining to
real-time analyses are now presented. Results
pertaining to the C - RD (pooled) comparisons are
presented first, and are followed by those pertaining
to the comparisons of Cs to the three subtypes of RD
children.

C - RD Pooled
REM_Latency

The second hypothesis, suggesting a global group
difference in REM latency was confirmed. A significant
difference was noted, with RDs exhibiting an extended
latency relative to the Cs [F(1,37)= 7.50, p<.009]}].

Analyses were conducted to verify whether this extended
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REM latency in RD children was associated with the
length of their first REM period and/or the number of
REM periods experienced across the night. No
significant differences were noted on either of these
REM sleep variables. These data are presented in Table
17. When latency to the NREM sleep stages were
computed (defined as the duration of total bed time
recorded from lights out to the onset of stages 1,2,3
and 4), no significant differences were obtained. Mean
latencies to NREM and REM sleep stages for both groups
are presented in Figure 18.

REM latency Interval Composition

Since a significant difference in REM latency was
observed, analyses examining REM latency interval
composition in each group were undertaken in which the
absolute (minutes) and relative (percent) amounts of
sleep stages and parameters found within this time
period were computed. Although it is recognized that
there is significant overlap in stage composition
between the first NREM cycle and the initial REM
latency interval, analyses were nevertheless conducted

to detail any differences. These data are presented in
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Table 17
5 {5 [s] tepcy-Related Varjables (€ and RD Pooled
Variable Group
c RD
Latency 94.6 (24.4) 121.2 {32.1)
(min} « :
Length of First .
REM Period ) .
{min) 8.1 ( 5.1) 12.6 (10.1) :
Number of REM :
.eriods 5.5 ( 0.5) 5.1 ( 0.7) *
*p<. 009, ;
j
Figure 18 |
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Tables 18 and 19.

Significant differences were found for absolute
amounts of stages 2 and 4 with the RD children
exhibiting more of these sleep stages within this time
period relative to the Cs (F(1,37)= 4.25, p<.05; and
F(1,37)= 10.55, p<.003, respectively]. No other
differences were found on any sleep stage and parameter
variables (absolute amounts) within the REM latency
period.

A significant difference for relative amounts of
stage 1 was noted, with Cs having increased amounts
relative to the RDs [F(1,37)= 9.29, p<.004]. No
significant differences were ncted on relative amounts
of any other sleep stage and parameter within the
latency interval to the first REM period.

C_ - RD Subtyped
REM Latency

Although overall a significant differénce was
noted ([F(3,35)= 5.37, p<.004], the specific subtype
differences suggested in hypothesis 2 were not those
observed. Post-hoc mean comparisons revealed that the
nonspecific group had an extended REM latency relative

to the controls (p<.0l). No other significant pair
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Table 18

REM latency Composition: Means (SD) of Sleep Meagures jn Miputes

iC apd RD Pooled)

S5leep Measure Group

C RD

WASO 1.2 ( 2.4} 0.9 { 2.0)
51 6.4 ( 3.8) 4.7 ( 2.6)
S2¢ 21.6 (131.9) 33.9 (20.4)
s3 11.5 { 7.9) 13.7 { 7.5)
Sqan 53.5 (12.7}) 67.8 (13.8)

sp<.05. +*n<,003].

Table 19

LG and _RD Pooled)

Sleep Measure Group

c RD

WASO 1.2 { 2.4) 0.5 (1.1)
Sl 6.6 ( 3.5) 4.0 ([ 1.%)
52 20.8 { 8.1) 25.3 (10.5)
§3 11.4 ( 4.9) 10.5 { 4.4)
S4 59.5 (13.6) 59.7 (14.0)

*p<.004.
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-wise differences were found. A significant difference
was observed for number of REM periods ([F(3,35)= 3.98,
p<.02], with the nonspecifics displaying a reduced
number of REM periods relative to both Cs and
dyseidetics (p<.05). Although no significant
difference was obtained for length of the first REM
period, group differences did approach significance
[F(3,35)= 2.79, p<.06] with the nonspecifics displaying
the longest first REM period. These data are
summarized in Table 20. No significant differences
were noted for the latency to any NREM sleep stage.
Mean latencies to NREM and REM sleep stages for all
groups are presented in Figure 19.

REM latency interval composition

REM latency composition data pertaining to the C -
RD (subtyped) analyses are presented in Tables 21 and
22. A significant difference was found for absolute
amounts of stage 2 sleep [F(3,35)= 3,43, p<.03), with
the nonspecifics showing more of this stage of sleep
within this time period than the Cs (p<.05). No other
significant group differences were identified by post-
hoc mean comparisons. A significant difference was

alsoc noted on absclute amounts of stage 4 sleep
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Table 20
S = Variab u d
variable Group
(o] [} DE NS

Latency 84.6 (24.4)++ 112.1 (26.0) 108.5 (18.3} 142.8 (39.5)++
(min)e»
Length of First

REM Period B.1 { 5.1) 11.9 ( 7.6} B.2 ( 4.0) 17.8 (14.5)

(min)

Number of REM

Periods+ 5.5 ( 0.5)+ 5.4 { 0.7) 5.4 ( 0.6) 4.6 ( 0.7)+

*pc.02, *#p<,004. +p<.0S5. ++p<.0l.

Figure 19
Mean (SEM) Latencies to Sleep Stages
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Table 21

ee easures

{C and RD Subtyped)
Sleep Measure Group
c Dp DE NS

WASO 1.3 ( 2.4) 0.1 ( 0.3) 1.0 { 2.8) 1.5 ( 1.8)
S1 6.4 ( 3.8) 5.1 ( 2.9) j.g ( 2.1) 5.3 ( 2.7)
S2+ 21.6 (13.9)+ 33.0 (22.7) 24.1 { 9.6) 44.7 (22.7)+
53 11.5 { 7.9) 11.7 ( 4.0) 11.0 ( 6.7) 18.4 ( 9.4)
Squw 5.5 (12.7)+ 62.0 (16.4) 68.3 (11.0) 73.0 (12.8)+

*pc.03. % p<,009.

+p<.05.

Table 22

REM Latency Composition: Means (SD) of Sleep Measures in Percentage

{C and RD Subtvped)

Sleep Measure Group

c op DE NS

WASO 1.2 ( 2.4) 0.1 ( 0.2) 1.0 ( 1.6 0.8 ( 1.1)
S1* 6.6 { 3.5) 4.7 ( 2.1} 3.6 { 2.1) 3.7 { 1.6}
s2 20.8 ( 8.1) 26.8 (13.7) 20.8 ( 7.3) 28.4 ( 9.2)
53 11.4 ( 4.9) 10.2 ( 13.6) 9.3 ( 4.6) 12.) { 4.9)
sS4 59.5 (13.6) 8.2 (17.6) 66.0 (10.3) 55.0 [12.4)

*p<.03.
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[F(3.35)=4.51, p<.009), with the nonspecifics having
increased amounts relative to the Cs(p<.05). Post-hoc
mean comparisons did not identify any other
significant group differences for this and other sleep
stages and parameters (absolute amounts) within the REM
latency period.

A significant difference was obtained on relative
amounts of stage 1 sleep [F(3,35)= 3.24, p<.03]. Post-
hoc tests did not identify any significant pair-wise
differences. No significant differences were observed
on any other sleep stage and parameter (relative
amounts) within the REM latency period.

In summary, as suggested by the second hypothesis,
RD children (pooled) displayed an extended REM latency
relative to Cs. Contrary to the hypothesis, however,
subtype analyses revealed that the nonspecific subtype
displayed the most extended latency relative to the Cs.
This was not the expected subtype difference. Although
the extended REM latency did not affect the length of
the first REM period or the number of REM periods
experienced by the RD children pocled into one group,
the extended latency did seem to affect the subsequent

REM sleep of the nonspecific subtype. These children
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experienced an overall reduced number of REM periods
rilative to Cs, and displayed a tendency toward a
longer first REM period relative to other subjects.

Analyses examining REM latency composition
revealed that RD children (pooled) displayed more
minutes of stages 2 and 4 within this time period
relative to Cs. This difference, however, was
greatest between nonspecifics and Cs. The Cs exhibited
relatively more stage 1 during this time period when
compared to the RDs (pooled), but did not demonstrate
increased amounts of stage 1 relative to any specific
RD subtype.

These results suggest, therefore, an overall
difference in REM latency and REM latency composition
between Cs and RD children. Generally, however, it is

the nonspecific subtype which seems to differ the most

from the controls.

Hypothesis 3

One-way analyses of variance were undertaken to
document the presence of group differences on EMD

measures (nights 3-4 collapsed). Results of the
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comparisons of Cs to RD children (pooled) are presented
first, followed by those comparing Cs to the three RD

subtypes.

C - RD Pooled

e Movement Densit
The third hypothesis, suggesting reduced EMD in RD

children relative to Cs, was not confirmed. Mean REM
density was first computed for all REM periods and no
significant group differences were noted. Since
individual subjects experienced a different number of
REM periods, REM density was tnen calculated across the
first four REM periods (since there was insufficient
data for an analysis of five or more REM periods).
Again, no significant group difference was obtained in
REM density measures across these four REM periods.

To examine changes in EMD across the night, mean
REM density measures were computed for each of the REM
periods. A significant difference was noted on the
first REM period, with RDs exhibiting higher mean EMD
than Cs [F(1,37)= 4.09, p<.05). No significant
differences were obtained for EMD measures of REM
periods 2, 3 and 4. Table 23 summarizes the data

pertaining to these EMD measures.
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Table 21

eans o) ens j easu and KD Pooled)
Measure Group
c RD
Grand Total 0.334 (0.0886) 0.3J41 (0.091)
Total of First
Four REM Periods 0.322 (0.080) 0.233? (0.092)
REM Period 1+ 0.156 (0.076} 0.224 (0.111))
REM Period 2 0.259 (0.079) 0.280 (0.105)
REM Period 3 0.33% (0.126) 0.318 (0.120)
REM Period 4 0.310 (0.109) 0.376 (0.119)
*npe,05.
Figure 20
Variation in Eye Movement Density (EMD) Across the Night
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Within-group variations in EMD across the night

Analyses were undertaken to determine within-group
variations in EMD across the night (first 4 REM periods
- see Figure 20). A significant difference in EMD
across REM periods was noted in the Cs, [F(3,42)=
11.76, p<.0003; quadratic trend, (p<.04), (no
significant cubic trend)], with EMD measures in REM
period 1 being significantly lower than those of REM
periods 2 (p<.05), 3 and 4 (p<.0l). A significant
difference in EMD across REM periods was observed in RD
subjects, [F(3.69)= 20.56, p<.0001, linear trend,
(p<.0001), no significant quadratic or cubic trend)],
with increasing REM density across the night. Post-hoc
mean comparisons revealed the following relationships
for EMD measures: Cs - REM period 1 < REM periods 2
(p<.05), 3 and 4 (p<.0l); and, RDs - REM period 1 < REM
periods 2 (p<.05), 3 and 4 (p<.0l1); REM period 2 < REM

period 4 (p<.0l1); REM period 3 < REM period 4 (p<.05).

C -~ RD Subtyped

Eye Movement Density
The specific subtype differences suggested in the

third hypothesis were not observed. No significant

differences were observed on mean EMD measures computed
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for all REM periods, the first 4 REM periods or any
individual REM periods. The nonspecifics did display,
however, a nonsignificant tendency toward increased EMD
in the first REM period, relative to the Cs. These data
are presented in Table 24.

Within-group variations in EMD across the night

A significant difference in EMD across REM periods
was observed in dysphonetic [F(1,7)= 8.56, p<.002;
linear trend, p<.006, no significant guaadratic or cubic
trend], dyseidetic [F(1,7)= 11.01, p<.02; linear trend,
pP<.002, no significant quadratic or cubic trend} and
nonspecific [F(1,7)= 4.38, p<.02; linear trend, p<.001,
no significant quadratic or cubic trend] subjects, with
increasing EM density across the night. Post-hoc mean
comparisons revealed the following relationships for
EMD measures: dysphonetics ~ REM period 1 < REM periods
3-4, (p<.05); REM period 2 < REM period 4, (p<.05);
and, dyseidetics - REM period 1 < REM pericd 4,
(p<.0l1). Despite an increasing linear trend, no
significant differences in EMD measures across REM
periods were observed in the nonspecific subjects (see
Figure 21).

In summary, therefore, no significant differences
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Table 24
MMMMMLMMD—M
Heasure Group
c oP DE NS
Grand Total 0.334 (0.086) ©0.313 (0.056) 0.361 (0.079) ©0.3148 (0.128)
Total of First
Four REM Periods 0.322 (0.080) 0.306 (0.068} 0.354 (0.071) 0.337 {0.130}
REM Pericd 1 0.156 {(0.076} 0.219 (0.051) 0.199 {0.071) 0.252 (0.181)
REM Period 2 0.259 (0.079) 0.251 {(0.074) 0.316 {(0.065%) 0.272 (0.154)
REM Periocd 3 0.335 (0.126) 0.308 (0.091) 0.312 (0.108) 0.333 (0.164)
REM Period 4 0.310 (0.109) ©0.340 (0.083) 0.412 {0.109) ©0.377 (0.158)
Figure 21
Variation in Eye Movement Density (EMD) Across the Night
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were noted between C and RD children (pooled or
subtyped) when EMD was measured for all REM periods,
and across the first 4 REM periods. With the exception
of the initial REM period, in which the RD children
(pooled) exhibited higher mean EMD than the Cs, no
significant differences were noted when REM density
measures were computed for each of the REM periods.

Generally, within~group analyses revealed
significant increases in EMD from REM period 1 to REM
period 4 in Cs and RDs (pooled). Subtype analyses
revealed significant increases in EMD from REM period 1
to REM period 4 in dysphonetic and dyseidetic subtypes.
In nonspecifics, EMD increases from REM period 1 to REM
period 4 were present but not significant.

Contrary to the hypothesis EMD measures did not
greatly discriminate C from RD children. Within-group
analyses revealed that all groups generally displayed
increased EMD across the night, but that this increase

was somewhat attenuated in the nonspecific group.
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CHAPTER 4: DISCUSSION

Adaptation Effects

As presented in the previous chapter, C and pooled
RD subjects exhibited across night increases in total
sleep time, sleep efficiency index, and REM sleep and
across night decreases in sleep onset latency, total
wake time, wake time after sleep onset and stage 1
sleep. These observed night differences suggest that
the children underwent a period of adaptation to the
sleep laboratory environment with lower overall quality
of sleep on night 1 relative to the subsequent nights -
("first night effect" - Agnew et al., 1966;
Rechtschaffen & Verdone, 1964; Schmitt & Kaelbling,
1971). They also provide additional evidence for the
presence of adaptation effects in normal preadolescent
children (Busby et al., 1981; Carskadon et al., 1987;
Coble et al., 1987) and provide data regarding their
presence in RD children as well.

Subtype analyses, however, revealed that although
present, these adaptation effects seem attenuated for

some variables in dysphonetic and dyseidetic children
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and for all variables in nonspecific RD children. The
"first night effeci", therefore, seems weaker in the
subtypes of RD children relative to the Cs, and
possible subtype differences in adaptation are
suggested by the relatively greater attenuation of
these effects in the nonspecific children. These
differences should be kept in mind throughout the
discussion since many of the sleep architecture
differences, although present in the RD pooled group,
are greatest in the nonspecific subtype. The possible
implications of such a subtype difference for Boder's
typology and diagnostic instrument will be reviewed in
the last section of this chapter.

Although the possible attenuation of adaptation
effects in subtypes of RD children may be well within
the normal range of variation, it may also suggest that
these subjects habituate more rapidly than Cs to a
variety of experimental situations. Perhaps the
frequent assessments they undergo, in addition to the
remedial training they receive in special education
classes make them feel somewhat more at ease in such
situations. However, hyperactive children, who are

also subjected to frequent assessments, exhibited
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"normal" adaptation effects relative to Cs (Busby et
al., 1981). This suggests that, despite some degree
of habituation to experimental situations, this factor
is likely not solely responsible for the attenuation of
adaptation effects in RD subtypes.

Alternatively, RD children may display, as of the
first night, an increased physiological need for sleep
relative to Cs and may therefore experience overall
less disrupted sleep on night 1 than do the Cs.

One possible factor for this is that, contrary to
what was previously suggested, RD children experienced
higher levels of "experiment-related" anxiety prior to
their participation in the study than did the Cs.
Perhaps this increased anxiety disrupted sleep on the
nights preceding the experiment, rendering thenm
somewnat sleep deprived. The accumulated fatigue
resulting from such sleep deprivation may have
facilitated their adaptation tec the laboratory setting
and resulted in less disrupted sleep on night 1.
However, if experiment-related anxiety did contribute
to adaptation differences, it could be expected that
their sleep on night 1 would have been more disrupted

as they were actually in the anxiety-provoking
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situation.

Since no sleep log or anxiety scales were obtained
from the subjects, it is difficult to ascertain whether
or not the RD children in general, and the nonspecifics
in particular, did in fact experience more experiment-
related anxiety than did Cs, and whether this resulted
in sleep deprivation. Certainly, future research with
this or similar populations should include such
measures to control for such potentially confounding
variables. Nevertheless, prior to their participation
in the study, subjects were screened for obvious
emotional problems and any child exhibiting disruptive
levels of anxiety regarding the sleep experiment was
excluded. Only two children (one C and one RD) were
excluded because of this factor. As well, clinical
observations during both the selection procedure and
during the sleep recording sessions did not suggest
that the RD children were more anxious than the Cs
regarding sleeping in the laboratory. Although
increased amounts of experiment-related anxiety may
have been a factor, it is likely not the most salient

one.

Another possibility is that the RD children suffer
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from longer term sleep insufficiency resulting in a
general increased need for sleep. This factor would
appear to facilitate their adaptation to the recording
environment relative to children who habitually obtain
adequate amounts of sleep. However, the validity of
such an explanation, as well as the possible causes
underlying such chronic sleep inadequacy cannot be
verified solely on the basis of data pertaining to

adaptation effects.

Sleep Architecture (Hypotheses 1 and 2)

Sleep architecture results revealed general
differences between RD and C subjects in amounts of
stages 4 and REM sleep, and in duration and stage
composition of the initial NREM cycle and REM onset
latency. The lack of significant group differences in
NREM-REM cycle length over the remainder of the night
focuses attention upon the initial NREM sleep cycle.
Descrijption of the Initial NREM Cycle and REM Onset
Latency

The initial NREM cycle and REM onset latency in RD

children showed increased minutes of stage 4 and stage
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2 sleep relative to the Cs. This was especially
evident in the nonspecific subtype. The increased
absolute amounts of stage 4 sleep seem to be the factor
which particularly extends the duration of the initial
NREM cycle and may contribute tc the build up of REM
pressure, as evidenced by the nonsignificant tendency
towards a longer first REM period in the RD children.
Such a tendency contradicts previous documentation in
adults of a shortened REM period following an extended
NREM cycle (Feinberg, 1989; Feinbery, Koresko, &
Heller, 1967). The extended initial NREM cycle of the
RD group may provoke an overall dccrease in REM sleep,
as suggested by the significantly reduced REM sleep
percentage in RD children and their tendency towards
displaying a reduced number of REM periods (a reduction
found to be significant in the nonspecifics). Thus,
the REM sleep reduction evident in RD children may be
relevant to the information processing deficits thought
to be present in this population (Boder, 1971a, 1971b,
1973; Boder & Jarrico, 1982; Pirozzolo, 1979; Rourke,
1985).

Differences in REM sleep amounts were greatest

between the Cs and nonspecific RD children. However,
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specific information processing deficits are not
believed to underlie the reading difficulties exhibited
by this latter group (Boder, 1971a, 1971b, 1973; Boder
& Jarrico, 1982). This finding may suggest that,
contrary to Beder's findings, cognitive impairments are
present in this group that could not be identified by
the Boder Test of Reading-Spelling Patterns. This
speculation would support the findings of Lund et al.
(1984) and Nockelby and Galbraith (1984) who reported
that the BTRSP frequently misdiagnoses severely
dyslexic children as nonspecifics. Although such a
conclusion is premature at this point, this finding
does suggest that the nature of the postulated
relationship between REM sleep and the specific subtype
differences in cognitive style is unclear. As well,
whether the relationship between REM sleep and
information processing is a function of overall
duration of REM sleep, or REM sleep intensity, or both,
remains undetermined.

Factors Affecting Initial NREM Cycle Duration and
REM Onset Latency Interval
various factors are known to affect the duration of

the initial NREM cycle and REM onset latency. For
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example, conditions such as major affective disorder,
narcolepsy and schizophrenia have been associated with
reduced REM onset latency (Hiatt, Floyd, Katz, &
Feinberg, 1985; Kupfer & Ehlers, 1989; Kupfer & Foster,
1972; Kupfer & Thase, 1983; Montplaisir, Billiard,
Takahashi, Bell, Guilleminault, & Dement, 1978;
zarcone, Benson, & Berger, 1987). An additional factor
related to the duration of the initial NREM cycle is
total sleep or slow wave sleep deprivation.
Investigations examining the effects of such
deprivation on recovery sleep suggest that most of the
lost stage 4 sleep is recovered (Agnew, Webb, &
Williams, 1964; Berger & Oswald, 1962; Feinberg, 1974;
Moses, Johnson, Naitoh, & Lubin, 1975; Webb & Agnew,
1971). More recent investigations suggest that this
stage 4 rebound occurs mainly within the first NREM
cycle, thus extending its length, and demonstrating the
special plasticity of this first cycle (Feinberg,
Floyd, & March, 1987, 1991; Travis, Maloney, Means,
March, & Feinberg, 1991). Duration of the initial NREM
cycle and REM onset latency, as well as the amounts of
stage 4 sleep found within this time period, are also

influenced directly by maturation (Feinberg, 1974,
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1989; Kupfer & Ehlers, 1989; Reffwarg et al. 1966). A
short REM onset latency is usually documented in
neonates and infants. As sleep consolidates and begins
to occupy primarily the nocturnal hours, REM onset
latency and, as such, the duration of the initial NREM
cycle increase (Coons, 1987; Coons & Guilleminault,
1982; Hoppenbrouwers, 1987; Parmelee & Stern, 1972).
Normative sleep studies have documented the presence of
an extended initial NREM cycle in post-napping younger
children relative to clder pre-adolescent, adolescent
and adult populations (Coble et al., 1984, 1987;
Feinberg, 1974; Feinberg et al., 1967: Feinberqg &
Floyd, 1979) with much of this time period being spent
in stage 4 sleep. Thus, these studies demonstrate
that during post-napping years, the initial NREM cycle
and REM onset latency, as well as the amounts of stage
4 sleep found within these periods decrease with
maturation. Both maturational and sleep deprivation
issues may underlie the extended initial NREM cycle and
REM onset latency in the RD children relative to the
Cs,

The sleep profile observed in RD children, and in

the nonspecific group in particular, is characterized
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by an extended initial NREM cycle and REM sleep
latency, increased global amounts of stage 4 sleep and
decreased amounts of REM sleep, increased minutes of
stage 4 in the initial NREM cycle, and decreased stage
1 sleep. This appears to be consistent with increased
need for stage 4 sleep and may result from possible
long term sleep deprivation. Perhaps RD children are
not consistently obtaining adequate amounts of sleep.
In addition to altering their sleep patterns, chronic
sleep deprivation would likely increase their level of
daytime sleepiness, which may affect attention, memory,
alertness and coygnitive functioning, and possibly
exaggerate existing deficits (Carskadon et al., 1987;
Carskadon & Dement, 1987). Whether or not increased
sleepiness contributed to the results obtained in this
study remains unknown, as overall levels of sleepiness
and possibly related napping behaviors were not
monitored. Such measures would be necessary to
document physiological and behavioral evidence of
chronic sleep deprivation. Furthermore, the degree to
which daytime sleepiness is problematic is not
reported in the RD literature. Therefore, evidence of

long term sleep deprivation, as it relates solely to
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the total sleep time usually exhibited by these
children, is presently inconclusive.

The sleep recording protocol which limited total
bed time (TBT) to 9 hours, may not have provided the
subjects with an adequate amount of sleep, as suggested
by norms published by Williams et al. (1974). However,
various factors argue against such an experimentally
imposed sleep deprivation as being the source of the
results. Firstly, although no sleep log was obtained
by which the usual TBT of the subjects could be
documented, the schedule followed during the sleep
recording period was fairly consistent with the
children's rcgular schedule at home (parent's report),
as well as with TBT allowed in more recently published
norms of sleep in pre-adolescent children (Coble et
al., 1984, 1987; Palm, Persom, Elmguist, & Blennow,
1989). Secondly, if the recording protocol provided
the subjects with a substantially reduced sleep period
relative to their usual amount, a stage 4 sleep rebound
would have been expected to occur in later recording
nights as is normally observed during recovery sleep
following consecutive nights of deprivation (Agnew et

al., 1964; Feinberg et al., 1987, 1991; Moses et al.,



121

1975; Travis et al., 1991). As illustrated in Tables 5
and 6, minutes and percentage values of stage 4 sleep
in all groups are consistent across the four nights,
demonstrating the absence of such a rebound. Finally,
an experimentally imposed sleep deprivation would have
been evident in all groups, as TBT and TST were
consistent across all subjects. The increased need for
sleep in the RD children that has been suggested,
especially in the nonspecifics, may not result from any
known externally imposed sleep deprivation. Rather, it
may reflect an underlying endogenous process specific
to these children which may be a function of a
maturational delay (Bakker, 1973; Bakker et al., 1973;
Boder & Jarrico, 1982; Geshwind & Behan, 1982; Hooper &
Willis, 1989; Hynd et al., 1990; Hynd & Hynd, 1984;
Satz et al., 1971).
Possible Influence of Maturational Delay on the
Functional Quality of Sleep

As reviewed in Chapter 1, recent evidence suggests
neurodevelopmental errors, ocurring pre- and
postnatally in RD children, may disrupt normal neuronal
migration and organization, and overall corticogenesis.

Such disruptions may delay the maturation of the left
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hemisphere, or more precisely of the cortical areas and
interconnections thought to be implicated in the
reading system, and interrupt the normal establishment
of linguistic functioning (Duane, 1991; Geshwind &
Behan, 1982; Hoorer & Willis, 1989; Hynd et al., 1990;
Hynd & Hynd, 1984; Hynd & Willis, 1988). This
maturational delay may render RD children somewhat more
similar to younger normal children than to age-matched
normal pe«rs. As such, they may exhibit an increased
need for stage 4 sleep. Interestingly, stage 4
percentage values obtained for the RD children in this
study are similar to those reported in 6-7 year-old
children and are higher than those obtained for normal
8-10 year-old pre-adolescents (Coble et al., 1984,
1987). However, one important consideration is that
the postulated delay in corticogenesis and the
disruptions in neuronal organization in RD children,
affect the degree of speed and accuracy with which they
process information, as is suggested by their deficits.
As such deficits are not present in younger normal
children, it may not be accurate to completely
attribute the observed results to such a maturational

parallel. Perhaps such a maturational delay in
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corticogenesis, which affects neuronal efficacy, slows
cerebral restitution, a process thought to be afforded
by stage 4 sleep (Borbély, 1982; Feinberg, 1974, 1990;
Feinberg & Evarts, 1969; Horne, 1988, 1989). As such,
this particular functional quality of stage 4 sleep may
be decreased in RD children relative to Cs. Therefore,
increased amounts of this stage of sleep may be
required to compensate for the extended restitution
process in these children. Although these children may
not suffer from actual sleep deprivation, they may be
deprived of some of the functional benefits of stage 4
sleep.

The tendency exhibited by the RD children towards
displaying increased amounts of stage 4 sleep later in
the night relative to Cs, may also be indicative of a
decelerated restitution process. Perhaps this process
cannot be completed during the initial NREM cycle due
to a build-up of REM pressure which may trigger the
first REM pericd. Exaggerated stage 4 sleep
requirements may not be met during the initial cycle
and the extension of stage 4 across the night may
reflect an attempt to compensate. However, such an

explanation is tentative as the amounts of stage 4
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sleep in the last third of the night were not
significantly higher than those observed for the Cs.

Presently, however, it is not clear why stage 2
sleep, which primarily constitutes the remainder of the
initial NREM cycle in these children, was not
sacrificed to allow for greater amounts of stage 4
sleep during this time period. This finding may
illustrate slowed functioning of cortical processes
which generate stage 4 sleep, but may also be related
to a possible function of stage 2 sleep. Although
quantitatively different, stage 2 sleep may serve a
qualitative function similar to the one postulated for
stage 4 sleep (Feinberg & Evarts, 1969). Thus, this
stage of sleep may be maintained because of its
possible functional significance in the restitution
process.

The present results cannot confirm the structural
and morphological cerebral substrates that have been
related to RD deficits (Galaburda et al., 1987;
Galaburda & Eidelberg, 1982; Galaburda & Kemper, 1979;
Hooper & Willis, 1989; Hynd et al., 1990; Hynd & Hynd,
1984). The extent to which such issues can be

elucidated on the basis o“ : leep-related EEG measures
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is limited. However, they do provide evidence
regcarding underlying abnormal physioclogical features in
RD children, perhars as a function of a delayed
maturational process. 1In addition, the subtype
differences observed suggest that a different degree of
maturational delay may be involved in the various
subgroups, and support the importance of the
homogeneous subtyping.

However, this interpretation is speculative.
Firstly, the results obtained are based on visually-
scored sleep EEG. More direct evidence of cortical
underactivation at various cortical sites in RD
children, relative to Cs, would necessitate
guantitative analyses of the EEG parameters. Such
analyses would facilitate the documentation of absolute
and relative delta density differences between these
groups of children and may provide more direct support
for the view that decelerated cortical processes is
related to RD deficits.

Additionally, studies documenting the effects of
sleep deprivation on subsequent sleep parameters, as
well as the neurological models of reading disabilities

proposed in the literature, stem from research
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undertaken in adult populations. Therefore, the extent
to which these findings, as well as their possible
interrelationships, can be generalized to children must
be done with caution.

Finally, factors such as immunological
abnormalities may also be relevant to the results.
Some evidence suggests that corticogenesis may be
disrupted by autoimmune factors (Galaburda, 1990;
Geshwind & Behan, 1982). A relationship between the
immune system and slow wave sleep (SWS) has been
postulated. Some investigations suggest that SWS might
serve to sustain the normal functioning of this system
(Horne, 1988; Krueger, Walter, & Levin, 1985;
Moldofsky, Lue, Eisen, Keystone, & Gorzynski, 1986).
In part, the increased presence of stage 4 sleep in RD
children may result from an attempt to compensate for
potential immunological deficiencies. However,
evidence pertaining to the presence and role of
immunclogical factors in reading disabilities, stemming
mainly from studies documenting increased prevalence of
allergies, immune disorders of the digestive tract, and
thyroid dysfunctions in RD populations, is still

limited (Galaburda, 1990; Geshwind & Behan, 1982; Hynd
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et al., 1990; Lubs, Rabin, Carland-Saucier, Wen, Gross-
Glenn, Duara, Levin, & Lubs, 1991). Any conclusions
regarding their possible relationship to the observed

results are premature at this point.

Eye Movement Density (Hypothesis 3)

Global Measures of Eve Movement Density

The lack of significant group differences in
global EMD measures stands in contrast to the
anticipated lower EMD levels in RD children relative to
Cs and to the hypothesized subtype differences. Such
findings do not seem concordant with the positive
association (both theoretical and empirical) of EM
activity during REM sleep with information processing
and CNS maturation and their possible relevance to
normal cognitive development (Christ et al., 1991; De
Koninck et al., 1975, 1987; De Koninck & Prévost, 1991:
De la Pena et al., 1973; Dittrichova et al., 1972; :
Petre-Quadens & de Lee, 1970; Petre-Quadens, de Lee, &
Remy, 1971; Smith & Lapp, 1991).

Such discrepant findings may result, in part, from

methodological factors. The EMD measures in this
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present investigation were based upon the number of two
second epochs containing at least one eye movement.
This measure may not have been sensitive to density
differences between C and RD children. A more discrete
EMD measure, such as individual horizontal and vertical
eye movements, may provide different results.

In addition, the quantity of information processed
by RD children during prior wakefulness was hot
measured. Therefore, it is not clear whether the
results obtained represent their baseline EMD levels,
or are a reflection of possible increases in
information processing demands (i.e., remedial
training). Although it would be methodologically
tedious to do so, the manipulation and measurement of
the quantity of information processed during prior
wakefulness may be necessary to clarify this issue.

Alternatively, however, EMD during REM sleep may
not linearly reflect waking information processing
capabilities, a possibility previously suggested by
Busby and Pivik (1983). Indeed, the many
investigations attempting to empirically document such
a relationship have enployed experimental protocols and

conditions which access different modalities and levels
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of information processing. Therefore, the relationship
between EMD in REM sleep and information processing may
not simply depend on increased or decreased overall
cognitive capabilities. It may also depend on the
precise nature of the cognitive capabilities being
examined, (i.e., mental retardation, autism, reading
disabilities, normal or superior intelligence) as well
as the conditions under which these were required and
measured (i.e., intensive learning). Thus, the results
suggest that the presence or nature of a relationship
between EMD and information processing in these
particular reading disabled children may not be
elucidated under the present experimental conditions.

Eye Movement Density Across the Night

Analyses of EMD across the night revealed more EMD
in RD (pocled) relative to C subjects during the first
REM period. A tendency for this effect to be greatest
between the nonspecific RD and C children was observed.
Such a finding in children who exhibit an increased
presence of stage 4 sleep seems inconsistent with the
documented reduction in EMD with greater sleep depth
(Aserinsky, 1969; Feinberg, 1974; Feinberg, Floyd, &

March, 1987). As well, it does not conform to De la
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March, 1987). As well, it does not conform to De la
Pena's SCIP hypothesis (De la Pena et al., 1973) which
would predict a decrease in EMD in these children
since, during wakefulness, they do not process
information which is task specific (i.e., reading) with
efficient cognitive structures. However, as mentioned
previously, the presence and nature of the relationship
between EMD and information processing in these
children remains unclear. It may be loosely speculated
that this particular result stems from the combined
effects of the delayed REM onset and the decreased
overall amounts of REM sleep in these children relative
to Cs. Perhaps the higher levels of EMD observed
solely during the first REM period represent an
incomplete compensatory mechanism for their relative
REM deprivation.
Within-Group Variations in Eye Movement Density Across
REM Perjods

Additional analyses pertaining to within-group
variations in EMD across REM periods, however, may be
more relevant to the RD children's possible increased
need for stage 4 sleep, reflecting underlying

maturational processes, than analyses of glcbal EMD
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measures. Overall, these analyses revealed that C
children displayed a pattern similar to that originally
reported by Aserinsky (1969; 1973), and subsequently by
Feinberg (1974) and Busby et al, (1981) in young adults
and children.

Aserinsky (1969; 1973) reported that EMD gradually
increases across REM periods and peaks following 7.5-10
hours of sleep. After this, EMD measures remain
relatively stable. The pattern displayed by the C
children is similar, as illustrated by the obtained
significant quadratic trend. EMD measures increase
from the first to the third REM periocd and remain
relatively unchanged through REM period 4. Such a
plateau in EMD measures may be related to possible
sleep satiety in these children, as suggested by
Aserinsky (1969). The RD children, however, (pooled
and subtyped), dispiayed an increasing linear trend in
EMD across REM periods, and thus their values do not
reach a peak value in the third REM period as they do
in the Cs. Such a pattern suggests, in light of
Aserinsky's view, that these children may not have
reached their necessary quota of sleep, and as such,

may be a marker of long term sleep deprivation, one
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possibility presented earlier. Again, as data
pertaining to potential levels of daytime sleepiness
were not obtained, such an interpretation remains
tenuous. However, sleep satiety in these children may
not depend soclely upon the total quantity of sleep
obtained, but alsc on the overall functional quality of
sleep. Perhaps, their EMD pattern across the night is
a function of the stage 4 inefficiency and may reflect
an uncompleted restitution process.

Both the dysphonetic and dyseidetic suvbtypes
generally show a significant difference in EMD measures
from REM period 1 to REM period 4. The differences
observed in the nonspecifics, however, were not
significant. This observation may support the earlier
suggestion of a greater attenuation of the restitution
process in this particular subtype. However, the
precise relationship between EMN profile across REM
periods and the specific cognitive impairments in the

various subtypes, remains unclear.
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Implications for Boder's Typology

and The BTRSP

The sleep-parameter modulations observed suggest
the presence of physioclogical features in RD children -
- possibly related to a delayed maturational process --
which underlie the various cognitive deficits observed
in this population. However, the nature or presence of
any relationship between sleep-related parameters and
the specific information processing deficits exhibited
by these children remains unclear.

The global sleep-related differences observed
between C and RD children (pooled) suggest that such
differences may be present in all RD children but to
differing degrees. As well, there are common features
in the sleep architecture and eye movement activity of
the three subtypes which render them more similar to
each other than to Cs. Nevertheless, subtype analyses
revealed that the greatest variations occur between Cs
and one subgroup of RD children in particular - the
nonspecifics. This finding is conseonant with the
heterogeneous nature of the RD population, and may

reflect differences in the degree to which maturational
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processes may be delayed in the individual subtypes.
As such, these results underscore the importance of
neurodevelopmental considerations in future RD
subtyping research.

The particular subtype differences obtained in
sleep seem surprising in light of Boder's description
of the nonspecific RD subgroup. As reviewed in Chapter
1, the reading and spelling difficulties exhibited by
this group do not result primarily from cognitive
deficits stemming from neurcdevelopmental delay, but
rather from physical, mental, emotional, sociocultural
and/or educational factors. The prognosis for normal
reading achievement in these children is excellent if
such factors can be alleviated (Boder, 1971b; Boder &
Jarrico, 1982). Therefore, according to Boder, the
nonspecific RD children are essentially similar to
normal readers. However, the sleep-related measures
obtained in this present study reveal that, of the
three subtypes, the nonspecifics differ the most from
Cs.

The significant differences obtained for the
nonspecific subtype do provide a measure of reliability

for the typology in that this group differs not only
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from Cs, but also from the other subtypes. However,
these same differences also suggest that Boder's
interpretation of the behavioral profile of these
children, based upon their reading-spelling pattern,
may need revision. As such, the previously mentioned
concerns redgarding the validity and clinical usefulness
of the BTRSP (Alexander, 1984; Reynolds, 1984) and,
more precisely, the reported frequent misdiagnoses of
severely dyslexic readers as nonspecifics (Lund et al.,
1984; Nockleby & Galbraith, 1984) must be given serious
consideration.

The BTRSP may not be sensitive or <omprehensive
enough to detect and identify cognitive impairments of
some children, resulting in their misdiagnosis as
nonspecifics. Presently, however, not enough is known
regarding the neuropsychological characteristics of
this particular group to make infererices about
potential underlying deficits. A complete
neuropsychological and academic achievement test
battery may be necessary to isolate cognitive
impairments disrupting their ability to develop
efficient reading and spelli.g skills, and may help

determine the degree to which this particular group of
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children constitutes a homogeneous dyslexic subtype.

Certainly, the clinical, social, and personal
consequences resulting from misdiagnosing possibly
severely deficient readers as nonspecifics warrants the
use of complete and accurate psychodiagnostic
procedures. These consequences also underscore the
importance of continued research into the relationships
between physiological and cognitive features of RD
subtypes in order to obtain the most accurate and

discriminating screening measures.
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