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Abstract

UNIMANUAL AND BIMANUAL VISUOMOTOR TRACKING
BY DYSLEXIC AND NORMAL CHILDREN

by
Charlotte A. Tomaino

Mviser: Professor Louls J. Gerstman

The purpose of this study is to examine the
development of unimanual and bimanual motor skills .ot
dyslexic children and compare their abilities with
age/IQ matched normal readers and reading matched
younger readers. Hypotheses were generated to examine
the development of motor function as it relates to
right/left differences, use of visual feedback, effects
of direction of overflow in bimanual tasks and effects
of dizection of hand movement in bimmanual
coordination. The study also investigates the
hypotheses suggesting that adolescents with poor
reading ability will be characterized by bimanual motor
skills below age expectancy and perform similarly to
young children who have not as yet developed these
skills due to incomplete neurological development such
as myelinization of the corpus callosum.

In Bxperiment I, (unimanual skill) subjects
manipulated a Joystick for visuomotor tracking on a
computezrized video game. Dyslexics were significantly

iv




superior in both accuracy and speed to normal readers

and demonstrated a significantly greater difference
between right and left hand performance. In Experiment
11, (bimanual skills) subjects simultaneously
manipulated two potentiometer knobs on an Rtch-a-8ketch
like mechanism controling the horizontal and vertical
movement of the cursor on the computer monitor. The
dyslexics remained faster but were no longer superior
in accuracy. When the bimanual task was performed
without visual feedback, dyslexic performance was no
longer superior but was equal to normal controls {n
both accuracy and speed.

This finding argues against previously
hypothesized perceptual-motor deficiency in dyslexia.
The results of these three experimental tasks indicate
that this pure dyslexic group is not equal to, nor
deficient in perceptual motor skill, but is superior in
the perceptual ability guiding thelr fine motor
function. This conclusion argues that the differences
between the dyslexic and age matched readers are in a
pexceptual superxiority rather than a perceptual-motor
deficiency.

Dyslexics were also compared to younger normal
readers. Although the dyslexics performance wvas
superior to younger readers in both experiments,
arguing against interhemispheric collaboration

difficulties in dyslexia, a subgroup of dyslexics



(8/23) displayed similar characteristics to the younger
readers in the guality of their bimanual motor function
wvhich was never observed in older readers.
Developmental interpretations, implications for
educational practice and directions for future research

are discussed.
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CHAPTER I

THE PROBLEM - RATIONALE FOR THE STUDY

fipecific Aims of the Reseaxch

The proposed research focuses on the development of
fine motor skills in dyslexic and normal reading boys.
This includes both perceptual motor skill in precise
movement of each hand separately and coordination of
the two hands |In unison, with and without the
assistance of visual feedback. Examination of the
development of bDimanual skill {in dyslexics, which
requires the cooperative interaction of the right and
left heaispheres through the corpus callosum, s a
method for studying the relationship of
interhemispheric coopesration to the acquisition of
reading skills. Support £for this method has been
established since bilateral coactivation has been found
to be deficient in three populations, partial
commissurotomy patients (Preilowski, 1972), young
children prior to the age of mylelinization of the
corpus callosum (Pagard, 1985; Jeeves, 1988), and

acallosals (Jeeves, 1988).



This study will ({investigate the hypothesis that
adolescents with poor reading ability arxe characterized
by bimanual motor skills below age expectancy and
perform similarly to young children who have not as yst
developed these skills due to i{ncomplete neuronal
development such as myelinization of the corpus
callosum. The specitic aims of this study are
three-£fold: Pirst, to demonstrate the validity of a
computerized task in assessing unimanual and bimanual
fine motor and visuospatial skill; Second, to
demonstrate differences in manual interhemispheric
cooperation skills between younger and older children;
Third, to evaluate these skills in older children with

reading failure.



Questions Raised by this Problam

1. Can the developmental acquisition of fine motor
unimanual and bimanual skills be measured on a
computerized task utilizing visual feedback and
ditferentiate between normal children between 7 and 16

years of age?

2. Do reading disadbled children differ from
age-matched normal readers in either fine motor control
engaging the hands seperately or in bimanual

coordination?

3. Do the bimanual coordination skills of dyslexic

childzren resemble those of younger, normal readers?



Rxoblems in the Aasessment of Fine Motor Skills

The problem addressed in this study is twofold.
The first aspect (s the development of & method for
assessing fine motor skill that is designed to be
ecologically relevant and can deal with some of the
current assessment limitations encountered in clinical
settings. Second, the avallabllity of a method for
assessing fine motor, unimanual and bimanual skills
would allow for the further understanding of the
development of those skills in normal children and the
investigation of possible motor deficits in research
populations. 8Specifically, this study is concerned with
the perceptual motor difficulties or eye-hand probleams
observed in developmsentally dyslexic children
(Cxitchley, 1970; Benton, 1978) and with obtaining
measures of these motor skills on a computerized task.
It is argued that certain bimanual coordination
deficits that are often observed in dyslexic
populations are due to immature maturation or
inadequate development of either callosal pathways or
the underlying neural systems that transait information
between the hemispheres. Purther, it is suggested that
a primary @difficulty lies 1in the callosal function of




corollary inhibition or the ablility of the hemispheres
to share (information while shielding or inhibiting
motor irradiations or ‘'overflow', that is necessary to
sustain certain fine coordinative acts. Although the
use of coaplex computerigzed equipment that is proposed
heze, limits the general availability of this
assessment mesasure, it is expected that its high level
of precision in wmeasuring accuracy and speed and the
incorporation of visual feedback in motor regulation
will make this method a valuable research tool.

The challenge of the first problem is to employ a
method of assessment for £fine motor skills which ({is
relevant to both daily motoric functioning and the
clinical problems reported regarding poor motor
coordination in dyslexics. It is clearly not possible
to replicate the environments of daily 1living for
research purposes. However, the proposed method in this
study attempts to simulate aspects of real-life motor
tasks by utilizing a task that combines visual feedback
with considerable precision in the execution of ¢£fine
motor skills. The task is similar to graphomotor tasks,
the manipulation and construction of small objects or
pleces of objects, etc. and allows for obtaining
mesasures of both accuracy and speed. The use of sensory
feedback or knowledge of results 1is, of course, an

integzal pait of most fine motor tasks and thus argues



for the lmportance of utilizing assessment proceedures
that include the use of feedback.

Specific problems in assessment of motor skills
include both the validity of the assessment measure for
its stated purpose and the reliability of the
assessment over time. Por instance, subtle anomalies in
motor development have been observed in dyslexic and
learning disabled populations (Tomaino, 1966) and have
been shown to be prevalent in populations with other
signs of cerebral dysfunction (Nass, 1985; Tupper,
1987). However, the question of the relevance of these
signs of motor dysfunction for the execution of fine
motor tasks in daily 1living remains unclear, limiting
the assessments' prognostic wutility. In addition,
reliability difficulties in assessing speed of
performance have been described (8haffer, 1983) and
include such concerns as the effect of examiner
reaction time in starting and stopping the timing
mechanism. Similarly, problems in assessing accuracy of
motor movements include variability in clinical
judgement and difficulty in establishing sufficiently
high interater reliability.

Since a low correlation has generally been found
between abnormalities on clinical examination of motor
skill and functional athletic ability (Denckla, 1985)
it appears that often clinical £indings cannot be used




to extrapolate to real-life skills. Consequently, the
use of a computerized assessment method which engages
very precise unimanual and bimanual fine motor skill
guided by visual feedback is an attempt to replicate
some of the characteristics of real-life ¢fine motor

tasks while minimizing clinical zeliability obstacles.




clinical Significance of Assessment of Motor Punction

The clinical significance for asseasment of fine
motor skill is a Question of current debate (Szatmarl,
1984), particularly {n relation to the diagnostic
implications. It is well established in the 1literature
that motor incoordination may be an {ndicator of
cerebral dysfunction and has been associated with
specific populations such as hyperactive children
(Cantwell, 1977).

Motor incoordination has been the most frequently
found neurological sign (VWerry, 1972) in hypezactive
groups. Clumsy children have been of particular
interest due to associations between behavior, learning
problems and poor motor coordination (Walton, 1962;
Qubbay, 1965). oOf all neurological signs, motor
incoordination is the one most frequently £found in
children with behavioral disorders and leazning
disabilities (Rutter, 1970; Michols, 1980).

With regard to wmotor incoordination that 1is
specific to dyslexic populations, research £indings
suggest substantial clinical significance. Owen (1971)
found poor alternating finger movemants and graphomotor
skills in design copying to be the primary

discriminators in screening an entire town of zeading




delayed children, same sex, normal reading sidblings and
same age normal readers. Similarly, Denckla (1980)
found dyslexics prior to 10 years of age to have the
greatest difficulty on a map wvalking test wvhen compared
to other learning disabled children and normally
reading controls. One particularly difficult aspect of
interpreting these £indings lies in the considerable
difference between these motor tasks. In other words,
graphomotor skill and map walking rely heavily on
visuospatial ability to guide the fine and gross motor
movement. Alternatively, alternating £finger wmovments
are "driven™ by motor programs that engage a sequence
of movements. Consequently, the underlying nature of
the specific motor tasks may indicate differences 1in
the etiology of the difficulty.

S8ince the presence of neurological soft signs are
also frequently associated with Attention Deficit
Disorder and behavioral difficulties, (Szatmarji, 1984)
and have been found to be conspicuously absent in a
subtype of Pure Dyslexia (Symmes, 1972; Denckla, 1985)
attention has turned to other measures of wotor
function in the learning disabled populations. On motorx
examination of pure dyslexics who were screened for ADD
(Denckla, 1985), speed of repetitive and alternating
movements were not found to be particularly slow 1like

the unscreened dyslexic group. Rather, pure dyslexics
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were found to be faster than controls on several tasks.
The distinguishing characteristics of the dyslexic
subjects in this study was a tendency towvard a large
right-left difference. That is, the tendency of
dyslexics wvas for movements on the left side to be
excessively slow compared to controls.

This £inding is consistent with results reported
by Badian (1977). On an alternating tapping task which
also engages motor programs for :opctitlvo alternating
movement of the hands but relies on auditory £feedback
from a wmetronome, dyslexics were also found to have
left hand inferiority when performing without feedback.
Arguments have been made that a left side slowing
suggests a delay in interhemispheric cooperation. Since
motor programs for planned sequential movement are
thought to originate in the 1left hemisphere (Kimura,
1974), a slower left hand response, which is localized
further awvay from the origination of the action in the
central nervous system, would be expected to be most
vulnexable in executing the task. Therefore, a slower
left hand response may be caused by the inefficient
tzansfer of motor programs from the left hemisphere to
the right hemisphere, directing the precise asovements
of the left hand.

Wolff (1984), based on findings of deficient left

hand movement in an alternating tapping task, proposes
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that motor tasks reflecting collaboration between the
hemispheres best characterize motor anomalies related
to reading fallure. In addition, a serles of studies
(Preilowski, 1972; PFagard, 1985; Jeeves, 1988) have
demonstrated that a task requiring interlimd
coordination discriminates between normal controls and
commissurotomy patients, acollosals and young children
prioxr to the age of maturation of the corpus callosum
and lis a method of assessing interhemispheric
collaboration. Consaguently, obtaining assessment
measures of unimanual and bimanual motor function on a
puze dyslexic population has clinical significance for
both further understanding of neurodevelopmental models
of dyslexia and exploring greater ecological and
prognostic relevance in motor assessment.

This study will conduct two experiments employing
a computerized, fine motor assessment method. The first
experiment will assess the unimanual fine motor skill
of dyslexic and normal children. The second experiment
will examine bimanual coordination of these subjects in
an attempt to obtain a measure of interhemispheric

collaborxation.
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CHAPTER 11

RELATED LITERATURE

Reading Pajlure: Defining Dyslexia

Attempts to understand the failure of some children
to develop the cognitively complex skill of reading has
been the focus of research for over 90 years (Morgan,
1896). Orton (1928) noted that children who exhibit
severe reading problems often reversed letters and
symbols. He attributed this to competition between the
hemispheres due to the fact that cerebral domainance had
not been established. Drew (1956) proposed that
selective reading disablility wvas caused by a delay in
development of the parietal lobe. Kinsbourne (1973)
suggested that selective reading disability may be due
to a developmental 1lag that is ultimately made good,
but nonstheless does not allow the child to escape the
reading failure and emotional resistances to reading
wvhich accompany failure.

Current thinking about dyslexia attempts ¢to
integrate the many studies on error patterns in reading

and spelling, cognitive abilities, neurolo¢ical
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abnormalities, neurcanatomical organiszation and
electrophysiological diffexrences (Benton, 1978). Theory
relating brain structures to specific sensory and
cognitive functions (Luria, 1980) has facilitated this
integration. The diagnosis of Minimal Brain Dysfunction
was such an atteapt to assocliate academic, cognitive
and neurological abnormalities (Denckla, 1978).

Dyslexia 1is now considered a heterogeneous
disorder with numerous subtypes identified (Kinsbourne,
1963; Mattis, 1975; Boderx, 1973). Maliphant (1974), 1in
his review of the experimental research literature on
reading failure, discussed evidence of 20 different
cognitive processes found to impair reading. At that
time, studies examining the cognitive abilities of poor
readers focused on the many aspects of acuity and speed
in visual pexception, sound/symbol associations,
seguential processing and auditory/visual integration
and such higher ordexr processing as semantic and
syntactic features. Such demonstrations of the
complexity of the skill of reading suggests the notion
of multiple etioclogies for reading failure. However,
current dyslexia research suggests that linguistic and
phonological problems are the most frequent and most
influential cognitive deficits zelated to rxeading
failure (Vellutino, 1978; Tallal, 1974; Wolf, 1980;
Rudel, 1985).



Motor Punction and Dyslexia

As the wide variablility 4in the cognitive
characteristics which accompany dyslexia became a means
of identifying particular subtypes (Mattis, 1975;
Denckla, 1978), motor abnormalities, often termed
neurological soft signs, also emerged as related to
specific learning disabilities. 8ince research findings
on adults with localized lesions suggests that both
skilled hand movements and language processes are
prefexentially programmed in the left cerebral
hemisphere (Hammond, 1982; Kimura, 1977; Levy, 1973),
motor abnormalities of dyslexics have been of {nterest
(Annett, 1973).

Research studies examining neurological soft signs
in poor readers have discussed five types of motor
abnormalities: choxeliform movements, unusually
slov-rate of movement, synkinesis or overflow movement,
mizrror movements and dyspraxia. Choreiform movements
were initially described by Prechtl (1962) as slightly
jJerky movements which occur q@quite Iirregularly and
arhythaically in fingers, hands, neck, head, arms, legs
and feet. They are characterized by their sudden

occurzence and short duration and have been found to



15

correlate with complications of pregnancy, unrestrained
behavior, clumsiness, poor concentration and zeading
failure. Precht]l proposed that (impulses which are
tzansmitted to the nervous system are rendexed slightly
false or inadeqguate by these movements and affect the
child's relationship to the environment. Most of these
findings were replicated by Rutter (1966) and Wolft
(1966) but were £found to correlate with learning
disabilities, not specifically with reading fallure.
Assessment of the zate of fine motor movements
requires determining the length of time to perform
repetitive and alternating movement of the feet, hands
ard fingers on a standardized battery of tasks while
evaluating the Qquality and rhythaicity of the movement.
S8lowness in rate of repetitive and sequential movements
have bsen found to correlate with reading failure. Owen
(1971) found ¢that poor rapid alternating finger
movements were the sole £inding distinguishing a
developmentally reading disabled group from controls in
a sample of the children from the entire town of Palo
Alto, California. Similarly, Rudel (1985) reports
significant slovwing of zepetitive movements in a group
of dyslexic boys. There was also a greater difference
between left and zright sided movements among the poor
readers, with the left side movemsnts much slower.

Additional studies which employed msasures of rate of
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movement as well as other neurological soft signs have
also found an {increased incidence among dyslexic and
learning disabled populations (Peters, 1975; Aams,
1974; Nichols, 1981).

synkinesis (also called associated or overflow
msovements) refer to wmotor irzadiations or movements
that are outside the subject's awvareness and accompany,
but are not necessary for the performance of an
intended action. Examples of synkinesis would include
movement of the 1lips or mouth during execution of a
fine motor task with the hands or unconscious movement
of the fingers of the left hand while manipulating the
fingers of the =zight hand. 8Such overflowv movements
decrease with age (VWolff, 1983) but persist in children
and adults with known neuroclogical damage (Woods, 1978;
Nass, 1985). Dennis (1976) describes assoclated
movements in individuals with agenesis of the coropus
callosum. She suggests from this £inding that the
coxrpus callosum might enhance the specificity of motor
cortex action by helping to suppress orx inhibit
superfluous movements. Other studies (Kinsbourne, 1974,
1982; Lazarus, 1987) likewise argue for on inhibiting
zole in the corpus callosum since the amplitude of
associated movements diminishes with increasing age and
mylination of callosal £ibexs. Although the texrm
lnhlbltlon‘ is not ulgnyt used precisely In the
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literature examining functions of the corpus callosum,
it Dhas a neurologically specific meaning. on
neurological exam, inhibition indicates the prevention
of extraneous or unintended movements in inactive body
parts during execution of a particular intended
movement (i.e., preventing the xight hand or foot from
moving while tapping with the left). Bvidence of a
possible relationship between synkinesis and reading
failure is suggested in some studles (Cohen, 1967;
Ingzam, 1970; Ssatmari, 1984).

Overflow movements are distinguished from airror
movements, which are characterized DLy involuntary
movements executed by one side of the body that exactly
zeplicate a movement on the other side of the body
(Schott, 1981). Mirror movements that predominantly
involve the hands, increase with the amount of effort
expended in the intended movement and can be suppressed
only partially. Mirror movements have not been
associated with reading fajllure per se, but have been
observed in the presence of neurological disorders
which are congenital or acquired (Woods, 1978) and are
commonly observed in the early stages of development.

Pinally, the term dyspraxia is frequently used to
describe minor motor abnormalities. Since this is a
general term referring to impaired coordination of

movement and not zreferring to a specific type of
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abnorsal motor movement its use may include any of the
soft signs previously discussed. The terms clumsy,
uncoordinated, dyspraxic are freguently used vhen
describing dyslexic children. Nowever, no causal or
incidental relationship between movement characterized
by these terms and dyslexia has been established
(Benton, 1975).

8ince zeading 1is such a complex skill <zequiring
both linguistic and visual-perceptual abilities, both
hemispheres and involvement of many regions within
hemispheres are engaged. Gaddes (1980) points out that
reading cixcuits in the brain are extremely complex and
emphasizes “"There are most likely as many types of
selective reading disability as there are loci of
cerebral lesions in this circuit and its contiguous
brain tissue." (p. 242) The subtype literature further
describes differences in the cognitive profiles of
dyslexics.

Motor abnormalities have been found to
freguently accompany dyslexia, hyperactivity, poor
concentration and behavior disorders. However, they
were conspicuously absent in a Pure Dyslexia subtype
fdentified by screening for all other abnormalities
(Sysmes and Rapoport, 1972). Subjects were screesned for
all other contributing deficits such as sensory

impaizrment, history of chronic ({llness or serious
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accident, seizures or any of the prenatal or perinatal
conditions relating to fetal anoxia and thus to
neurological high risk. Subjects were likevise screened
for psychiatric, socloeconomic and educational
contributing factors.

Although the distinction between specific subtypes
among dyslexics has been well established (Kinsbourne,
1963; Mattis, 1975; Denckla, 1977; Boder, 1973) 1little
research 1is avallable on further describing the
distinct characteristics of these lubt}pcs,
particularly in relation to motor function. However,
tvo studies do address this issue. The absence of motor
abnormalities in Pure Dyslexia was first established by
Symmes and Rappaport (1972). One study (Denckla, 1985),
examining motor function of Pure Dyslexics screesned for
ADD and other contributing abnozmalities, found
dyslexics to be superior to normals in speed of
repetitive and alternating movements. The
distinguishing characteristics of the dyslexic subjects
in this study was a tendency towvaxd a large right-left
difference. That is, the tendency of dyslexics was for
movements on the left side to be excessively slow
compared to controls.

Another study (Leslie, 1985) examining the
unimanual and bimanual motor function of dyslexics on

seguential fine motor movements on the Purdue Pegboard




used a dyslexic subtype (Mattis, 1975) with naming
difficulty. A £inding of particularly poorx left hand
performance differentiates dyslexics (9 to 12 yxrs old)
fxom controls. Leslie found a difference only in the
unimanuval condition and argues that this suggests
problems in interhemispheric collaboration to the
extent that the 1left hemisphere controls fine manual
dexterity and planned sequential action (Geschwind,
1975; Heilman, 1979; Kimura, 1977; Kimuza, 1974). 1In
othexr words, poor left hand performance might be due to
inadeqguate transfer of left hemisphere motor programs
to the zxight hemisphare £for execution with the left
hand. Alternative explanations like faulty right
hemisphere functioning ox faulty motor learning were
ruled out.

This £inding is consistent with Denckla‘'s (1985)
repoxt of greater slowing in the left hand of a Pure
Dyslexic group executing sequential finger movements
(although the tasks differ in the type of muscle groups
engaged, they both employ repetitive, sequential
movements thought to be generated by the left
hemispheze). Leslie furthex zeports a difference
between the groups on the pattern of correlations
between the unimanual and bimanual tasks. Fzom this she
azgues that the groups employed different strategies in

executing the tasks. Thus, her argument for differences
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in interhemispheric collaboration is based on defining
the particular task demands, here being sequential
motor movement, citing the literature indicating left
hemisphers specialisstion for planned seQuential fims
motor action and the evidence of differences ({a
performance and strategy im the dyslexic and control
subjects.

Pindings of such variability im the cognitive
abilities and deficits of dyslexics support a
multiple-antecedent, multiple consequent model (Viener
and Cromer, 1967) which assumes that different
antecedents or cognitive deficits will have different
consequences such as unigue error patteras. This study
examines one model of reading failure and argues for
the necessity of efficient transamission through neural
connections between and within hemispheres in the brzains
in order to employ compensatory skills and integrate
all the complex cognitive functions engaged in skilled

reading.
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Leaft Hemisphare Model of Reading Pajlluxe

Two prominent models of developmental zxeading
failure, the Left Hemisphere Model and the
Interhemispheric Collaboration Model, 4iffer in wvhat
esach regards as the hypothesized underlying neural
dysfunction. The firzst, the Left Hemisphere Model, 1is
based on evidence that both language processes and
skilled hand movements are preferentially programed 1in
the left cerebral hemisphere (Hammond, 1982; Kimura,
1977; Levy, 1973). Thus, this model rxelates zeading
failure to language disorders (Vellutino, 1978;
Liberman, 1976; Vogel, 1974; Rudel, 1985; Denckla,
1976) and motor defecits (Annett, 1973; Corkin, 1974;
Rudel, 1985) attributed to the left hemisphere.

Poor readers have been found to have receptive and
expressive language delays (Orton, 1937), impaired word
£inding (Volf, 1980; Rudel, 1985) slowed automatized
naming (Denckla, 1976), poor learning of verbal
absuzdities, phonic structure, syntax and semantic
processing (Vellutino, 1978; Liberman, 1976; Vogel,
1974; Vollexr, 1976). Deficits 4in temporal order
perception (Senf, 1969; Bakker, 1972: and slower zate
of phonological discrimination (Tallal, 1974) have also
been related to the language impairment obsexrved ({n
dyslexic cﬁlldzon.
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Motor anomalies associated with language disorders
have been demonstrated in Annett's £inding (1973) of
speed of foot movement being correlated with vocabulary
and the poor performance of dyslexics on movemsnt
sequences (Corkin, 1974). Simllarly, the findings from
studies suggesting poozxer left hand perzformance in
dyslexics (Lesllie, 19838) and greater zight-left
differences in dyslexics (Rudel, 1985) demonstrate the
importance of obtaining precise measures of speed and
accuzacy in assessing the single hand motor function of
dyslexic subjects and will be the focus of Bxperiment I
in this study. The £findings from these studies which
demonstrate differences in unimanual motor function 1in
pure dyslexic subjects have been influential in the
design of the first experiment testing unimanual wmotor

coordination with visual feedback.

Intexheamispherxic Collaboration Model of Reading Pailuxe

The second, or Interhemispheric Collaboration
Model, suggests that zeading is not strictly a left
hemisphere function but reguires collaboration of both
hemispheres (Gazzaniga, 1973; Myklebust, 1975). Other
zesearches have speculated that delays in myelination
of the cerebral commissures (specifically the corpus

callosum), may limit the ability of the hemispheres to
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integrate information necessary for reading, and may
account for one subtype of dyslexia (Rvans, 1978; Blau,
1977; Valett, 1980; Pirozzolo, 1979; Cermak, 1981). At
present, not enough research data has been zeplicated
to support or rule out interhemispheric integration as
a contributor to dyslexia.

Best (1985) =zeviews the related literature
supporting this viev and proposes a theoretical
argument. 8She argues against the alexia-dyslexia
analogy and criticizes the logic undozljlnq
interpretations of £indings of left hemisphere
differences in dyslexia. Quoting Orton (1937) and
Geshwind (1962), Gladstone and Best (1985) address the
limits of the analogy between the adult alexic and the
developmentally dyslexic child.

"The primary difficulty with the analogy is that
it ignozes the word developmental in developmental
dyslexia. It assumes an egquivalence between the mature
performance of an acquired skill and acquisition of
that skill. This violates two fimportant
neuropsychological concepts: developmental plasticity
and the dynamic nature of neural activity.*
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Presenting evidence for the Interhemispheric
Collaboration Model, they £focus primarily on the
cognitive and neurological differences between the
acqguisition of a skill and the performance of the skill
once it 4is acqguired as the essential arguaent for
considering interhemispheric collaboration to be a
prominent factor in dyslexia. They use Goldberg and
Costa's (1981) model as one possible explanation for
how complex cognitive skills are acquired and
eventually lateralized. In this model, complex novel
stimull are initially encoded in the right healisphere
vwith a shift of knowledge acquisition to the left
hemisphere while building a linguistically coded
descriptive systeam.

*Within this model, zeading acquisition, which
may be viewed as the imposition of a novel visual code
on an established auditory-linguistic code, would be
predicted to show this right-to left-hemisphere shift.
Goldbexg and Costa (1981) propose that a general rxight
to left shift occurs during the acquisition of any
skill. To make the argument specific to reading
acguisition, written letterzs (orthography) would
constitute abstract, intrinsically msaningless

visuospatial forms to a beginning reader. Perception of
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mesaningless visuospatial figures typically shows a
zight-hemisphere advantage (e.qg., Kisaza, 1966),
wvhereas perception of the auditory-linguistic
components in spoken and written language (phonics)
showvs a left-hemisphere bias (Kimuza, 1961). ) §
Goldbexrg and Costa‘'s general argument is coxrect, then
the early acquisition of reading skill would be
expected to rely heavily on communication between the
hemispheres, with decreased amounts of collaboration
necessary as the skill developed. Por the adult,
reading would be expected to showv a left-hemisphere
advantage because the visual units have become familiar
symbols that are linguistically coded. Consistent with
these notions, 6Goxdon and Cazmon (1976) have
demonstrated a shift from zight-to left-hemisphere
advantage for a task that requized learning names for

unfamiliar visual symbols."

Further support for the importance of
interhemispheric collaboration in reading exists
throughout the neuropsychological literature. Gazzaniga
(1973) stated that reading {is a process that requires
thse transfer of {information between the cerebral
hemispheres and has suggested that some aspects of
ainimal brain dysfunction =zxeflect problems in the
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shuttling of information between various specialized
processing centers in the brain. Myklebust (1975) also
has suggested that the primary deficit of some dyslexic
childzen is impairment of the ability of one hemisphere
to communicate with the other, reflected cognitively by
the child's inabilty to convert verbal learning (left
hemisphere) into nonverbal form. Gassaniga (1973)
posits that when there is inadeguate inhibition between
the hemispheres, cerebral dominance and specialiszation
fail to develop and the zxesponse of one half of the
brain interferes with the responding of the other,
preventing the overall efficiency of the collaboration
process.

Given the many linguistic abilities that the =rxight
hemisphere is capable of displaying (Colthearzt, 1983),
including the perception and production of spoken
language and specific reading skills (Zaidel, 1982;
Gxoves, 1981; Lassen, 1978), the Interhemispherxic
Collaboration Model holds that the collaboration of the
tvo hemispheres through the corxpus callosua plays an
essential role in the reading process.

To date this model is based on theoretical
zeasoning and nonreplicated experimental studies.
Reseazch studies focusing specifically on
interhemispheric .function related to creading have
employed a v;tloty of methods in examining this model
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and the rxole of the corpus callosum in cognitive
function.

One sexies of experiments focuses on
interheaispheric transfer in dyslexic subjects and |is
based on Geschwind's concept of
connection-disconnection. They were designed to
investigate the hypothesis that developmental dyslexia
could be attributed to interhemispheric transfer
deficits (Rudel, 1974; Rudel, 1977; Vellutino, 1978;
Vellutino, 1983; Broman, 198S5). Rudel (1974) looked at
the discrimination and learning of Brajlle
configurations and found that performance, <rxesponding
"same/different® while palpating the Braille
configuration, was better using the left hand of =xight
handed noxrmal children over 10 years of age. Vellutino
(1978) presented poor and normal readers with Chinese
ideographs through tachistoscopic images to one visual
field. The i1deographs were paired with common Bnglish
words for the childxen to learn. It was predicted that
presentation to the zight heaisphere should
discriminate between poor and normal rsaders if
interhealspheric transfer was inhibiting the zeading
pxocess. This was not the case. JNormal readers we:re
better at learning the word/symbol association in both
conditions of right and left hemisphere presentation.

Similarly, there vas no indication of an
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interhemispheric transfer deficit in poor readers with
detection of simple dots presented to right and left
visual fields (Vellutino, 198)3).

Pour experiments by Rudel (Broman, et. al., 1985)
looked at manual reaction times to the simple stimulil
of tones and dots. WVhen presented to both hemispheres
simultaneocusly, to individual hemispheres and to the
opposite hemispheze of the responding hand of normal
and poor readers, bilateral presentation ylelded faster
reaction times. HNHowever, there was no consistent
right-left difference or consistent superiority of the
intra-vs. inter-hemispheric reaction times of either of
the groups.

Subsequent experiments, stemming from this
tinding, were based on the possibility that simple tone
and dot stimuli may be processed subcortically, and may
be bypassing the cortical assocliation areas involved in
zeading. A similax study, using tachistoscopic
presentation of single letters, measured reaction timss
and errors to stimuli presented on the same side as the
responding hand or the opposite side. Reaction times
were not significantly 1longer for the poor zeaders
group, nor did they make more errors in the crossed
condition. However, poor resaders were selectively
faster and made more erxrors in the zxight hand

condition. Thus, this series of experiments d4id not



£ind evidence of interhemispheric transfer deficits 1in
dyslexics.

In an interhemispheric collabozation study by Neff
(1906), she argues that "studies are needed to focus on
an age xange that spans a period of years when
interhemispheric communication ability is supposedly
developing, and that examines the three known
components of the communication process (transfer,
inhibition and ability to screen out {nterference)."
(p. 5) 8he utilizes a cross sectional comparison of
normal and poor readers with five tasks requixing no
language but engaging within hemisphere and between
heaisphexre processing of perceptual, motor and
visuospatial stimuli. The tasks included texture
matching (Galin, 1974), motoxr control of finger
movements (Rey, 1941; Kinsbourne, 1973), finger
localization (Galin, 197¢4) and maze leaxning. The
expected performance increment with increasing age was
found in the normal zeaders, age 3 to 11, looking at a
ratio of crossed vs. uncrossed errors. The dyslexic
children, age 11 ¢to 15, rzesembled younger normal
children in overall 1level of correct tresponse and Iin
the zatio of crossed to uncrossed errxors. Performance
of the poor readers approximated that of the normal

zeaders who were 4 to 6 years younger than themselves
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and showed {improvement with age within the dyslexic
group.

Since the dayslexic deficencies obsexved in
nonverbal tasks were based on delayed interheamispherxic
collaboration ability in exscution of motor function,
she azxgues for the {importance of further study in
detezmining the zole of this function in dyslexia. In
addition, she argues for the necessity of using a
reseaxch design vith broader age range and tasks
specific ¢to interhemispheric transfer, classical
inhibition and ability to screen out interference which
may be more readily observed in simple nonverbal tasks.
The £indings 4in this study point to the difference
between simple interhemispheric transfer of information
in simple verbal tasks and the more complex functions
reqQuired in intezheaispherxic collabozation for
execution of motor tasks where greater shielding and
sharing of information is required.

such £indings on interhemispheric function 1in
dyslexia have also led to examination of the
litezature on the zxole of the corpus callosum in
cognitive function. The simlilazity of motor
deficiencies in bimanual synchronization reported among
adults with surgical separation of the corpus callosum
or callosal agenesis (Dennis, 1976; Kreuter, 1972;
Pezriss, 1975; Zaidel, 1977) and subjects with reading
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tallure (Klicpera, 1981) further supports this wmodel.
This literature suggests that, under normal conditions,
the callosal pathways may serve to regulate the motor
outflow necessary for bimanual synchroniszsation while
inhibiting overflov movements from the opposite
hemisphere which would interfere with bimanual
coordination. Similarly, the callosal pathwvays may
facilitate the integration of the many complex
cognitive functions required in reading.

Another series of experiments focuses
specifically on the bimanual coordination skills of
dyslexics (Badian, 1977; Klicpera, 1981; Volff, 1985).
On a bimanual, sequential tapping task (Volff, 1985),
dyslexics were unable to maintain a rhythmic movement
pattern wvhen the auvditory feedback of a metronome was
removed. At high speeds of movement, adolescent, male
dyslexics exhibited greater overall variabllity in
performance and strayed further ¢£rom the expected 2:1
intermanual ratio of movements which wvas paced by the
metronome. Like the callostomy patients, they were
unable to sustain independence in 1limb w=oveasnts
without feedback. Difficulty in preventing the
momentarily inactive, non-leading hand (either right orx
left) from moving in unison with the active, leading
hand suggests deficient inhibition of overflovw movement
thzough the coxpus callosum. 8Since the dyslexic




33

subjects compared to normal controls were unable to
sustain this bimanual synchronised movement, the
finding supports the hypothesis of poor
intexhemispheric collaboxation among dyslexics.
Application of the Interhemispheric Collaboration
Model £indings from partial callostomy and acallosal
subjects to the bimanual difficulties observed |in
dyslexics is limited by the differences in the nature
of the tasks performed and the type of feedback
available in each. 1In other words, both the task of
bimanual tapping to a metronome and bimanual
manipulation of a crank pen plotter with visual
feedback require synchronization of the two hands and
thus the two hemispheres based on sensory feedback.
However, the differences between auditory and visual
sensory feedback and the two distinct motorx
manjpulations in the tasks also =msans differences Iin
vhich neural pathways are engaged through the corpus
callosum. Consequently, these differences limit
inferences which can be drawn regarding comparable

neurophysiological function.
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Rimanual Skill Acguisition in Acallosal,
Commissuzotomy Subiscts and Moxmal Controls

The £indings from four studies that analyze the
acquisition of bimanual motor skills (Preilowski, 1972;
Pagard, 1985; Gladstone, 1985; Jeeves, 1988) have been
influential in the design of the second experiment {n
this study testing bimanual skill and the formulation
of these hypotheses. Three of these studies
(Preilowski, 1972; Pagard, 1985; Jeeves, 1988) differ
fxrom this design in two ways. Pirst, they analyze
improvement in bimanual skills over repesated sessions
of training vhere this study looks at performance on
single trials. Second, they employ a bimanual task
zequiring movement of the limbs in turning a crank with
each hand and arm zather than turning knobs with the
fingers. This difference in the type of task for
acquisition of a bimanual motor skill is of particular
significance because engagement of the entize limb and
hand using gross motor coordination have been found to
be regulated by ipsilateral pathways of the pyzramidal
tzact (Brinkman, 1972; Sperxy, 1968; Geshwind, 1970)
vhere fine motor movements of the distal musculatuxe of
the tlngog: is facilitated by contralateral pathways.
All four of these studies tested subjects at different
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age ranges and no mention is made in any of these
studies of screening subjects £for ADD-Hyperactivity.
Since children with ADD have been found to have
increased overflowv movements (Denckla 1978), this would
be an important variable to control in matched samples
on studies vhere precision of bimanual motor movement
is measured.

Preilowski's (1978) xesults from testing adult
partial callosal patients and adult normal controls on
bimanual coordination skills indicate that f{nitial
phases of skill acquisition contain a variety of errors
for all subjects, (i.e., turning ia the wIong
direction, with the wrong hand or at the wiong time).
This initial fnconsistency in performance led
Preilowski (1977) to suggest that "from the beginner's
first few trials no information can be Qained about
specific sensory motor mechanisms anderlying the
leazning of a motor skill". However, once the basic
movement pattern was mastered, the primary difficulty
consisted in coordinating the movement of the 2 1limbs
at the correct rate for the angle being traced or
"angulaxr velocity". Alternation of action of the hands
producing 8 stair step effect in the pathway being
tzaced was typical of the partial callosal patients but
not of normal control subjects. Progress in the

acqguisition of skill was more zapid in controls. All
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subjects performed better with visual feedback. Vith
500 trials of training, partial callosal subjects never
reached the same level of performance as controls
despite no differences in initial performance and
equally extended practice.

Without visual feedback, partial callosals drifted
towvard equivalent rate of movement of the 2 hands on
angles requiring different zates of wmovement. The
greatest difficulty was observed in tracing an cng;c at
112.5' which required greater suppression of the action
of the right hand in zelation to faster action of the
left hand. Conversely, performance improved at 157°
under the reversed conditions wvhere suppression of the
left hand was necessary in zelation to the greater
action of the right hand. Preilowski reasoned that 1|if
the left hemisphere is dominant for motor programming,
the predominant flow of inhibitozry impulses through the
commissures must be from the right hemisphere to the
left. Vhen the right hand must be slowed to coordinate
with the faster movement of the left hand, the effects
of the partial cosmissurotomy can be seen in less
inhibition of movement and this explains the difference
in performance on angles xeqQuiring different ratios of
hand movemsnt. (Note: Although the use of the term
inhibition in this interpretation departs from the

common neurological use of the concept of inhibition,
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it suggests that separation of the corpus callosum does
not allov for suppression of irradiations from the
zight hemisphere and independent regulation of movement
in the right hand.)

This shift toward eqguivalent rate of movement
which occurs when visual feedback is withdrawvn was
interpreted by Preilowski (1977) as reflecting the
absence of motor corollary outflow in subjects without
intact interhemispheric pathways through the corpus
callosum. He contrasts the execution of the task with
and without visual feedback by arguing that with visual
feedback immediate information to regulate the hands is
available to both hemispheres. In contrast, without the
visual feedback, he states, *In finely skilled
coordination, however, they are handicapped since no
direct exchange of information is possible between the
hemispheres,” because "...immediate information £rom
the movements of one hand is not available to the
other hand.” Consequently, Preilowski posits that the
difference in performance of partial callosal subjects
and noxrmals on this task suggests that the anterior
commissures facilitate the interheamispheric iateraction
of motor corollary outflow. With this contzol mechanism
eliminated, the partial callosal subjects were forced
to zely on slower visual and proprioceptive feedback

systems .
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Pagard (1985), following the model used by
Preilowski, tested normal childzen (7 year olds) and
adults in the acqguisition of bimanual w=motor skills.
Initial performance xevealed a similar pattexn in the
steps for learning described by Prellowski with an
initial 4ifficulty in establishing the motor seguence
and then a tendency toward the equivalent rate of
movement when inappropriate to the task. Bstablishing a
correct, consistent movement pattern or mastering the
angular velocity, wvhich eliminated alternating hand
movement and directional erxrors, took longer for
childzen than adults. Pagard described erxrors related
to angular velocity where the 2 hands must move at
different rates. He described these errxors as differing
in kind from "true mirror movements®™ but suggests they
are caused by motor f{rradiations affecting the fine
tuning of movement necessary for precise angular
velocity in the children. This argument implicates the
immature corpus callosum in the childrens' (inferior
mastery of this interhemispheric task.

BqQuivalent rzate movement demands (1:1 zxatio),
vhezre the hands move in unison, characterized the
condition which produced the most accurate performance
in both groups. Movement of the hands at different
zates produced errors or drift in the direction toward

equivalent movement. Purther, mastery of tracing an



angle at 22' with greater movemsent of the right hand
than left proved more d4ifficult than the reverse at 67'
for the children but not adult sudbjects. This £inding
is the reverse of Prieclowski’'s results wvhere the
greatest difficulty occurred on angles zequiring
greater movement of the left hand and inhibition of the
right hand.

Based on the £indings of Preilowski and Pagazd,
Jeeves (1988) questioned the interhemispheric capacity
of 6 year o0lds to perform a similar task in comparison
to 10 year olds and adults because of their incomplete
myelinization of the corpus callosum. Subjects also
received training beyond that given in Fagard's study
with 9 sessions of practice as compared to 4 sessions
of practice given by Pagard.

Por adults and 10 yeazx o0lds with visual feedback,
the angles requiring coordinated activity of the two
hands d4id not produce significant differences in
performance based on equivalent or different wmovemsnt
constraints. However, the 3 year olds showed
significantly greater deviation on angles that required
diffexent zatios of simultansous hand movemsents but 4id
not differ from the others wvhen the hands moved
alternately or in exact unison. Thexe wvas no difference
in performance based on greater activity of one hand in

zelation to the other. In contrast, Jesves reports that
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acallosals also tested (Jeeves, in press) exhibited
significantly greater difficulty suppressing the «right
hand to coordinate with the greater activity of the
left hand, zxeplicating Preilowski's £inding with
partial commissurotomy subjects. For the 6 year olds,
the data suggests the reverss. The mean deviation when
suppressing the left hand is greater than when
suppressing the right hand, but the difference is not
statistically significant due to wide variablility in
the sample.

BRimanual Skill Acqguisition in Dyslexics

Pollowing the reasoning of Preilowskl and Pagard,
Gladstone (1985) utilized this model for
interhemispheric collaboration in a study examining the
interhemispheric skills of dyslexic boys, Qquestioning
the zole of interhemispheric Iintegration in reading.
All dyslexic subjects were selected to meet the
criterion of an anomic subtype of dyslexia (Mattis,
1975). Gladstone's design differed in several wvays from
the other studies. He compared age matched dyslexic and
normal readers at 9 to 14 years of age on a task
similar to that of Preilowski and Pagard. However, his

apparatus only required use of the f£fingers to turn a
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knodb rather than using the entire 1limb to turn a crank.
In addition, Gladstone controlled for the possible
influence of manual preference in skill acquisition by
varying the control of horizontal and vertical
movement of the pen. That is, "The position of the
potentiometer controls were counterbalanced so that the
left hand controlled the x axis for half of the
subjects in each group, and the left hand controlled
the y axis for the other half.” Angles were traced 1in
both the upper xight and upper left spatial gquadrants
which included the angles used in both Preilowski's and
Pagard's designs. Data was collected on single session
performance rather than repeated training sessions.

No differences were found in comparing the
performance of groups using one hand at a time on
unimanual trials. However, when the two hands moved in
unison, dyslexics were slower and/or less accurate in
bimanual trials. These differences were found only on
angles in the upper left gquadrant where the two hands
were xequized to tuzn in opposite dirxections
(bidirectional) and were not exhibited on angles in the
upper right quadrant where tracing required that the
two hands turned in the sane direction
(unidirectional). This £finding was present under both

visual and no visual feedback conditions.
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Gladstone further found that the poocer
performance among the dyslexics was primarily due to
the function of the left hand. Specifically, he reports
gzroup differences where the control subjects exhibit
better left hand performance on the bidirectional
angles as compared to unidirectional angles. However,
dyslexics displayed poorer left as compared to their
own xight hand performance on bidirectional angles.
Also, when visual feedback was removed, the dyslexics
differed from controls by frequently reversing the
direction which the 1left hand had been turning. This
errox was never observed in the age matched normal
controls and persisted across trials despite knowvledge
of results.

The interpretation of this unigue tendency of the
dyslexics to reverse the direction of the left hand
remains unclear. In contrast to Preilowski's statement
that no information can be gained from the subjects
first few trials of practice, Gladstone posits that the
quality of errors on initial trials of bimanual wmotor
skill acquisition discriminates between dyslexic and
normal readers. Prom this f£inding, Gladstone suggests
that "a strong movemsnt preference for unidirectional
coaction of the two hands existed among the Iimpaired
readers, and they had difficulty inhibiting this
tendency” without the use of visual feedback. This
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difference between dyslexic and normal controls (in
bimanual cooxdination skills was interpreted as a
manifestation of deficlient intexhenispheric
communication. It is also consistent with the £findings
of Preilowski when partial commissurotomy subjects
showed the greatest deficits on trials which
preferentially relied on the input of the left hand.
Befoxe intexpretations of this finding based on
neurcanatomical similarities or differences in the
groups can be discussed, the influence of
methodological characteristics of the study must be
considered. Gladstone does not repoxrt wvhether the
method of controlling for manual preference by having
half of the subjects manipulating the horizontal and
vertical with opposite hands also msant that only half
of the subjects used the left hand to turn in a
counterclockwise direction in the upper left quadrant.
If this were the methodology employed, it would
represent another variable fox consideration in
interpreting the £inding that nearly half of the
dyslexic subjects reversed the direction of movement of
their left hand compared to no loss of direction among
the controls. In other words, it raises the question of
vhich group is making most of the errors. Were the
nearly half of the dyslexic sample who made reversal
errors all initially turning the left hand in the same
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direction before the visual feedback was removed?
Similarly, there is no zeport of possible age effects
in the sample. 8Since the age of this population
includes boys during the years when myelinization of
the corpus callosum is completing (Yakolev, 1967),
these reversals in direction of movement may be
attributable to the chronologically or maturationally
younger dyslexic subjects. There is also no {ndication
that subjects were screened for ADD/Hyperactivity which
may account for greater overflov movement in some of
the dyslexic subjects.

The similarity between the bimanual performance of
callostomy patients and dyslexic boys is striking, but
these and other differences in the procedures used 1in
these studies 1limit inferences regarding comparable
underlying neuropathology. Gladstone's study, for
example, required subjects to manipulate 1.5 am knobs,
engaging the use of distal musculature only. In
contrast, Prelilowski's callostomy patients were
required to use gross motor Zfunction engaging neural
pathways for both distal and proximal muscles wvhen
turning the 6 mm crank handles. Such problems with
research methods used to assess motor function are a
source of concern, particularly in relation to
sensitivity of instruments and zeliability of £indings
(S8haffer, 1983; Szatmari, 1984). In addition, none of
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these studies (Prellowski, 1972; Fagard, 1985;
Gladatone, 1985; Jeeves, 1988) screensd the subjects
for the presence of Attention Deficit Disorder with
Hyperactivity (ADD-H) which has been found to be
associated with a high incidence of motor anomalies
involving slowed repetitive, seguential movements and
excessive overflow movement (Denckla, 1978). These
motor anomalies have been found to discriainate
dyslexic groups with and without ADD-H (Denckla, 198S5).
S8ince the neural substrates responsible for these motor
anomalies have not as Yyet been identified, 1t 1is
possible that the £indings of these studies may be, in
part attributable to the presence of ADD-H rather than
dyslexia.

In order to address these concerns and further
explore the developmental differences betwesen dyslexic
and normal readers in wmotor skill acquisition and the
relationship between interhemispheric collaboration and
reading skill, the proposed study will utilize highly
sensitive, computerized, bimanual and unimanual wmotor
tasks wvhich compare performances of poor readers to two
conlrol groups of normal readezrs. One yroup will be
age-matched to the dyslexic sublecls in order to test
the developmental 1lag Lheuozry and one group will be
younger apd hence have limited intexhemispheric

collaboration ablility. Having two normal readear control
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groups of different ages will halp tease out affects of
chronological age and actual maturational level of the
brain and just wvhare dyslexics flt on this continuum in
ordex to assess bimanual cooxdination skills both
gualitatively and ynantlitatlvely. All subjects will be

screencd for ADD-H.
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Dayslopment of Interhemispheric Collaboration
in NMoxmal Children

The use of a younger group of normal readers to
demonstrate limited cooperation of the two hemispheres
is supported by the developmental 1literature which
suggests that increases in such parallel processing
ability 1is correlated with Plagetian stages of
cognitive development (Plscual-bconc; 1970). The work
of Merola and Liederman (1985) demonstrates an increase
in hemispheric independence between 10 and 12 years of
age, the time of completion of myelinisation of
callosal fibers (Yakolev, 1967). Liederman (1986)
reasons that hemispheric collaboration requires the
ability of the hemispheres to “"share™ or transfer
information for coordination of simultaneous processing
of tasks while hemispheric independence allows the
hemispheres to "shielad" or suppress unvanted
information from the opposite hemispherxe for
independent processing. A marked decrease of overflow
movements in children during this age has been well
documented (Denckla, 1973; Wolff, 1983; Haggerty, 1985)
and suggests that normal physical maturation allows for
such healspheric cooperation.

Liederman's concept of independent work stations
in the two henmispheres allovwing for shielding and




sharing represents a higher order cognitive function
beyond simple transfer and {inhibition. As used by
Liederman (1986) shielding and sharing suggest that the
twvo hemispheres have a capacity to divide attention
between two tasks. This maturational cognitive
achievement has a neurological basis which is as yet
unclear and remains to be explored (Denckla, 1986).

The model suggests that the two sides of the brain
could serve as (i(ndependent centers for Iinformation
processing. But the developmental mechanisms for .hov
they simultanecusly cooperate and yet perform
distingtly different tasks is also lazxgely unknown.
Fzom a series of experiments Liederman has proposed
that interhemaispheric cooperation develops in three
stages. In stage 1, from birth to age 3, there is a
relative lack of communication between hemispheres. The
second stage, 3 to 10 years, is characterized Dby
excessive or imprecise communication between the
hemisphezes. The third stage, during adolescence and
early adulthood, flexible shifts from sharing to
shielding allows for accurate and independent parallel
processing in the two hemispheres. 1In stage 3, the
relatively unique and independent capacities of the
hemispheres begin to emerge and result in overall

higher efficiency.
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Kinsbourne (1988) applies such a model to the
interpretation of Neff's (1986) finding that dyslexics
exhibit {interhemispheric collaboration difficulties.
S8ince the dyslexics also had greater erxrxors on within
hemisphere tasks, Kinsbourne argues for an
intexpretation of fimmaturity in the specificity of
independent work stations both within and between

hemisphezes.

"Neurologically, perhaps both within and between
cerebral representations of the hands, dyslexics have
more difficulty in maintaining comparable 1levels of
activation for separate central loci for purposes of a
successive match, and wmore difficulty selectively
activating a single effector while leaving others
within the same category in their activation base
state. Rather than thinking in terms of a selective
callosal deficit, we should bear in mind that the
corpus callosum is simply the largest of an extensive
set of cortico-cortical connections. Maybe these
connections contribute to rendering cognition specific
and differentiated and perhaps it is 1in this rzathex
genezal function that the reading-disabled children are

in zetazd."
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Pollowing the reasoning of Liederman and
Kinsbourne, it 1is expected in this study that 1)
younger normal readers would not produce coordinated,
simultaneous movements because of a more limited
capacity for sharing Iinformation between the two
hemisphezres due to age. 2) despite intact fine motor
control, this qualitative difference in performance 1is
expected with and without visual feedback. 3) because
of the interference of overflow movements due to the
inability to fully suppress unnecessary Iinformation
from the opposite hemisphere, the younger children are
expected to exhibit quantitative diffexences in their
performance seen in the presence of zeversals and
disproportionate execution of different hand movements.
Thus, the (£fine tuning of shielding and sharing of
information between the hemispheres is expected in the
older group of normal readers, but not the younger
group.

It 1is further expected that older, poor readers,
like the younger normal readers, will exhibit signs ot
deficient interhemispheric cooperation. 8Specifically,
it is predicted that: 1) Older poor readers will
execute a disproportionate ratio of equivalent rate and
unidirectional hand movements on angles which require
different zate and bidirectional movement patterns. 2)

Despite having intact fine motor control, this
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qualitative difference in performance is expected with
and without visual feedback. 3) Older pooxr readers are
expected to reverse the direction of hand movements on
trials where visual feedback is unavallable for
monitoring. Thus, the interhemispheric skills of
dyslexic boys are predicted to be similar to the
younger normal readers. 8Such a finding would further
establish a relationship between reading falilure and
limited interhemispheric cooperation seen in bimanual
motor skills. Should there be no difference between the
poor readers and the age-matched control group, It
would suggest that previous xeseaxch £findings of
deficlient bimanual motor coordination in poor readers
may be attributable to methodological considerations or
other factors found to correlate with these motor

anomalies such as ADD-H and behavioral disoxders.
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I1I. THESIS STATEMENT

The purposes of this study are to:

1) Demonstrate the validity of a computerized task
capable of assessing unimanual and bimanual f£ine motor
and

visuospatial skills.

2) Examine the development of unimanual and bimanual
motor skills of normal children from 7 to 8 yrs of age
and 12 to 16 yzrs of age. Specifically, hypotheses wexe
generated to examine the development of motor function
as it zelates to right/left differences, use of visual
feedback or knowledge of results, effects of direction
of overflow in bimanual tasks and effects of direction

of hand movement in bimanual coordination.

3) Examine the development of unimanual and bimanual
motor skills of dyslexic children and compare their
abilities with age matched and younger normal <xeaders.
The aim in testing dyslexic subjects is to focus on the
development of the cooperative intezaction of the right
and left hemispheres through the corpus callosum and

the zolatlohship of interhemispheric cooperation to the
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acquisition of reading skills. The study will
investigate hypotheses suggesting that adolescents with
poor reading ability will be charactexized by bimanual
motor skills belowv age expectancy and perxform similarly
to young childzen wvho have not as yet developed these
skills due to incomplete neuronal development such as

myelinization of the corpus callosum.
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IV. PRELIMINARY STUDIES

In order to address these concerns and further
explore the relationship between interhemispheric
collaboration and zreading skill, a pilot study was
undertaken, utilizing a highly sensitive, computerized
apparatus to assess subjects' poztotinnco on unimanual
and bimanual wmotor tasks discussed in detalil in the
Methodology Section. Pllot data was collected on two
groups of children, both of whom had age appropriate
reading skills. The £first group consisted of seven
childzen between the ages of 7:11 and 8:10, vhile the
second was made up of four children between the ages of
12:0 and 14:11.

The pilot data was found to be highly consistent
with the observations made by (Prellowski, 1972;
Pagard, 1985; Jeeves, 1988; Liederman, 1985). Vhile no
quantitative analysis of the data wvas done due to the
small number of subjects performing on single trials,
the younger children, 1like the callostomy patients,
were found to be limited in their ablility to execute
simultaneocus movements of the two hands. They tended to
alternate between the right and left hands, producing a

stalrstep effect (Piguze 3) despite accurate fine motor
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control as exhibited by normal range performance on the
Purdue Pegboaxrd. On the basis of Pagazxd’'s and
Liederman's research, this finding suggests immature
interhemispheric collaboration for the sharing of
information in a simultaneous processing task.

Prequent reversals in hand movements were also
observed among the younger children on tasks requiring
simultaneous but asymmetrical movements of the right
and left hands (i.e., movements requizing a 2:1 or 1:2
zatio of left to right hand movement rather than 1:1).
This suggests immature interhemispheric independence or
the inability to inhibit overflow. When visual feedback
was provided, the younger children were frequently able
to monitor their initial zxeversals (Piguze 4). WVhen
visual feedback was removed at the midpoint, however,
they continued the reversal of the right hand (Pigure
5), the left hand (Pigure 6) or both hands (Pigure 7).
The older children who were tested exhibited no
difficulty in these skills (FPigure 8). Based on the
current literature and these findings the following
specific hypotheses have been formulated regarding the
pexformance of the three subject groups under esach of
the conditions |in the two experiments assessing

unimanual and bimanual skills.
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CHAPTER V

HYPOTHESES FOR EBXPERIMENTAL ASSESSMENT OF
UNIMANUAL (BXPBRIMENT 1)
AND
BIMANUAL (BXPERIMENT II)
FINE MOTOR SKILLS

Hypotheses addressing questions raised in the
litexature and defined by the thesis of this study will
be addressed here in relation to BExperiment 1
evaluating the independent right and left hand fine
motor skills of the subjects (unimanual skills) and the
ability to coordinate the fine motor skills of both
hands simultaneocusly (bimanual skills) in Bxperiment

11.

Mozmal Developmental Rffect for Experiment 1
Unisanual Motox Skill

Hypotheses predicting performance on execution of
unimanual, fine wmotor skills of normal readers are
based on the influence of lateralization (right and

left diffexences) and age.
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¥ithin Group Contrasts

Hl: S8ince all subjects arxe right handed, it is
predicted that both groups will perform significantly
better in accuracy with the use of the right hand when

compared to the left hand.

Between Group Contrasts

H2: 8ince fine motor skills have been found to
improve with age (Gardner, 1979), it is predicted that
an improvement in accuracy wvhen using the right or left
hand will be seen with age among the normal reading

groups.

Morxmal Developmental Rffect for Rxpeximent 11
Bimanual Motoxr Skill

Hypotheses predicting performance on acquisition
of bimanual motor skill are based on the results from
similar studies by Pagaxd (1985) and Jeeves (1988).
Hypotheses concerning acquisition of skill {nfluenced
by age, availability of visual feedback, and complexity
of task in symmetrical and asymmetrical hand movemsnts

are tested.
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Within Group Contrast

H3: Within each reading group it is expected that
accuracy will be better 1in the unguided, visual
feedback condition than the memory, no visual £feedback

condition.
Between Group Contrast

H4e: Because of the need for interhemispheric
collaboration in the bimanual task (Pagard, 1985) it is
expected that the older reading group will perform more
accurately than the younger =reading gzroup on the
unguided, visual feedback condition and the memory, no

visual feedback conditlion.

Within Group Contrast

HS: since all subjects are right handed, it |is
predicted that dyslexic subjects will perform
significantly better in accuracy with the use of the
zight hand vhen compared to the left hand.
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Between Group Contrast

Hé6: There will be no difference between the
dyslexic and age-matched normal readers on the

performance of the right and left hand seperately.

H7: The dyslexics will perform more accurately with
their right and left hand than the children.

Noxmal and Dyslexic Performance on Experiment II
Bimanual Motox Skill

Within Group Contrast

H8: Vithin the dyslexic group, it is expected that
accuracy will be better in the unguided, visual
feedback condition than the memory condition.

H9: Within the dyslexic and younger reading groups it
is expected that some subjects will loose the correct
dizection of hand movement when visual feedback |is

zemoved (Gladstone, 1985).

H10: It is expected that loss of direction of hand
movement among dyslexic and younger readers will be
attributable to bidirectional movement of the left hand
(Gladstons, 1985).
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Between Group Contrast

Because of the need for interhemispheric
collaboration in the bimanual task (Pagard, 1985) and
the evidence for difficulty in bimanual tasks in
dyslexics (Klicpera, 19681), it is expected that:

Hll: The age-matched reading group will perform more
accurately than the dyslexic group on the unguided

visuall feedback condition and memory condition.

H12: There will be no dlfference between the
performance of the dyslexics and the childzren on the
unguided visual feedback condition and the memory, no

visual feedback condition.
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CHAPTER 111

METHODOLOGY

fubiscts

Three groups of right-handed, middle class males
with normal intelligence were tested. The three subject
groups consisted of: 1) 14 noxmal readers betwean the
ages of 7:0 and 8:11; 2) 19 normal readers between the
ages of 12:0 and 16:11; and 3) 23 poor readers between
the ages of 12:0 and 16:11. Normal readers were
students in the WVhite Plains Public School Systea. Poor
readers were students attending the Kildonan School |in
Amenia, N.Y., vhich is a private school for dyslexic
boys. Parental consent for participation in this study
vas obtained for each subject (Appendix A, B) with the
assistance of the school adainistration. The schools
screened files in ozxder to identify students who met
the sample criteria. They then forwvarded to the parents
of these students, letters zrequesting their son's
participation with a permission form for the parents to
sign and zxeturn. Prom the 1/3 of the consent forms

geturned, the study sample was selected.
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8ample Critezion:
Dyslexic Subjects

Age - 12 to 16

IQ - Pull Scale above 90

Block Design - 7 or above

Reading - Myklebust Quotient Below 85

Attention - Hyperactivity Index below 1.5

Laterality - Right Handed, 7 out of 11 on the RNESS

History - No relevant medical, neurological or

psychiatric history with ample social and
educational opportunity.

Visual Acuity - Mo uncoxrected visual acuity deficits
(through school and parent report).

Spatial Pexception and Memory - Benton Judgement of
Line Orientation score within 1 8D of normal
and Benton Spatial Memory score average or
above.

No adopted children.

v Oldex Normal Reading Subjects

Age - 12 to 16

IQ - Cognitive Ability Test above 95 on verbal &
nonverbal subtests

Block D.sgqn - 7 ox above

Reading - Myklebust Quotient above 95
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Attention - Hyperactivity Index below 1.5
Latezality - Right Handed, 7 out of 11 items on the
RNESS
NHistozy - No relevant medical, neurological ox
psychiatric history with ample soclal and
educational opportunity.
Visual Acuity - No uncorrected visual acuity deficits.
Spatial Pexception and Memory - Benton Judgement of
Line Orientation score within 1 8D of
normal and Benton Spatial Memory average
range or above.

No adopted children.

Younger Normal Reading Subjects

Age - 7 to 8

1Q - VISC-R, Vocabulaxy 10 or above

Block Design - 7 or above

Readimg - Myklebust Quotient above 95

Attention - Nyperactivity Index below 1.5

Laterality - Right Handed, 7 out of 11 items on the
RNESS

History - No relevant medical, neurologicsl ox
psychiatric history with ample social and
educational opportunity.

Visual Acuity - dNo uncorrected visual acuity deficits.
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Spatial Perception and Memory - Benton Judgement of
Line Orientation within 1 8D of Normal and
Benton Spatial Memory score average or
above.

s adopted children.

Exclusion criteria for all three subject groups are
listed above. In addition, children with a history of
neurological impairment, such as head trauma, seizure
activity, etc., psychiatric illness, use of
psychotropic medication, medical 1{illness which limits
motor coordination, lack of educational opportunity or
uncorrected visual acuity deficits were excluded.
Megquate visuval-spatial perxception was determined by
scores within 1 standarxd deviation on the Judgement of
Line Orientation Test while adeguate spatial memory vas
established by average or above scores on Benton
Spatial Memory Test. Poor vs. normal reading ability
wvas established using the Myklebust gquotient ([((2 x
reading age)/mental age plus chronological age)) using
the reading age from the Piat WVord Recognition Test.
Children whose Myklebust quotients were below 85 are
considered to be poor readers vwvhile normal eaders

achieve scores greater than 95.
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Poxr the purposes of this study, dyslexics are
detined as boys who have adeguate educational
opportunity with no known neurological, intellectual,
psychiatrxic ox perceptual disorders, yet demonstrate a
significant deficit in their abllity to identify words
wvhen compared to age and IQ- matched contzxol subjects.
This definition is taken from the World Pederation of
Neurology (Federal Register, 1976).

Screening Battery and Ancillary Battery:

The following tests were used for sampile selection

and descriptive characteristics of the sample:

Intelligence: Dyslexics - WISC-R

Older Normal Controls - Cognitive Abllities Test,
WISC-R Vocabulary and Block Design

Younger Normal Controls - Cognitive Abilities Test,
W18C-R Vocabulary and Block Design.

Reading: Plat Word Recognition, Piat Reading
Comprehension, Woodcock/Johnson Woxd Attack, MNyklebust

Quotient.

Motor: Revised MNeurological Examination of Subtle 8igns
(RNESS), Purdue Pegboard.

Graphomotor: Beery, Maze Speed, Pencil Excursion.
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Attention: Conners Parent Ratings, Conners Teacher

Ratings.

Language: Rapid Automatized Naming Test, Boston Naming

Test, Token Test.

spatial: Benton Spatial Memory, Benton Judgement of
Line Ozrientation Test.

History: Parents were asked to complete a Questionnaire
on their child's medical, neurological and psychiatric

history (see Appendix C for test forms).

Appaxatus

A standard Apple 1le computer was used to collect
the experimental data. Por BEBxperiment I, a Kraft
829-001 joystick controls the movement of the cursor in
the unimanual condition to obtain separate mesasures of
skill for the zight and left hand. For Experiment 1I1,
the computer was controlled by two, three-turn
potentiometers, which axe 3/4 inch {in diamster and
provide the apparatus for moving the cursor in the
bimanual condition, zreguizing the use of both hands. An
electrical svitch device allows for alternating between
the twvo apparatuses. Por bDimanual testing, turning of
the left potentiometer regulates vertical movements of

the cursor while turning of the zight potentiometer
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regulates horizontal movements of the cursor.
Conseguently, simultaneous movement of the two knobs
allowed the subject to also steer the cursor through
diagonal pathways displayed on the screen. A computer
program, capable of sampling movement of the cursor 60
times per second, tracks and zecords the cursor's
movement. Designing and bullding the equipment, writing
the computer program and conducting
validity/reliability studies to regulate 1) the timing
and accuzacy of the stimuli presentation 2) precision
in zecording and storing of responses were completed
over a two year period in conjunction with the Graduate
Computer Science Department of the City University of

New York.

Stimuli

Visual stimuli{ aze the same for Experiment I and
Bxperiment II. Testing consists of tracing a series of
single pathways which are randomly presented by the
computer program. In each experiment the subject {is
presented with the same 12 angles (Pigure 1). Three of
the 12 angles are traced starting in each of the four
spatial quadrants. The orientation of these pathways
vas selected in order to reguizre a ratio of left to
right hand movements of 2:1, 1:1, 1:2 wvhen performed in

the bimanual condition as subjects are turning the



potentiometers. Thus, all possible combinations of
clockwise and countexclockwise hand movements are
tested.

In Bxperiment 111, tracing of one of the four 1:1
ratio angles will be randomly selected to be traced as
a practice trial. The practice trial contains a guiding
line at the center of the path (Guided Condition) and
is used to train the subjects in the use of the
equipment (Pigure 2). Then the 12 paths are presented
in the unguided condition of visual feedback, which
consists of the same pathways without the guiding line
identifying the exact center of the pathway. PFinally,
tracing of the angles is repeated with decreasing
visual feedback (Memory Condition). The no visual
feedback condition is also without the guiding center
line and after completing 1/2 of tracing the path, the
cursor automatically disappears, requiring the subject

to trace the pathway totally from memory.

Rxocedurs

Subjects were tested individually in a gquiet,
clossd room in their schools. In all cases, no other
person was present during testing. They were seated at
the computer in a chair which s adjusted for height
and viewing of the computer screen. The contzol

equipment was beneath a covering which prevented
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subjects from viewing their hands and limited visual
feedback to movement of the cursor on the computer
screen.

All subjects were given the following instructions
in both EBxperiment I and Experiment II. "The object of
the task is for you to move the cursor from one end of
the pathway to the other staying as close to the center
of the pathway as you can. It is important to go as
quickly as you can, but it is more important to stay as
close to the center of the pathway as you can."

Trials from Experiment [ and Experiment II were
alternated in order to provide diversity in the tasks
and to maintain the highest possible level of
attention, interest and motivation. Testing was begun
with the execution of the practice trial wvhich was
followed by tracing the 12 angles in the bimanual,
unguided condition. Subjects were then asked to trace
the same unguided angles by using one hand with the
joystick. All subjects were required to manipulate the
joystick with a pencil-like grip using the thumb and
first twvo fingers. Subjects were alternated in texrms of
vhich hand was tested first in Experiment I in order to
counterbalance any advantages that might accrue from
primacy of usage.

Aftexr completing the unimanual testing, the
subjects x;tuznod to using both hands to complete the
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memory condition. All subjects were given the following
instructions: "You are now going to txace the same
angles which you completed earlier but this time
something different is going to happen. When the cursor
reaches the halfwvay point (demonstrated by identifying
the spot on the screen), it will disappear. Vhen |{t
does, I want you to stop until 1 dim the screen
(demonstrated) and then continue turning the knobs to
finish tracing the pathway from memory."

Vhen the subjects stop at the aldpoint, the
examiner lowered the brightness of the screen so all
visual stimuli disappeared. This precaution was taken
to avold having the subjects obtalin any further visual
feedback. A source of feedback is possible since
individual pixels which outline the pathway on the
screen disappear vhen the cursor crosses over them.
Consequently, if the cursor were to go out of the
pathway, a pixel would disappear at that point,
fdentifying the location of the unseen cursor. Subjects
were instructed to begin tracing again as soon as the
screen was dark. The entire experimental task took

approximately 50 minutes.
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CHAPTER 1V
RESULTS

The purposes of this study were to 1) Demonstrate
the wvalidity of a computerized task capable of
assessing unimanual and bimanual £fine motor and
visuospatial skills 2) Examine the development of
unimanual and bimanual motor skills by comparing the
performance of normal children fxom 7 to 8 yrs of age
and 12 to 16 yrs of age 3) Examine the development of
unimanual and bimanual motor skills of dyslexic
children and compare their abilities with age matched

and younger normal readers.

This chapter presents the results of statistical
analyses conducted to satisfy the above purposes. A
geneczal discussion of the results and their

implications is found in Chapter V.

Chapter IV is organized {nto the following

sections:

A. Mathod for Scoring Raw Data: Creation of
Bxperimental Neasures

B. Total Experimental Data

C. Sequence of Data Analysis

D. Group Differences on Screening Battery and Ancillary
Battery
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B. Reliability/validity Studies of Sxperimental
Measures

P. Normal Developmental Bffect for BExperiment I -
Unimanual Motor 8kill

G. Normal Developmental BEffect for Experiment II -
Bimanual Motor 8kill

H. Mormal and Dyslexic Performance in Experiment I
Unimanual Motor 8kills

I. Normal and Dyslexic Performance in Experiment II -
Bimanual Motor 8kills

J. Normal and Dyslexic Performance on Acquisition of

Angular Velocity.

Method fox Scoring Raw Data:
Creation of Expsrimental Msasuras

Bxperimental data for each subject was stored on
an individual floppy disk. The original data consisted
of recording a sampling of the movement of the cursor
on the screen 60 times every second and saving those
locations on the 4isk. Computer programs were written
in order to reproduce on the screen the original 1line
produced by the subject and in ozxdexr to quantitatively
score the tracing according to accuracy and time.
Scoring of the tracing begins at the entry of the
pathway and ends upon exiting the pathway. If the
cursor goes outside the pathway prior to the end point,
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scoring is completed when the cursor passes beyond the
pezrimeter of the cirxcle formed by connecting the
outermost points of each of the 12 angles (see Pigure
1). In the interest of obtaining the most accurate
measure of time and in order to correct for the
variability among subjects, the program subtracts the
amount of time for pausing at the midpoint on each of
the 12 memory condition trials from the total time for
the trial. Similarly, since the subjects only have
visual feedback during the last half of each trial |in
<the memory condition, scores are generated -.for the
fixst and last half of each trial separately as well as

8 score for the total of each trial.

The following experimental measures are calculated for

sach of the individual trials:

1. DEVIATION 8SUM (DS) - The amount, in pixels and
direction of deviation in accuracy of the plotted 1line
compared to the target line computed relative to point
0.0 (upper left guadrant).

2. AVERAGE ABSOLUTE DBRVIATION (AAD) - The amount of
deviation in accuracy of the plotted line compared to
the target line without regard for the sign. This s
the absolute of the overall deviation in Dboth

dizrections - a measure of accuracy.
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3. PATH LENGTH (PL) - Total path length in pixels/
total path 1length of tarxget 1line (180 pixels) - a

measure of accuracy.

4. TINE - Number of data points sampled in the trial -

represents real time to complete the trial.
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Total Exparimental Data
Bxperiment I Trials
Unimanual, Left Hand 12
Unimanual, Right Hand 12
Experiment 1
Bimanual, Practice Trial 1
Bimanual, Unguided Condition 12
Bimanual, Memory Condition 12
Total Number of Trials per Subject 49
Total MNumber of Subjects 56
Total Number of Trials 2744

Ssquence of Data Analysis

Data collected in both the screening and ancillary
batteries of tests and on the experimental tasks were
analyzed using the Statistical Package for the Soclial
Sciences. All experimental data collected and scored on
the Apple Ile using Basic language were converted for
IBM compatibility using the computer program Quad Link
and then entered into the CUNY mainframe. This
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additional manipulation of the data was necessary |in
order to make it compatible with SPSS analysis.

In order to establish the reliability of the
measures, Chronbach Alpha's were computed for each
experimental measure. Simllarly, Pearson-R correlations
were used to determine vwvhether the exper imental
measures of accuracy (absolute deviation and path
length) are independent of each other for each of the
groups. Pearson-R correlations were also used to
determine vhether time and accuracy are independent
functions J£or each of the groups.

The statistical analysis used to test predictions
primarily uses the Students t Test to test each of the
hypotheses previously discussed. Since the two control
groups of normal readers differ so greatly in age,
skill acquisition and cognitive functioning, they were
compared to the dyslexic group and to each other using
separate t Tests to examine each of the hypotheses. Por
each experiment, group contrasts were made to test the
within-group hypothesis for dyslexics and normal
zeaders as well as between-group contrasts for all
three groups. Although it might appear that this is a
three-group design necessitating Analysis of Variance
to test all hypotheses, in actuality there is a single
experimental group and two control groups - one matched

for age and the other for zeading 1level, and
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necessarily younger. In addition, the two control
groups are compared separately to establish the effects
of age on this task. None-the-less, to protect against
the risks of multiple t tests, all contrasts among the
thzee groups will be rxeported in terms of critical
values subjected to Dunn's Procedure, commonly referred

to as Bonferroni Corrections.

Group Differsances
on_fScresning Battexy and Ancillaxy Battery

All subjects were tested on the Screening Battery
and the Ancillary Battery for purposes of establishing
that subjects met sample criterion for the study and to
obtain descriptive characteristics of the subjects'
cognitive ;bllltlil.

Table 1 contains the Means and Standazd
Deviations for the dyslexic group and age-matched
readers, with ¢t values and probabilities wvhen the
groups are compared to esach other. Reading tests which
discriminate dyslexics and normal readers (Piat Word
Recognition, Plat Comprehension, Woodcock Johnson Word
Attack, Myklebust Quotient) as well as scores on
VISC-R, Vocabulary, creflect a significant difference
between the age matched groups. In contrast, there was

no d&efference between the age-matched groups on
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perceptual, spatial, constructional skills required forx
Judgement of Line Orientation, WISC-R Block Design and
Benton @patial Memory. Surprisingly, on measures of
laterality, the two groups differ significantly on hand
measures. Although all subjects met the criteria of 17
out of 11 right handed {items on the Revised
Neurological Examination of 8oft 8igns, the dyslexic
group proved to be significantly more aextreme 1in
lateralization. All subjects met criteria for the study
and none exhibited indicators of ADD-H by either parent
or teacher report on the Conners Rating Scale.

Table 2 reflects the similarities and differences
between dyslexics and younger readers. On the screening
battery of tests, the groups strongly differ on WISC-R
Vocabulary and Block Design with younger readers
scoring higher than dyslexics. This d4ifference may
reflect a sample bias in the selection of the younger
readers. Parental consent is a strong factor in
obtaining research participation and wvas wmore difficult
to obtain with the younger subjects, given the amount
of time required from subjects.

On reading scores the younger readers met criteria
for the Myklebust Quotient, scoring significantly
higher than dyslexics. Similarly, younger readers
scored higher than dyslexics on decoding of nonsense

syllables. However, on individual zeading tests, thexe
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was no difference between the groups on word
recognition (they were matched on this variable),
reflecting the dyslexics reading lag. Dyslexics were
significantly better on readiag comprehension despite
poor decoding. All subjects met crition for laterality
but the dyslexic group was moxe strongly right handed
than the younger readers.

Table 3 compares performance of older readers and
younger readers on screening battery tests reflecting
the similarities between the reading groups on the
Myklebust Quotient, Hyperactivity Index and Laterality
Measure.

The age in months of the three groups is presented
in Table 4, while Table 5 gives the comparison of the
age-matched dyslexic and normal readerxs in the age
groupings used for statistical comparisons in the data
analysis on age effects. There is no age difference
between these groups.

Table 6 contains comparisons of dyslexic and
age-matched readers on the ancillary battery of tests
vhich assess naming ability and syntax, motor function,
constructional skills, spatial memory and freguency of
using video games. Likewise, Table 7 compares dyslexic
and younger readers on the same measures while Table 8
compares older and younger readers. There wvas no

difference between the age matched groups on visual and
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spatial tasks. 8Similarly, all groups scored below
cxiterion for inclusion in the sample on the Conners
Hyperactivity Index. Prom the subject's report there is
no evidemme of greater practice fox eye-hand
coordination skill from use of video games in any of

the groups.

Reliability/Validity Studies of Expeximental MeasSuras

In order to create robust oitl-ntox- of the
subjects performance, averages over all 12 angles under
each condition were taken. Reliability was addressed by
computing a Cronbach Alpha for each angle separately
and then taking the mean of all 12 coefficients for
each measure. Reliability checks using Cxonbach's Alpha
on the commonality of the 12 angles revealed Alphas
zanging fxom .79 to .98 as seen in Table 9.

In order to address the validity of the accuracy
measures used to assess the subjects' performance,
Pearson-R correlations were obtained €for the twvo
mesasures of accuracy, Average Absolute Deviation and
Path Length, to detezmine the degree of independence of
these measures. Table 10 1lists the Pearsons-R
correlations and Probabilities for Average Absolute
Deviation and Path Length for all three groups under
both unllfnual and bimanual conditions. The two

measures of accuracy are positively corzelated for all




81

gtoups under all conditions except £for the older
zeaders in the memory condition. Conseguently, they
both are considered measures of accuxacy for the
purposes of this study.

To further establish the construct validity of the
experimental measures, Pearson-R correlations vere
obtained between relevant standardized measures and the
experimental measures. Table 11 lists the correlations
between accuzacy and time and the standardized measures
of motor function, visuospatial anc. graphomotor skills.
The language tests which so strongly differentiate the
groups do not correlate with the experimental measures.

In oxder to address the rxelationship between time
and accuracy in the performance of the subjects,
Pearsons-R correlations were obtained to determine
wvhether accuracy and time are independent of each other
or correlated measuzres. Table 12 lists the Pearsons-R
correlations and Probabilities for Average Absolute
Deviation and Time for all three groups under both
unimanual and bimanual conditions. Similarly, Table 12
lists the Pearsons-R Correlations and probabilities for
Path Length and Time. The Pearson-R correlations for
the two measures indicate that time and both measures
of accuracy are positively correlated measures for the
age-matched normal readers after tracing 12 trials of

angles in the unimanual and bimanual conditions and
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under each of the visual feedback conditions. HNowever,
for the dyslexics and younger <readers, time and
accuracy are positively correlated in the unimanual
condition and in the bimanual condition vhen no visual
feedback s avallable. Vhen visual feedback is
available, therxe 1is no correlation between time and
accuracy for dyslexics and children. In other words,
time and accuracy function differently in the age-
matched normal reading group than the dyslexic group.
In addition, the pattern of correlations for dyslexics
is similar to the pattern of correlations of the
younger readers in the unguided condition vhere the use
of interhemispheric collaboration and visual feedback
is engaged.

Concern about practice effects, particularly in
leazning the bimanual coordination task was addressed
in two ways. Presentation of all angles under all
conditions was zandomly assigned. 8Similarly, half of
the sample first engaged the use of the right hand on
unimanual testing and half of the sample first engaged
the left hand. The Question of whethex the order of
right and left affected performance was addressed with
a comparison of subjects, within each group, who
started with zight and left hands and no significant

differences in accuracy or time were found.
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RESULTS OF EXPERIMENTAL ASSESSMEMT METHOD
FOR UNIMANUAL (BXPERIMENT I)
AND
BIMANUAL (BXPERIMENT II)
FINE MOTOR SKILLS

Hypotheses addressing questions zaised in the
literature and defined by the thesis of this study will
be addressed herxe in rxelation to Experimsnt ) §
evaluating the independent right and left hand tino
motor skills of the subjects (unimanual skills) and the
abllity to coordinate the £fine motor skills of both
hands simultaneously (bimanual skills) in Bxperiment
I1. Within each experiment, data analysis vill address
comparison of the subject differences within each of
the three groups and the differences bDetween the
gzroups. Performance of the normal reading groups on the
experimantal assessment method will be presented (first
with data compazing performance of the dyslexic and

normal readers following.

Moxmal Davelopmental Rffect for Rxpsximent I
Unimanual Motor Skill

Hypotheses predicting performance on execution of

unimanual, fine wmotor skills of normal readers are



based on the influence of lateralization (zight and
left differences) and ages.

Vithin-Group Contrasts

Hl: Since all subjects are right handed, it is
predicted that both groups will perform significantly
bettexr in accuracy with the use of the right hand when
compared to the left hand.

The hypothesis is partially supported: When
performance of the right and left hands of the normal
zeading subjects was compared, older <zxeaders were
significantly more accurate using their zight hand
(AAD: t=3.71, 4f=18, p.<.01) but showed no rxight/left
difference Iin rate of performance (Table 12). In
contrast, younger normal readers showed neither a rxight
hand superiority in accuracy or rate of performance.
This suggests that despite a rxight hand preference in
all subjects, 7 and 8§ year o0ld subjects have not yet
developed a greater precision in fine motor skills of

the preferrxed hand.
Batween-Group Contrasts

n2: Since fine motor skills have been found to
improve with age (Gardner, 1979), it is predicted that
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an lmprovement in accuracy vhen using the right or left

hand will be seen with age among the normal reading

groups.

The hypothesis is partially supported: Vhen older and
younger normal readers were compared on right hand
pexrformance, older readers were significantly more
accurate (AAD: t=3.00, df=3]1, p.<.05) as well as
significantly faster (t=3.11, daf= 31, p.<.05) in
performance (Table 13). There was no difference 'ln
left hand accuracy, however, younger readers were

significantly faster (t= 3.47, 4f=31, p. <.01).

Mozmal Developmantal Rffect for Expariment II1
Rimanual Motoxr Skill

Hypotheses predicting performance on acqQuisition
of bimanual motor skills are based on the results from
similar studies by Pagard (1985) and Jeeves (1988).
Hypotheses concerning acquisition of skill influenced
by age, availability of visual feedback, and complexity
of task in symmetrical and asymmetrical hand wmovements

are tested.

Within-Group Contrasts



H3: Vithin each reading group it is expected that
accuracy will be better in the unguided, visual
feedback condition than the memory, no visual feedback

condition.

The hypothesis is supported: Vhen performance on the
unguided condition is compared to the memory condition,
both groups perform more accurately with visual
feedback (AAD: Younger readers: t-3.36, df=13, p.<.01;
Older readers: t=5.60, 4£=18, p.< .001) (Table 14) and

demonstrate no difference in rate of performance.
Between-Group Contrasts
Unguided and Memory Condition

H4: Because of the need forx intexhemispheric
collaboration in the bimanual task (Pagard, 1985) it is
expected that the older reading group will perform more
accurately than the younger reading group on the
unguided, visual feedback condition and the memory, no

visual feedback condition.

The hypothesis is partially supported: Readers 12 ¢to
15 yxs of age are significantly more accurate than
zeaders 7 to 08 yrs of age (AAD: t=3.75, d4af=14.78,
p:<.01) and readers 15 to 16 yrs of age are
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significantly more accurate (AMD: t=3.49, daf=17,
P-€.01) and faster (t=2.28, 4£=17,p.<.0%5) than readers
12 to 15 yxs of age (Table 15) In the visual feedback
condition.

Comparison of older and younger readers on the
memory, no visual feedback condition does not support
the hypothesis. Readers 7-8 years of age do not perform
significantly different from older readers.

Noxmal and Dyslexic Pexformance An Rxpariment 1
Unimanual Motox Skill

Within-GOzoup Contrasts

HS: 8ince all subjects are xight handed, it s
predicted that dyslexic subjects will perform
significantly better in accuracy with the use of the
right hand wvhen compared to the left hand.

The hypothesis is supported: Vhen performance of the
zight and left hands of the dyslexic subjects was
compared, dyslexics were significantly better using
their right hand in both accuracy (AAD: t=3.63, d4f=22,
P.<.001; Path Length: t= 5.67, 4£=22, p.<.000) and rate
of performance (t=4.98. d4£=22, p.<.000) (Table 16).




Betwaen-Group Contrasts

M6 There will be no difference between the
dyslexic and age matched normal readers on the

pexformance of the right and left hands separately.

The hypothesis 1is not supported: In their left hand
performance, dyslexics are significantly more accurate
(Path Length: t= 4.22, d4f= 40, p.<.0l) and faster
(t=4.35, 4£=40, p.<.01) than age matched readers (Table
17). |

The right hand performance of dyslexics is also
significantly more accurate (ADD: t=4.47, dt=40.
p.<.01; Path Length: t= 5,12, d4f=40, p.<.001) and
faster (t=4.62, dAaf=40. p.<.001) than age-matched
readers (Table 18).

H7: The dyslexics and age-matched readers will
perform more accurately with their right and left hands
than the children.

The hypothesis is supported: On right hand performance,
dyslexics are significantly more accurate (AAD: t=
$5.76, Aaf=35, p.<.001; Path Length: t=2.42, d4af=35,
P-<.05) but are no faster than the Yyounger readers
(Table 19). On left hand performance, dyslexics are no

more accurate or faster than younger readers.



Withi-Group Contrasts

HS8: Vithin the dyslexic group, it is expected that
accuracy will be better in the unguided, visual
feedback condition than the memoxry condition.

The hypothesis is supported: Dyslexics ‘are
significantly more accurate (AAD: t=6.40, daf=22,
p.<.000) and taster (t=7.28, d4f=22, p.<.000) when
visual feedback is available (Table 20).

H9: Vithin the dyslexic and younger reading groups it
is expected that some subjects will lose the correct
direction of hand wovement when visual feedback 1is
zemoved (Gladstone, 1985).

The hypothesis is supported: Reversal of the direction
of hand movement occured 4in both the dyslexic and
younger reading groups. Vhen the frequency of reversals
in the dyslexic group was compared to the younger
reading group, the younger readers had significantly

more reversals (Table 21).

H10: It 4is expected that loss of direction of hand

movemsnt among dyslexic and younger readers will be



attributable to bidizectional wmovement of the left
hand.

The hypothesis is partially supported: When the
proportion of the reversals made by the left hand of
dyslexic and younger subjects is examined (Table 22),
it is the xight hand which is primarily responsible for
loss of direction without visual feedback. Nowever, on
trials requiring the hands to wmove |in opposite
directions (bidirectional) or the same dirxection
(unidizectional) (Table 23), both groups have
significantly more Teversals in bidizectional

quadrants.

Between-Group Contrasts

Because of the need for interhemispheric
collaboration in the bimanual task (Pagaxd, 1985) and
the evidence for difticulty in bimanual tasks in
dyslexics (Klicpera, 1981), it is expected that:

Hll1: The age-matched reading group will perfora
more accurately than the dyslexic group on the unguided

visual feedback condition and memory condition.
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The hypothesis is not supported: There {is no
difference in accuracy of the dyslexic and age-matched
zeading groups. MNowever, on the visual feedback
condition, dyslexics are significantly faster (t=4.70,
df=40, p.<.001) while they maintain equal accuracy
(Table 24). Thezxe s no discriminating difference in
accuracy or time between dyslexic and older readers on

the memory condition.

H12: There will be no difference between the
performance of the dyslexics and the younger readers on
the unguided visual feedback condition and the memory,

no visual feedback condition.

The hypothesis is not supported: Dyslexics are
significantly more accurate (AAD: t= 3.73, 4f=3S5,
p.-<.01; PL: t=3.85, d4af=35, p.<.01) and faster (Time:
t=q4.96, 4£=35, p.<.001) than the younger readers on the
unguided, visual feedback condition (Table 25).
Similarly, on the msmory, no visual feedback condition,
dyslexics are significantly more accurate (P.L.:
t=2.09, 4£=35, p.<.05) but no faster than the younger

zeaders.
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Mormal and Dyslaxic Performance
on Acguisition of Angulax ValoGity

Research examining acquisition of bimanual wmotor
skills has primarily focused on learning over crepeated
trials of practice (Preilowski, 1972; Pagard, 1985,
Jeeves, 1988). Reports of performance affected by
variation in the ratio of hand movement zequired to
tzace a particular angle are based on skills achieved
after multiple practice sessions. Consequently, it was
not possible to generate hypotheses for performance of
these groups based upon the single trial performed for
this study. Data addressing the acquisition of "angulax
velocity® will therefore be used as a basis for
hypothesis gensrxation.

Analysis of the data to examine group performance
for bilateral coactivation of hand movement, and thus
collaboration of the two hemispheres is presented by
examining twvo {issues: 1) the tendency toward
adynamic coupling of the limbs in esach group 2) amount
of variation in accuracy and speed according to ratio
of hand movement for each group.

' In an attempt to examine the data for acquisition
of precision in angulaz velocity and a tendency toward

enintended ‘coactivation or dynamic coupling of the
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limbs, the mesasure Directional Deviation Sum was used
since it indicates by its ¢ or - sign the dizection of
exror (Pigure 9). 1In other words, when the subjects’
tzracing of the pathway midline deviates primarily in
one direction, the direction of that deviation |is
identified by the ¢+ or - sign of the accuracy score.

Pagard (1985) observed that the direction of
errors demonstrated a tendency to drift from the angles
requiring asymmetrical ratio of hand movement (1:2 or
2:1 ratio) toward a symmetrical ratio of hand -ovo-;nt
(1:1). He argues that this represented dynamic coupling
or unintended coactivation of the limbs.

Table 26 shows in the first column the %drift
sign” or sign of the measure Directional Deviation 8Sum
vhen performance is drifting toward 1:1 ratio of hand
movemsnt on the asymmetrical angles wvhen visual
feedback is available. WVhen the direction of error of
the older zeading group is compared to drift sign, it
is apparent that this group consistently errs in the
dizection of symmetrical movement. Although not as
consistently, the dyslexic group also shows a tendency
towvard erring in the direction of symmetrical movement
(Table 27). In contrast, the younger reading g¢group
shows no consistent pattern in direction of errors

(Table 28). WVhen visual feedback is zemoved, all
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groups consistently erxr in the direction of symmetrical
movemsent (Table 29,30,31).

The second issue of variation in accuracy due to
differences in ratio of hand movement is addressed by
the question: Can a difference in level of difficulty
between angles requiring symmetrical (1:1 ratio of hand
movement) and asymmetrical movement (2:1 or 1:2 zxatilo
of hand movement) be demonstrated, an§ if so, is there
any difference between groups? Pollowing the xeasoning
of Preilowski (1972), Fagard (1985) and Jeeves (1988),
greater precision in interhemispheric collabozation
(shielding and sharing of information) should be
necessary on the asymmetrical (1:2 and 2:1 zatio)
angles and should result in less precise performance.

On the ¢tirst 12 angles traced with visual
feedback, the performance of the older reading group on
1:1 zatio angles is compared to 1:2 and 2:1 angles
(Table 32). Older <readers are significantly less
accurate and execute the task significantly moxe slowly
on the 1:2 zatio angles. In contrast, there is a very
slight difference in accuracy between 1:1 and 2:1 zatio
and no difference in zate of performance.

Similarly, the dyslexic group performance
demonstrates greatest difficulty on 1:2 zatio angles
(Table 33) in both accuracy and speed vhen compared to
1:1 zatio angles, but no difference between 1:1 and 2:1
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ratio angles. The younger normal readers demonstrate
the same pattern of gesults (Table 34) with a
significant difference in both accuracy and speed when
comparing 1:1 and 1:2 zxatio angles. There was no
difference between 1:1 and 2:1 zatio angles.

Vhen the same 12 angles are repeated without
visual feedback (Table 35), the older <zeading group
again performs most poorly in both accuracy and speed
on angles requiring 1:2 ratio of hand movement compared
to 1:1 and 2:1 xatio angles. In contrast, the dyslexic
group has greater difficulty on all asymmetrical angles
(1:2 and 2:1 ratio) without visual feedback (Table 36).
Por the younger reading group, when visual feedback wvas
removed, there was no difference in performance based

on ratio of hand movement.



Chapter V

DISCUSSION

The findings will be discussed in the £ollowing
oxdex: 1) General discussion of the problem addressed
in the study, design and results of the experiment 2)
Discussion of the specific hypotheses 3) Discussion of
the implications and limitations of the (£findings 3)
Applications of basic research to educational practice

4) Direction for future zesearch.

Gsnexal Discussion

Assessment of the development of motor skill in
dyslexic childxen has been an aspect of extensive
zesearch. Historically, this is one of many attempts to
define a neurological basis for reading failure. Many
motor abnormalities or neurological soft signs such as
choreiform movements, synkinesis, slov-xate of
movement, mirror wmovements and dyspraxia have been
examined and found prevalent in learning disabled and
hyperactive populations. However, such soft signs have

not been found to be specific to dyslexia or obsexved
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in dyslexic populations screened for other
abnormalities.

One neurologically-based explanation for
developmental reading failuze is a deficit in
intexhemisphexic intexaction (Best, 1985; Kinsbourne,
1988) which may be attributed to either delayed
maturation of the corpus callosum or the underlying
neural systems which tzansmit information between the
hemisphexres through the corpus callosuam. Vhatever the
etliology, faulty hemispheric integration or cooperation
has been 1identified as a possible risk factor or
correlate of developmental reading failure (Neff, 1986)
and is a function accessible to examination through
unimanual and bimanual motor tasks. These motor skills
have been examined in a number of different paradigms
and populations, most notably in split-dbrain samples.
The approach used in this study involved the comparison
of performance on unimanual and bimanual motor tasks, a
pazadiga that has been successfully employed by
Gladstone (1985) in a dyslexic population and by
Preilowski (1972) in a split-brain sample.

In an attempt to address the need for assessment
of visuomotor, unimanual and bimanual skill engaging
fine motor function, a computerized system similar ¢to
curzently popular videogames wvas developed. This

perceptuomotor assessment method provide msasures of



both speed and accuracy of fine motor movement in
manipulating a joystick or two potentiometezrs in orxder
to guide the cursor on the computer monitor by tracing
a series of 12 angles.

The present study consists of two experiments
conducted to examine the unimanual and bimanual wmotor
skills of dyslexic childzen and to compare their
performance with age (12 to 16 years of age) and
I0-matched normal readers as well as chronologically
younger normal readers (7 to 0 years of age) wvho were
matched with the dyslexics' zeading level. Groups were
of comparable intellectual and SES levels. All subjects
were right handed. They were 1likewise screened for
other neurologically based deficits including Attention
Deficit Disorder, perceptual-spatial impairment and for
psychiatric disturbance. All subjects have had ample
social and educational opportunities. In addition, they
were tested for language, graphomotor and fine motor
function on standardized tests and assessed for
frequency of prior use of video games in oxder to rule
out a practice effect from these results.

Reliability of the assessment measures was
statistically contizrmed. Preliminazry evidence for
concurrent validity of the experimental msasures was
likevise oqtablllhcd. The zelationship between tims and

accuracy wvas tested for each group to determine whether



these were independent or related measures. Accuracy
and time were found to be positively corxelated
measuzes for the older reading group in both the
unimanual and bimanual conditions. In addition, the
dyslexic and younger readers only showed a similar
positive correlation between time and accuzacy in the
unimanual condition and in the bimanual condition when
no visual feedback was available. Vhen visual feedback
was available, there was no significant correlation
betwmen these measures for the dyslexics and younéc:
readers.

Bxperiment I measured accuracy and speed of
unimanual fine wmotor skill on the computerised
visuomotor tracking task where the right and left hands
independently manipulated a Jjoystick in order to trace
a pathway on the computer monitor. It was expected that
all groups would perform better with the zight hand
than the 1left hand and that improvement would be
obsexrved with increasing age.

Bxperiment II measured accuracy and speed of
bimanual fine motor skill on the same computeriszed
visuomotor tracking task. The left and zight hands,
gespectively, controlled the vertical and horisontal
movement of the cursor on the screen while tracing the
sans series of pathways. Bxperiment II further examined

the use of visual feedback in the execution of the
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tracking task by assessing performance on the same
trials wvhen visual feedback was zremoved. It was
expected that the interhemispheric collaborxation skill
necessary to perform this task would demonstrate a
difference between dyslexic and age-matched readers
with the dyslexic subjects performing similazxly to the
younger readers.

1t wvas further expected that dyslexic and younger
readers would have greater difficulty maintaining the
movement timing, direction and appropriate inhibition
of one hand in relation to the other to produce a
tracing of the desired angle vhen unable to wmonitor
their movements vwith visuval feedback. The greatest
difficulty in these skills wvas expected to occur in the
performance of the left hand and under conditions where
the two hands were moving in opposite (clockwise and
counterclockwise) rather than the same (both clockvwise
or counterclockwise) direction.

Bxperimental results were analyzed for both within
and between group comparisons. In Experiment I, older
readers and dyslexics demonstrated better unimanual
performance with the right hand than the left hand.
Younger readers demonstrated no differsnce between
right and left hand performance. Dyslexics were found
to be significantly faster and wmore accurate than
age-matched readers with both the right and left hands.
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Both older groups were found to excel beyond the
performance of the younger readers.

In Bxperiment II on bimanual motor coordination,
all subjects performed better with visual feedback
available than they did when feedback was removed. With
visual feedback, older readers were more accurate than
wounger readers and contrary to expectation, dyslexics
were comparably accurate while !aute:_than age-matched
readers. When visual feedback was removed, dyslexics
314 not demonstrate the expected deficit, but rather
lost the superior performance demonstrated on both the
unimanual and bimanual tasks with visual feedback,
performing equally in both accuracy and speed to the
age-matched zeaders and significantly better than the
younger readers.

However, when the guality of errors observed on
the bimanual, memory condition wvas analyzed, dyslexics
and younger =zeaders demonstrated similar patterns of
immaturity in their execution of the task which were
never observed in the older reading group. Vhen visual
feedback was removed, both dyslexic and younger reading
subjects lost the direction of the movement of one orx
both hands, completely reversing the direction of the
tracing. Qualitative inspection of the errors showed
that the greater proportion of reversals was not

executed by the left hand, but was primarily a function
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of the right hand for the dyslexic subjects and was
equally distributed between the zight and left hands
for the younger readers. Vhen frequency of occurrence
of reversals in unidirectional and Dbidirectional
quadrants was examined, both groups had significantly
more rxeversals in the bidirectional guadrants.

On examination of the subjects' mastery of angular
velocity, two issues for analysis were formulated.
Pizrst, the direction of drift or direction of deviation
fxrom the desired angle was examined for each group.
Second, a comparison of performance was made on angles
requizring the hands to move in unison (1:1 ratio of
hand movement) to angles requiring asymmetrical
movement (1:2 or 2:1 ratio of hand movement).

Vhen direction of drift was analyszed for each of
the three groups, the older readers consistently erred
in the direction of 1:1 ratio of hand movement on all
angles under both the visual feedback and memory
conditions, suggesting a natural tendency toward
dynamic coupling of the two hands in the initial phase
of acquisition of bimanual motor coordination. In
conicast, when visual feedback was avalilable, the
younger readers demonstrated nn consistent pattern of
performance, erring egually in the direction of
symmetrical movement of the hands and in the opposite

direction. However, when younger readers executed the
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task without visual feedback, their performance wvas
similar to the older readers, erring most consistently
in the direction of 1:1 rxatio of hand wmovement.
Dyslexic group performance was similar to, but not as
consistent as that of the older readers'. Dyslexics
most frequently erred in the direction of symmetrical
movement when visual feedback was available. Like the
older 1readers, vwhen visual feedback was removed,
dyslexics consistently erred in the direction of
symmetrical movement of the two hands. Conseguently,
all three groups spontaneously reverted to dynamic
coupling of the two hands without the assistance of
visual feedback.

On a comparison of performance of tracing angles
with different ratio of hand movement with visual
feedback, all groups were significantly less accurate
on angles requiring 1:2 ratio of hand movement (i.s.
right hand moving twice as fast as left). All groups
demonstrated comparable acccuracy wvhen comparing angles
with 1:1 and 2:1 zatio of wmovement. This £finding
demonstrates that on 1:2 ratio angles, when the right
hand must restrain its natural tendency toward dynaamic
coupling or slowing down to move in unison with the
left hand, significantly 1less accurate performance is

observed in all groups.
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Three questions were formulated from the thesis of
this study and will now be adc ijscussing each

of the hypothesis which were deveiopeu to answer thenm.

Question 81

Can the developmental acquisition of £fine wmotor
unimanual and bimanual skills be msasured on a
computerdized task utilizing visual feedback and
differensiate between normal children between 7 and 16

years of age?

Part of this guestion was addressed in Hl and H2

in Experiment I on unimanual motor function.

Hl: 8ince all subjects are zxight handed, it is
predicted that both groups will perform significantly
better in accuracy with the use of the xight hand when
compared to the left hand.

H2: S8ince fine wmotor skills have been found to
improve with age (Gardner, 1979), it is predicted that

an improvement in accuracy when using the right or left
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hands will be seen with age among the normal reading

groups.

Results displayed in Pigure 10 demonstrate the
difference in unimanual accuracy of the right and left
hands for both the older and younger normal zreading
group. Similarly, Figure 11 displays the difference |{n
speed of performance for the right and left hands for
both the older and younger normal readers.

Apparent from these figures is a significant
difference between the two groups in the manual
execution of the task. The older readers have
significantly more accuracy with their right hands than
with their left, which is not the case for the younger
readers. However, the younger readers are faster,
sacrificing accuracy in their performance.

This £inding suggests that despite all subjects
being xight handed, the younger readers have not as yet
developed greater precision in fine motor function with
their preferred hand and have not as yet developed an
ability to regulate speed in order to increase

accuracy.

~“The gquestion of differentiating between the

developmental acquisition of bimanual skills with
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visual feedback in normal children between 7 and 16

years of age is addressed in H3 and Nd4.

H3: Within each reading group it 1is expected that
accuracy will be better in the unguided, visual
feedback condition than the memory, no visual feedback

conditiom.

H4: Because of the need for interhemispheric
collaboration in the bimanuval task (Pagard, 1985), it
is expected that the older reading group will pexform
more accurately than the younger reading group on the
unguided, visual feedback condition and the memory, no
visual feedback condition.

Results displayed in Pigure 12 demonstrate the
significant difference in bimanual accuracy for older
and younger reading groups when visual feedback is
available for monitoring performance. Similarly, Pigure
13 displays the difference in speed of bimanual
performance for the older and younger readers with
visual feedback. Vhen executing the task without visual
feedback, Pigure 14 displays the accuracy performance
zesults for older and younger normal readers while

Piguzre 15 gives the contrast in speed between the two



107

groups. The data indicate that an increase in accuracy

on bimanual cooxdination occurs with age.

The subsequent two guestions derived from the
thesis of this study apply these results to comparisons
with dyslexic subjects. Specifically, the study asked:

Question #2

Do reading disabled children differ froa
age-matched normal readers in either fine motor control
engaging the hands separately or in bimanual

coordination?

Question 83,

Do the bimanual coordination skills of dyslexic

Children resemble those of younger, normal readexrs?

Comparison of dyslex):. and normal readers'
performance on unimanual skill were made using H5, H6

and H7.

HS: S8ince all subjects are xight handed, it is
predicted - that dyslexic subjects will perform
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significantly better in accuracy with the use of the
zight hand when compazed to the left hand.

H6: There will be no difference between the
dyslexic and age-matched normal readers on the

performance of the right and left hands separately.

H7: The dyslexics will perform more accurately with

their right and left hands than the children.

The performance of dyslexic subjects on this
unimanual visuomotor task demonstrates two Iimportant
characterstics. Pirst, the dyslexics are superior ¢to
both groups in accuracy (Figure 16) and speed (Figure
17), contrary to the hypothesis. Second, the dyslexics
exhibit a greater difference between the accuracy of
their right and left hands than the two control groups
(FPigure 16).

The second {important characterxistic of this
unimanual data is the differenc- :en right and left
hand performance of each group which varies
considerably. FPigure 18 presents a bar graph
illustrating the 20V difference between accuracy of the
two hands 1in dyslexics, while the older readers had
only a 9% difference betwsen the hands and the younger

readexrs had a n difference, which was not
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statistically significant. This laxge difference
between the right and left hand performance of
dyslexics has been previously observed (Denckla, 1985;
Annett, 1985)

Comparisons of dyslexic and normal readers
performance on bimanual skill acquisition were made

using H8, H9, H10, H1ll and H12.

H8: Within the dyslexic group, it is expected that
accuracy will be better in the unguided, visual
feedback condition than the memory condition.

H9: Within the dyslexic and younger reading groups it
is expected that some subjects will 1lose the correct
direction of hand movement when visual feedback 1is

removed (Gladstone, 1985).

H10: It s expected that loss of direction of hand
movement among dyslexic and younger readers will be
attributable to bidirectional movemsnt of the left hand
(Gladstone, 1985).

Because of the need for Iinterhemispheric
collaboration in the bimanual task (Fagard, 1985) and
the evidence for difficulty in bimanual tasks |in
dyslexics (Klicpera, 1981), it is expected that:
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Hll: The age-matched reading group will perform more
accurately than the dyslexic group on the unguided

visual feedback condition and memory condition.

H12: There will be no difference between the
performance of the dyslexics and the childzen on the
unguided visual feedback condition and the memoxry, no

visual feedback condition.

In the execution of the bimanual motox task, the
significant superiority in visuomotor skill among the
dyslexics is no 1longer apparent in their accuracy
(Pigure 19). However, the dyslexics execute the task at
a significantly faster rxate (Pigure 20), while
maintaining accuracy equal to the older readers.

Vhen visual feedback is removed, there is no
evidence of superiority in visuomotor tracking ability
among the dyslexic subjects for either accuracy (Pigure
21) or speed (Figure 22). Although the dyslexic
subjects zremain somevhat faster (Pigure 22), this
finding is no longer significant. Pigure 23 illustrates
the findings for all three groups on both visual
feedback and memory condition for accuracy and
demonstrates the similarity between the age matched
groups and the greater difficulty for all groups when
visual feedback is zremoved. 8imilarly, Pigure 24
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illustrates the findings for all three groups on both
visual feedback and memory condition for speed. Herxe
there is no significant difference between any of the
groups without visual feedback.

No hypotheses were generated to examine the
differences and similarities of performance in relation
to ratio of hand movement. Since the designs of studies
previously assessing bimanual skill acguisition
employed multiple trials of training rather than the
single trial performance in this study, there was no
basis for hypotheses generation. Consequently, the
pexformance of these subjeact groups will be used to
propose hypotheses regarding what can be learned from a
single trial of bimanual skill acguisition.

These findings indicate the following observations:
1) Normal subjects beyond the age of maturation of the
corpus callosum (Yakolev, 1967) exhibit a tendency
towvard dynamic coupling of the hands on initial trials
of bimanual skill acquisition with and without visual
feedback. (Tables 26 & 29) Normal childern before the
age of maturation of the corpus callosum exhibit more
primitive exrors of loss of direction and inability to
produce simultaneous wovements and therefore do not
initially demonstrate dynamic coupling of the two hands
(Tables 28 & 31). 3) Dyslexic children beyond the age

of maturation of the corpus callosum showv a trend
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toward dynamic coupling of the two hands (Tables 27 &
30). However, some dyslexic children exhibit motox
immaturities of loss of direction and an inablility to
produce simultansous movements which is similar to
younger readers.

FPigure 25 {llustrates each groups accuracy in
performance in relation to the condition of varying
ratios of hand movement. All groups are less accurate
and slower (Pigure 26) on angles requiring 1:2 ratio of
hand movement. This is also the case wvhen visual

feedback is removed (Pigure 27).
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Implications and Limitations of Pindings

In oxder to explain these findings, a discussion
of the relationship between the cognitive demands of
this task, the literature on right hemisphere functions
in normals and right hemisphere function in dyslexics
and the mechanisms of interhemispheric collaboration is
applicable.

The focus of interest in this investigation
involves assessing and comparing the perceptuo-motor
skills of normal and dyslexic children. Because of the
complexity of the neurological structures which are
engaged in performing this task, interpretation of the
findings requires discussion of these cognitive
functions separately. That is, this computerized task
requires very precise visuospatial perception,
effective guidance of accurate £fine motor control and
integration or coordination of motor systems
controlling left and =xight distal musculature of the
hands. Bach of these will be discussed in relation to
the cognitive characteristics of the sample.

Pirst, a description of the relevant cognitive
skills of the dyslexic and age-matched subject groups
on standardized tests is a starting point, The

pexrformance of the dyslexics on various measures of
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language and reading indicate that the dyslexic
subjects have deficiencies in left hemisphexe
functions. This conclusion is derived from an extensive
literature relating specific deficits in naming and
syntax to compromise of left hemisphere perisylvian
areas. The linguistic deficiencies axe not observed 1in
the two control groups. The dyslexic and age-matched
readers appear to have equivalent visuospatial
abilities on block design, judgemant of line
orientation and spatial memory, however, therxe uni a
ceiling effect evident for both groups on the latter
two tests. Vhen the groups were compared on
spatial-graphomotor skill they were likewise
eguivalent, except for the dyslexics excelling on more
frequently replicating the most difficult items on the
test (Beery). Conseguently, there is evidence of normal
range ability and the possibility of superior right
hemisphere skill as well as left hemisphere dysfunction
in the dyslexic subjects. In addition, the groups were
not distinguished on a battery of motor tests (R-NESS).
Thus, all groups were scresned for any deficliency in
visuospatial perception and fine motor control
necessary to execute the experimental task.

Bvidence of deficiency in left hemisphere functions
with intact or superior right hemisphere skills has
been described previously in dyslexic populations
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(S8ymmes, 1972; Owen, 1971; Denckla et al., 1980;
Goxrdon, 1980). Geschwind (1982) points out studies that
have documented superior talent in certain areas of
nonverbal skill, such as art, arxchitecture, engineering
and athletics.

Geschwind and Galaburda (1985) have furthex
proposed the concept “pathology of superiority" |in
understanding the extremely discrepant skills obsexved
in dyslexics. In an elegant theory drawing on
neurology, endocrinology, immunology and
neuropsychology, they propose that testosterone during
fetal life affects the development of the left and
right hemispheres of the brain differentially. They
hypothesize that a fetal sensitivity to testosterone,
or an excessively high amount of the hormone, can cause
zetazrded development in the language areas of the left
hemisphere which wmay also disturb cytoarchitectural
development in the right hemisphere as well. They argue
that the lack of cell death in the right hemisphere and
the observed symmetrical rather than the usual
asymmetrical shape of the hemispheres may be
responsible for superiorx right hemisphere skills
described in dyslexic populations.

Interpretation of these experimental results of
this study will be made in view of the cognitive
chazacteristics of the dyslexic sample (left hemisphere
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dysfunction with normal or possibly superior right
hemisphere skill). This profile is consistent with the
initial experimental finding of superior performance by
the dyslexic subjects in unimanual, visuomotor skill.
This £inding is interpreted as being due to superior
visuvospatial ability on the part of the dyslexic
sample in comparison to age-and IQ-matched controls.
The interpretation is partly based upon the f£inding of
normal fine motor control in the dyslexic sample and
the emphasis on visuospatial perception in this tasﬁ.
The association of visuospatial ablilities with
right hemisphere function has long been established
(Kimura, 1969; Levy, 1976; Robertshaw, 1976). However,
conflicting findings supporting this association and
those showing no hemisphere difference (Bryden, 1976;
Birkett, 1977) suggest that the rxight hemisphere
advantage is more readily observable with increasing
complexity of the task. This has been true for research
methodology employing pexception of line orientation
(Pontenot, 1972; Kimura, 1974; Phippard, 1977;
Sasanuma, 1978), a motor response to perception such as
placing a rod to match the position of a standard (De
Renzi, 1971) and methods using a greater Bemory
component (Oscar-Berman, 1978). Bvidence of right
hemisphere superiority with respect to learning

tactile configurations, such as raised dots of the type
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used in Braille reading, also suggest a right
hemisphere advantage for spatial configurations
(Hermelin, 1971; Rudel et al., 1974, 1977; Harriman,
1979).

The 1literature focusing specifically on
'manipulo-spatial skills'’ (Young, 1983) further
supports the interpretation of superjor xight
hemisphere ability for the dyslexic unimanual
performance. In summarizing the literature, Le Doux

(1983) argques,

"Early studies of split-brain humans found the
left hemisphere performing poorly on tasks involving
spatial processing (Bogen and Gazzaniga, 1965;
Gazzaniga, 1965; Levy-Agrest! and Sperry, 1968; Levy,
1972; Nebes, 1971, 1972, 1973). These data were
consistent with the well-known clinical observation
that zright hemisphere, particularly zxight Iinferior
parietal damage, produces disturbances in
visuo-spatial perception. More zecent observations 1in
both split-brain (Le Doux, 1977; Gazzaniga, 1978; Le
Doux, 1979) and brain-damaged (Le Doux, 1980) patients
have suqggested that the left hemisphere's difficulty
with spatial tasks is not so much {in visuo-spatial
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perception, per se, but in guiding complex behavior |in
space.

For example, many of the tasks used to demonstrate
profound differences in spatial ability between the
hemisphexres of split-brain patients required, in
addition to visual perception, the use of the hands |in
perceiving or constructing spatial stimuli. Vhen the
manjipulo-spatial demands were zelaxed, turning the
tasks into pure visuo-spatial tasks, both hemispheres
could perform well (Le Doux, 1977; Gazzaniga, 1978).
The left hemisphere inability is thus not so much |in
perception as in guiding behavioral interactions with

the spatial environment."

Le Doux's distinction between pure visuospatial
perception and execution of complex motor function in
visuomotor tasks is the primary distinction
demonstrated in the rxesults of this study. In other
words, this computerized task reguires very precise
visuospatial perception, effective guidance of accurate
fine motor contrxol and integration or coordination of
motor systems controlling left and right distal
musculature of the hands. Given the level of complexity
of this task, the task characteristics and the

literature on guiding motor movemsnt in a spatial
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environment argue for predominantly «right hemisphere
contzol in the execution of these tasks.

The findings in Experiment II, employing an even
more complex perceptual motor task demonstrate some
loss of superiority in the dyslexic groups' bimanual
performance compared to unimanual performance when
visual feedback is avallable. That is, in the bimanual
condition, the dyslexics are not only able to maintain
an equal accuracy with the age-matched readers but are
also able to execute the task with greater efficlency
in speed. Vhen the perceptual half of this
perceptual-motor task is zemoved, in the bimanual
memory condition where visual feedback is not
avalilable, the dyslexic performance is
indistinguishadble from controls. Thus, the (findings
from these three experimental tasks indicate that this
dyslexic group 1is not equal to, noxr deficient in
perceptual motor skill, but is superior in the
perceptual abllity guiding their fine motor function.
This conclusion argues that the hypothesized
differences between the dyslexic and age-matched
xeaders are in a perceptual supexiority rather than a
parceptual-motor deficiency,

Vhat of the hypothesized dyslexic difficulty with
lntothcnisppoxlc collabotation and expected

similarities in bimanual perceptuomotor skill with the
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younger, reading matched control group? As the data
indicates, and contrary to the hypotheses, overall
performance on accuracy and speed distinguishes these
twvo groups instead of demonstrating their similarxities.
However, examination of the gquality of motor function
reveals some similarities.

Both dyslexic and younger readers demonstrated a
pattern of immaturity 1in acquisition of the bimanual
motor task which is similar to that <reported for
commisurotomy patients (Preilowski, 1972) and younger
normal children (Pagard, 1985; Jeesves, 1988). Oon
initial trials with visual feedback, subjects in those
tvo groups were zxeported to alternate hand movements
creating a stair-step effect rather than producing
simultaneous movements which trace a smooth line. This
wvas likewise observed 1in the dyslexic and younger
subjects of this study on initial trials with visual
feedback. In addition, wvhen visual feedback vas
removed, dyslexic and younger reading subjects also
lost the direction of the movement of one or both of
the hands, completely reversing the dirxection of the
tracing. These motor characteristics which constitute
the most primative errors described in bimanual motor
skill acquisition studies have also been observed 1in
commisurotomy patients (Preilowski, 1972), 6 and 7 year

olds (Pagard, 1985; Jeeves, 1988) but were never
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observed in the age-matched normal readers of this
study or normal adults (Pagard, 1985; Jeeves, 1988).

Although Prellowskl (1972) argued that "from the
beginners first few trials no information can be gained
about specific sensory motor mechanisms underlying the
leazrning of a motor skill", the results reported by
Gladstone (1985) and the findings of this study suggest
that this 1is not the case. Examination of the
performance from a developmental pctlpictlvo indicates
that younger children and some dyslexic subjects
exhibit specific immaturities in style of motor
execution not obsexrved in chronologically- older or
age-matched normal reading subjects. Thus, the ability
of subjects to execute simultaneous hand movements and
sustain the correct direction of the hand movements for
a desired angle appear to be maturational markers
despite chronological age.

The greater proportion of rxeversals by the
dyslexic group was attributed to loss of direction in
the right hand. This finding could be interpreted as
supporting the interpretation of inefficient control
from the left hemisphere. 8ince the dyslexic group was
found to have deficient left hemisphere ability related
to language function, this conclusion has some merit.
However, since the nature of the difficulty is related

to performance in the bimanual condition only and there
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is no other evidence of right hand motor dysfunction on
the standardized test results or the unimanual
performance on the experimental task, further
consideration of an interpretation of interhemispherxic
collaboration difficulty is warranted.

Since the poor right hand performance was only
seen in the bimanual condition without visual feedback,
an interpretation based on interhemispherxic
collaboration will be explored. It has been proposed
that this task is most highly influenced by fhe
visuospatial skills of the right hemisphere. Based on
the importance of right hemisphere influence on this
task, the finding would support the hypotheses of
difficulty in interhemispheric collaboration wvhen
transferring spatial information from the right to the
left hemisphere to guide the right hand is necessary.
In other words, following Pagard's reasoning, the
inability of the dyslexic subjects to suppress motor
irradiations causing a reversal of the direction of
hand movement argues for an interpretation of poor
interhemispheric shielding of information being the
source of the dyslexic immaturity on this task.

A similar tendency to lose the direction of hand
movement by the younger readers who were expected to
have difficulty with interhemispheric collaboration

supports this interpretation. Consequently, these
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qualitative similarities between some 0f the dyslexics
and younger readers suggests a delay in development of
cerebral maturation among some of the dyslexics.
Alternative intexpretations of the dyslexic performance
cannot be ruled out, as limitations in the reseaxch
design do not allow for discrimination between these
alternatives. Rather, what is needed is a design which
would represents the actual speed or timing
contribution of each hand to the overall performance in
order to discuss further the specific implications of
this finding. Although the interpretation of a
developmental lag in cerebral maturation based on the
dyslexic bimanual performance in this study may seenm
contzadictozry to the £inding of superior unimanual
skill, the qualitative similarities to younger readers
is warrants a discussion of this interpretation .

Given the qualitative £findings presented, the
pexformance style of the dyslexic subjects contains
many characteristics which resemble the younger readers
and suggests a developmental lag in cerebral maturation
even at the ages of 12 to 16. Application of the work
of Liederman (1986), Neff (1986) and Kinsbourne (1988)
may be helpful in further entertaining interpretations
of this finding. The concept of hemispheric
independence is relevant to the literature on bimanual

skill acquisition in adults (Pagard, 1985; Jeeves,



124

1988) which has demonstrated a shift from {initial
dynamic coupling of the 1limbs to independent and
precise movements of the hands (and thus independent
functioning of the two hemispheres).

The Qualitative performance deficits in bimanual
skill acquisition by some dyslexics in this study are
indicative of a lack of hemispheric independence.
Although precision in such bimanual skills is remote
from the problems in langquage and learning to read,
Kinsbourne (1988) proposes a possible relationship
between the ¢two. He argues, "....a general function
does conceivably link differential finger movement and
differential word recognition: the ability to inhibit
highly probable (compatible, familiar) zxesponses in
favor of less favorable but more specifically adaptive
alternatives."

Kinsbourne elaborates on this proposed general
differentiating function in his discussion of reading

acguisition:

"The phonological referent of any letter grouping
depends critically on other letters coexisting in the
word. No sooner does the child learn how to pronounce a
syllable than, in the context of a new word, he is told

that it is pronounced differently. The impaired reader
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persists, for variable periods of time, with responses
to letter groupings within a word that might be correct
were these groupings present in {isolation, but are
incorrect or at least inadequate in the new context.
The ability to override familiar in favor of more
adaptive responses calls for neural inhibitory
interactions generically related to those that enable
one finger to be moved while the others are zrestrained

from moving."

The immaturity observed in the execution of the
bimanual task by some of the dyslexics lends itself to
Kinsbourne's (1988) interpretation of interhemispheric

difficulties in dyslexics. He further proposes:

"The disorder may, at least in the majority of
cases, reflect an immature state of cerebral neuronal
cirxcuitry, making for neuromotor immaturity and
generating other signs of the type that used to be
attributed to "minimal cerebral dysfunction," as well
as the wmore specific and consequential cognitive
deficits that preempt the educator's attention. The
difficulty experienced by the older, reading-disabled
child is then comparable to that experienced by any
younger, normal child (although the assumption is not
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Justified that therefore the dyslexic will ultimately
mature sufficiently to "catch up"). In any case it
would be easy to see wvhy neuronal circuitry with a
degree of underdifferentiation might lend itself only
with difficulty to the higher levels of

automatization."®

Such "higher level automatization” is essential to
Liedermans concept of hemispheric i(ndependence which
would allow for independent information processing to
guide the two hands. 8ince the tendency to reverse the
dizection of hand movement was only observed in a
subgroup of ;he dyslexic sample (8/23), any further
discussion of this £inding necessitates a discussion of
dyslexic subtyping which would go far beyond the goals
of this study. Additional statistical analysis of the
characteristics of those dyslexics in this study who
reversed the direction of hand movement without visual
feedback, has not as yet been undertaken. 8Similarly,
Gladstone (1985) gives no report of such
differentiation for those among his dyslexic sample who
reversed direction of hand movement.

In summary, the £indings indicate that the sample
of Pure Dyslexic subjects exhibit superior
perceptual-motor ability in both unimanual and bimanual

motor function but lose that superiority when unable to
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rely on the perceptual feedback. This finding supports
an argument made by Geschwind (personal communication
from Denckla) that "vision is the great egqualiszer for
balance between the hemispheres."™ Vhen vision is
removed, the dyslexics must depend solely on the
precision of visual memory xather than visual
perception to guide underlying motor structures in the
two hemispheres. Difficulty on this task may tap into
the ability of the two hemispheres to interact with
each other to share information and be able to suppress
overflow when unable to monitor errors through
knowledge of results. It is only under these unusually
complex and constrained conditions that an immaturity
in the dyslexics' interhemispheric collaboration skills
is observed. This finding suggests that the use of
visual feedback not only allows the dyslexics to excel
beyond the age-matched readers, but also masks the
presence of an immaturity in some dyslexics' skills

necessary for this interhemispheric task.
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Applications of Rasic Research
to Rducational) Practice

A question frequently raised in relation to basic
reseaxch in brain organiszsation in dyslexia asks how
this information is relevant to the lives and learning
of dyslexic children and adults. 8ince none of the
experimental tasks performed in the study were designed
to directly measure reading mastery, direct inferences
about learning to read cannot be made. Hovtvot,  as
Samuel Orton and those who continued his work believed,
the key to "the treatment and prevention of many
disorders have advanced only wvhen the structural
foundations of that disorder have been elucidated”
(Geschwind, 1982). The degree to which individual
differences in cognitive skills and the rate or course
of their development influences learning is a
significant basis for approaching the remediation of
dyslexia.

It is not necessarily the case that any deficiency
in hemispheric interaction directly results in specific
reading disability and may, in fact, be a correlate or
risk factor. Dyslexic children do not read like
split-brain subjects. In addition, younger children in
this study showing immaturity in interhemispheric

collaboration in motor skills are able to read at an
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age appropriate or above level. Consequently, any
evidence of interhemispheric collaboration difficulties
should not be used to Justify training in motor
interhemispheric transferx skills. Unfortunately,
teaching approaches have often been based on correcting
the deficiencies of inferred disorders (Denckla, 1978;
Vellutino, 1979). Training students in skills
correlated with reading difficulty may have no relation
to reading itself. What then is the educational value
of a study such as discussed here?

Several applications of these £indings are
relevant for remediation of dyslexia. The £first and
most significant issue is the emphasis these £findings
place on the individual difference which is observed
among dyslexics and between dyslexics and normal
readers. Children with dyslexia show broad diversity in
cognitive strengths and weaknesses demonstrated in the
dyslexia subtype literature. Understanding this
variability is essential for defining a successful
approach to teaching. In other wvords, the approach to
teaching children with specific reading disability
needs to be developmentally based on the functional
level of the individual child's skills rather than what
is expected from age or 1IQ level.

Dyslexic children often exhibit extreme

discrepancies in strengths and weaknesses which cause
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them and adults working with them considerable
confusion and wmisinterpretation of their acadeamic
performance. Consequently, children who are seriously
delayed in reading need more help than normal children
to master skills in their deficit areas and to
establish a positive sense of self esteem and
confidence in academic ability. These children often
develop expectations of fallure and resistance to the
hard work necessary for acquiring academic skills. It
is particularly a problem for children 1like those
described in this study who excel beyond their peers in
some cognitive abilities yet suffer the embarrassment
of fallure in others. 8Such children derive great
benefit from understanding the nature of their
cognitive difficulties and assoclation with peers who
have similar problems.

One recent approach to the understanding of
leazrning and cognitive abilities (Gardner, 1985)
proposes that the concept of {intelligence actually
masks multiple intelligences. Gardner (1987) argues
that "intelligence is basically a pluralistic concept”,
and he delineates seven types of intelligence or
"cognitive modules" which are related to discrete
regions of the brain and require independent learning
with limited transfer from one module to another.

Gardners argument is in keeping with the developmental
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theories discussed in this study, particularly that of
Geshwind's (1982) concept of "pathology of
superiority®. The work of Geshwind and Galaburda (1985)
provides a neurocanatomical basis for the argument of
discrepant skills or multiple intelligences, all of
which can be tremendously useful to educators and
counsellors who are helping children understand why
they azre "smart™ at some things and "dumb"™ at other
things.

Appropriate expectations for academic success |in
the classroom are essential for all children,
particularly for the child with discrepant or delayed
skills. Dealing with learning problems directly related
to the cognitive disability itself rxequires both
specific dlagnostic understanding of the cognitive
strengths and weaknesses (or level of intelligences) of
the child and an appropriate teaching method which
challenges growth in strengths and remediates areas of
learning disablility. Vhen dyslexic children are
expected to read as well as normal children but not at
the same rate or age, motivation to learn is fostered
and the debilitating experiences of fallure are
avoided. Consequently, the two main problems faced by
educators working with learning disabled students are
the problems of identifying and remediating the
cognitive .dlsablllty and the problems owing to
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psychological factors (emotional adjustment,
motivation, self concept) that arxe directly and/or
indirectly related to being learning disabled.

Minimal research is available for insight {into
the effect a learning disability has on personality
development. However, the work of Cohen (1986)
identifies some of the key emotional issues which these
children with such discrepant skill levels must face.
In his study, Cohen discusses the emotional conflicts

encountered in learning disabled students. He observed,

"Phe learning-disabled children and adolescents
studied evidenced two major emotional configurations:
1) a low level, chronic depression; and 2) an unusually
high propensity to experience distress, anxiety and
panic anxiety. These emotional characteristics were
uniquely interwoven into the larger fabric of each
youngster's personality.

Virtually all of the learning-disabled children
over the age of seven evidenced a chronic, 1low-level
depression. These depressive feelings were not related
to internalized frustration, anger due to frustration,
as 8ilver (1974) has described, but rather to the sad
feelings of having lost a valued part of self. Often
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(but not always), this sense of loss was related to
part of the "head/brain".

The sad feeling that there is a discrepancy
between what one "is"™ and what one "ought” to be, and
the ensuing frustration characterized both groups of
youngsters studied. However, only the learning-disabled
youngsters showed a low-level, chronic depression and
the fantasy that they had lost a valued part of

themselves."

The unexpected findings of both superior
perceptual motor skills among the dyslexics as well as
signs of immaturity in cerebral maturation in the group
emphasizes the importance of an educational approach
which accounts for individual difference. Speclial
remedial methods such as the multisensory approach to
teaching are available for zremediation. 8imilarly,
research on teaching methods geared to different
subtypes of dyslexia (Doehring, 1984) and the gifted
dyslexic (Jones, 1986) has begun.

Researxch £indings which demonstrate extreme
differential abilities and a delayed course of skill
development can be most useful to educators by helping
them to see a unique course and pattern of learning in

a learning disabled student, rather than a child who
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cannot keep up with peers. Denckla (1985) discusses a
study showing younger dyslexics having the wvorst
performance on a map-walking test, while older
dyslexics (after maturation of the corxpus callosum)
showed performance superior to normals. 8he uses this
finding as support for the argument that the unique
developmental course of dyslexics must be considered
in view of their ultimate potential. 1In other words,
"what must be considered ‘money in the bank' dur;nq
early years may later be withdrawn and usefully applied

for successful academic achievement”.
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This research study demonstrates a
perceptual-motor superiority in the dyslexic subjects
unimanual performance as well as indications of
immaturity in cerebral wmaturation in bimanual skill
acquisition in a third of the dayslexic group.
Mditional research is needed in order to further
ascertain the implications of these £indings.
Specifically, further analysis of the existing data as
well as improvements in the design and apparatus would

be helpful.

Continued analysis of the data from this study

could address several significant questions:

1.) Are there factors on either the experimental
measures or the standardized tests wvhich identify the
dyslexic subgroup who reversed the direction of their
hands or executed the bimanual task with alternating

zrather than simultaneous movements?

2.) Are there additional scoring measures which could
be developed that would more precisely represent the
different styles of execution of the task.

Specifically, measures which would detezrmine the
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respective contributions of the twvo hands wvhen
altezrnating, rather than pexrforming simul taneous

movements?

3.) Does controlling for, or matching dyslexic and
older reading subjects on unimanual performance affect

the comparison of the groups on bimanual perxformance?

Improvements in the methodology focus on expanding
the capabilities of the apparatus in order to bDetter
address the issue of the respective contributions of
the two hands to bimanual performance and obtaining a
broader examination of the dyslexic population.

Possible alternatives include:

l.) Connecting a device to the potentiometers which
will measure the exact contribution of each hand,

giving a count of total turning of each hand.

2.) Videotape the movement of the two hands in order to
evaluate the timing relationship between the two hands
as the task is executed. This method would reflect the
issue of dominance, revealing which hand is doing the

leading and which hand is doing the following.
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3.) Examine bimanual skill acquisition in dyslexics
over a broader age range, including performance of left

handers, females and speclfic subtypes of dyslexics.

4.) Look at learning of bimanual skill over multiple

trials to examine rate and style of learning.

S.) Administer additional tests which have been shown
to assess interhemispheric transfer (Neff, 1986) to

further establish concurrent valldity.
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ILLUSTRATION OF APPARATUS
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APPENDIX B

GLOSSERY OF TERMS

Dynamic Coupling - A natural tendency for the two hands to perform
at equivalent rates (Pagazd, 1985) in Dbimanual wmotor skill
acquisition vhich affects accuracy in angular velocity.

Angular Velocity - Term used in bimanual motor skill acquisition
(Pagard, 1965) to designate the ability to manipulate the two
knobs simultaneously at the desired rate vhich'vlll trace a target
line.

Symmetrical Movement - Entrained movement pattern in execution of
the bimanual experiment vhere the two hands move the knobs at
equivalent rates and amounts (1:1 ratio of movement).

Asymmetrical Movement - Bntrained wmovement pattern in the
execution of the bimanual experiment where the two hands move the
knobs at different rates and amounts (2:1 ratio orx 1:2 ratio)
according to the target line.

Reversal - Tera used to describe performance observed in dyslexic
and younger readers wvhere the direction of an entzained bimanual
movement of the hands (clockwise or counter clockwise) is changed
to movement opposite to the intended path and direction when
visual feedback is removed.

Correction - Maptation in the turning of the knob which wvas made
by all subjects whereby they changed the movement of the cursor on
the screen to return to the center of the pathway after observing

deviation avay from the target line.
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APPENDIX C

Chaxlggte A. Tomaino, M.A. M
®

Phil.
¥h Plains, Mev York 10606

Dear Parent,

Your son has been invited to par aclpnte in an exciting
research study bclng conducted in the K} onan 'Ch:33° The stud
éa.:giogge..gcquiol fon of reading skills. It resses suc

'Uh{ do some children develop normal reading skills while
others fall to learn to read vhen t cx have had ample ucational
opportunity and come from supportive family environments:?*

This study is being conducted by Charlotte Tomaino from the
City University of Mew York, with the cooperation of the Kildonan
8School. The research suttlc nts will be asked to ll{ { video
game much like a child's etch-a-sketch game vhere they will trace
a maze pathwvay and single pathways at varying angles. Youngsters
participating in the pilot study have enjoyed the “game-like"
:::2u§::.¢xpotlltnt a learned some new computer skills at the

The first session involves the adaministration of
standardized neuropsychological tests 3. ting arptoxllltoll
hour. Unnecessary testing will be avoided b ng test slor
currently on f£ile at the school. During the second session ¢t

oungstezis vill play a computer game on an Aggle I1le. This session
asts approximately 35 minutes. All information derived from the
testing will be kept stzictly confidential.

If you agree to have your son participate in this research
study, please slgq belov and return the form in the enclosed

envelope.
hingtxg ou

Y ease call me a e g ovVe number o{ Dr. Xan

will be happy to explain the study in greatex
8incerely,

an
es
he

ve any guos ons
st the school) and
etail.

I consent to have my son,
rticipate in the research study descr above a ve [}
rior test scores made available.

— Bignature — Date
rin ne ~"Home or BusIiness Phone

Home address
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APPRNDIX D

Charlotte A. Tomaino, M.A. M.PRi1.
Vhite Plains, Mew York 10606

Dear Parent,

Your son has been invited to participate in a research study
beln? conducted in the White Plains S8chools. The study is on the
acqu sltlon of xeading skills, 1t addresses such gquestions as:

Y do some children dcvnlog normal tood skills while
others fall to leaxn to read vhen t 0* have ha alp e cducational
opportunity and come from supportive tamily environments?*

This study is bein condncted bx Charlotte Tomaino from the
Clt{ Univozsltx of Mew York, with e ;9 ration of the White
ns z

Pt

Pll School Systen. ?hc research r icipants will be asked to
! ay a video me much llko a chll s e 'h-a-skctch game vhere
he{ will ttace a maze ra single pathwvays at vary ina
es. Youn stets partic patlnq ln the pilot study have oniole
the *game-1ike" congntex exper iment and learned lole new compute
skills at the same time.

The first session luvolvci the administration of
standatdizcd neuropsychological tests lasting apptoxllltely an
hour. During the lccond session the youngsters wi g
computer gfl! on an Apple lle. his s sslon 1 sts apptoxlnl ely 35
minutes. All testing will on n your s school. "All
information derived from tho toltinq vlll bo kept strictly
confidential.

If you agree to have your son participate in this research
.tudYo ploasc llgn bolov and return the Iorm in the enclosed

bt ¥

enve

h!ngjjgf ve an{ questions

please ca above nu or Mr. ltotl at the school)

and I vill bo bappy to explain the study in greater detail.
Sincerely,

1 consent to have my son particita in the research study
described above and have his school testing scores made available.

Bignature “Date
Tinte ne “"Home or Business Phone

Home address
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APPENDIX E

Screening Battery and Ancillary Battery

of Tests Administered

Intelligence: Dyslexics - WISC-R

Older Normal Controls - Cognitive Abilities Test,
WISC-R Vocabulary and Block Design

Younger Normal Controls - Cognitive Abilities Test,

W18C-R Vocabulary and Block Design.

Reading: Plat Word Recognition, Plat Reading
Conmprehension, Woodcock/Johnson Word Attack, Myklebust

Quotient.

Motor: Revised Neurological Examination of Subtle Signs

(RNESS), Purdue Pegboard.

Graphomotor: Beery, Maze Speed, Pencil Excursion.

Attention: Conners Parent Ratings, Conners Teacher

Ratings.

Language: Rapid Automatized Naming Test, Boston Naming

Test, Token Test.

Spatial: Benton Spatial Memory, Benton Judgement of

Line Orientation Test.
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SRILDREN'§ BIFTORY JOW
INSTRUCTIONS TO PARENTS: Plesse fill out the fora to the best Of your Xnowledge.
11 some questions are not applicable to your enild, write in N.A. If you need
BOCe SPace Ot wish to sake an sdditional osmment. please attach a sepazate sheet.

Child’‘s Vame: Bicthdate:

Some Address:

Some Phone: ( )
Mother's Mame: Pathex ‘s Nane:

Susiness Address (PatherMother):

School Currently Actending: Grade:

Telephone: ( )

Nane of peraon filling out this fors:

Date:

Aslationsahip to Child:

DERGUANCIES :
Was this child adopted? Tes Mo

Did you have sny of the following complications during this pregnancy?
If so0, indicate which msonth:

Aneais Nigh 3lc0od Pressure Swollen Ankles

Ridney Disesse Bear: Disesse

Gernan Neasles Jonesia i staining

Sleeding RN or other blood incompatibility

Voaiting Vitus




14¢

PR

T™hiestaned alosarsisge ot sasly contractions:

Chtonic Ll1lness(s) such ss diadbates, kidney infection, thyroid, ete.

Other illmesses ducing peegnancy:

Nospitalisation during pregnancy ether than dusing delivery

Wen Wy

Opezation

Injury,

Wich medications, if any, €id you taske during this pregnancy?

Bow much weight 414 you gain during this pregnancy?

Did you have any ethe: esmplications? 1f oo, whatr?

List all of your pregnancies in etder, including the child to be seen. If a
pregnancy ended in aiscarriage, state at which month. If you have had more than
aix pregnancies, eontinue On the back of this page.

h | 1941}
Yeer __ Weme gm_m_-ud weghy __gew _ Complicetions

RIXTN BIFTORY:
Name of Woespital:

.

Now many hours from figrst contraction to Birth?
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’

Were you given medication? Tes ) _What kind?

mmp————

Why was it given?

Were you under anesthesia during childbicth? Yes no

Hat hind?

Was labor {nduced? Yes L) Wwy?

Bow?

Was the baby bectn heed first? Tes o Don ‘'t know

Were focceps wsed? Yes o Why?

Did you have s Ceesarian Section? Yes Wo Wy

Did the baby have any druises? TYes o Where?

Was this a sultiple Bicth? Tes L How myi

Did this baby have beeathing probless? Yes o Oon’t know

Mas the cord around the neck Yes L) Don’t know

Did the baby ery quickly? Yes "o, Don't Raow

¥Was the baby’'s color norsal? Yes "o Don’t know

Blue?_______ Yellow?

1f the baby was yellow (jaundiced), 4id he recelve:
Qrygen? Yes____Wo____ Bow long?
Transfusions? Yes L) flow many?

Phototherapy (lights)? Yeos Mo Bow aany days?

Were thers any other complicstions before you took the haby home?

Yeos o, What?

¥as the bady placed in an imcubator Or special crib?

Yeos %o lov long?

Sow long after birth 4id you take the baby home?
EARLY BIgTORY:

Senegal:
Did this bady have feeding problems? Yes wo

Describe thes
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© Was the bady eoliery? TYes ) Bow long?
D14 the baby tequite fermula changes? TYes o
Describe them
Difficulty sucking as an infant? Yes L] )
Difficulty ehewing? Yes o
Deooling past 2 1/17 Yes o
¥as the baby morsally active? Yes o
Dascribe
¥as the bady Iisp? Yes "o
Mas tde baby stiff? Yes_ o .
Did the bady show sausual tresbling? Yes No ’
Oid the bdaby fall to grow mormally? TYes "o
Did the baby fail to gain weight? Teos o
uas this beby different in any way from brothers or sisters, of fzom other children
his/mer age?
Yes uo, Descride how,
motor Milsetones?
Age sat alone Ao tied shoes
Age walked without holding on Age pedaled tricycle
AMe fod self Age tole bicycle

Me dressed self
iangueee Wilepsones:
Age spoke first words

Age put 2-3 words together
AMe good sentence structuse R

Speech prodblems? Yes No Deacc ibe
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ting:

Age trained for ucine? Por bowels

Bed wetting? Yes no AMe Started? fow often?

Me controlled?

Did (s)he have urine accidents Quring the day? Yes o

Did (sihe have soiling? Yes %o

MERIGAL BISTORY

Bas your child bad msningitis ot encephalitis? Yes o

What oge?

Bas your child had & head injury? Yes o \

Loss of consciousness?

Did your ehild have any significant injuries? Yes o

Bas your child ever had high or prolonged levers? Yes o

Did (sihe have frequent ear infections? Yes o

Dpes (s)he have any visual defects? Yes No

Did (s)he have any hesring defects? TYes L)

Does (s)he suffer from heart diseass? Yes Wo

Does (s)he have asthasa? Yes o

B33 your child had seisures? Yes Mo Age at first seisuse

Bas your child had episodes of unconsciousness? Yes o

Bas youtr child been hospitalised? Yes ¥o

Age Reason

Me Reason

List any other uncommon childhood illnesses your €hild has had:
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- - .

Does your child frequently eomplain of:

Besdache? Yes__No Hausea? Yes L
Weakness? Yes__ MNo__ Stomachaches? Yes______ Wo
Dissiness? Yes__lo___ Chronic Constipation? Yes o

Trouble with vision? Yes o, Chronic Diacrhea? Tes______Wo

Trouble with hescring? Yes L)

Gthetr? Yes L) What?

List any sedications that your child has taken in the past for more than a
month (include dosage given and reasen it was taken):

List any medications your child is currently taking (iaclude dssage and
teason for taking it):

Sas youtr €hild hed:

Sye enan? Yes - "o AMe Results
Searing exan? Yes Mo Age Results
EXG? Yes o Results

Other special medical tests? MNase

Results

Have you consulted any sedical specialists for the chile?

s Ho Why?

Me Reason

Results
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Y-
> - “.
VIOR | | 3
o lives in the hose?
Are there significant marital conflicts? Yes Mo
Aze there significant conflicts between ehild and parent? Yes Mo

Do pacents agree on how to discipline ehild? Yes e

Who disciplines and how?

Bow does your ehild respond to discipline?

Ooes your child have difficulty getting slong with children hig own age?

yeos Mo

Ooes your ehild have difficulty getting along with adults?

Yes Mo

Bow does (s)he occupy himsell?

Bow does your child perform athletically?

Check the ones that describe your child:

Shy? Immstuce?
Well behaved? Stubboen?
Impulsive? More active than other ehildren?

Clumey using his hands? Clumsy in walking?

Does your €hild or did your child ever have:

Temper tantrums? Pooc handwr iting?

Sleep probless? Sesd banging?

Nightmares? Toe walking?

Blank spells? Thuad sucking?

Palling spells? Tics of twitching?

Aversqe intelligence? Dafficulty staying vith one

activity for a ressonable
length of time?
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Ve ae .

Did you ehild ever eat paint, paper, etc.? Yes Mo

Which hand does your ehild use most often? Right left

Mo entablished?

Ooes your ahild ewitch hands? Yes o

Bes your child had emotional, adjustment Ot behavioral ptodlens?

Yes o

Sas your child received any psychological or psychiatric treatment?

yosu "o By Whoe? When

Place?

SSHOOL NIFTORY: (1f applicable)

Did your child asttend nuzsery school or & Preschool prograa?

Tes ] Me started
Were there prodblens? Yes No It yes, describe:
Did your child sttend first grade? Yes Mo Me started
Wece there prodlems? Yes Ho I1f yes, describe:

s the school cutrently reported probless with:

Reading? Yes_____ "o Behavior? Yes No_____
Spelling? TYes_____ Wo gocial sdjvstment? ™8 Wo__
Writing? Yes___ Vo Attention spen? »s L
Arithemetic? Yes____ No folloving digections? Yes Wo_____
Does® your child like school? Yes L]
Kas sny psychological testing been done? Yes Mo

By whoe? __When?

Where?

What rocommendations were asde?
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.

Rl

1s your child in & special education class? Yes o

What kind?

When vas (s)he placed there?

Does your child receive any special services in school (resource seoe, tutoting,
temedial reading, speech, ete.)?

Yes o What services?

Por how long?

Bave you gotten any help privately for your child? Yaes L)

hat sort?

Sy whoe?

When? ’ Mov often? —_

DMLY NIFTORY:
(UWDER PARENTS LIST NAMES OF CEILDRAEN IN ORDER OF BIRTE)

School or
Behavior
Mo Education (qrede) Occupstion  Reslth ‘Prodbles
Pathet
Mother

D1d anyone in your immediate fasily or other relative have any of the following?
(1f s0, who?)

Neutological disease? Yes %o,

Seisucres (epilepsy)? Yes %o




Beacring problems?
Visual prodblens?
Emotional prodblems?
Mentsl retatdation?
Slowness in talking? .
Slowness in walhing?
Byperactivity?
Learning problens?

Sinilar problems to child?

=l0=

Aol

Does any disesse run in the family?

What?

Yes

152

Yes

Yes

Yes

p{ 1]

Yes

Yeos

Yoo

Yes

Yes

F ¥ ¥ FZEY RS

Additional Comments:



Comparison of Dyslexic and Age Matched and Older Reading Groups
On Screening Battery Tests

Vocabulary
Block Design

ATTENTION
Hyperactivity Index-Teacher
Hyperactivity Index-Parent

READING

Myklebust Quotient

Piat Word Recognition Grade Level
Piat Word Comprehension Grade Level
W/J Word Attack

LATERALITY

Laterality Hand (Max = 11)
Laterality Foot (Max = 2)
Laterslity Eye 0 or 1

PERCEPTUAL/SPATIAL

Benton Spatisl Memory
Judge of Line Orientation

¢t p. C .05 ®*% p, .01 ses p. «

TABLE 1

Dyslexic
Mean SD
10.13 1.69
10.96 1.8%
L3652 321

1.70 3.26
.6952 .09
$.78 1.95
6.79 2.29
6.10 1.6
10.96 .21
1.78 .52
.826 .39
13.78 1.63
25.8) 3.26

.001, two-tailed, connected.

Older

Mean

11.95
11.79

.2632
-3579

1.16
12.90
11.06
12.90

9.95
1.73
.89

13.5)
25.63

2.
2.

2.

SsD

27
%

329
209

. 160
0.00
1.83
0.00

.97
.56
.32

.35
91

12.16
15.90

6.56
26.57

6. 65
.27
.62

+51
.20

Prob
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Comparison of Dyslexic and Younger Reading Groups

TABLE 2

On Screening Battery Tests

Vocabulary
Block Design

ATTENTION
Hyperactivity Index-Teacher
Hyperactivity Index-Parent

READING

Myklebust Quotient

Piat Word Recognition Grade Level
Piat Word Comprehension Grade Level
W/J Word Attack

LATERALITY

Laterality Hand (Max = 11)
Laterality Foot (Max = 2)
Laterality Eye O or 1

PERCEPTUAL/SPATIAL
Benton Spatial Memory
Judge of Line Orientation

Dyslexic
Mean 8D
10.1) 1.69
10.96 1.05%
.3652 323

1.70 3.26
.6952 .09

5.78 1.9%

6.79 2.29
6.10 1.66
10.96 .21

1.78 .52

.026 .39
13.78 1.63
25.83 3.26

Younger

Mean

15.5
16. 14

. 0357
.5143

1.16
5.20
5.06
8.92

9.66
1.5
5716

11.29
20.14

sD

2.3
2.1

.33
. 266

.099
1.01
.913
3.22

1.55
.760
.51

- LN}

U W s

.62
.79

.66
. Te

.04
.20
.22
.20

3.1%

~

- s

.35
.71

.23
.09

Prob

see
s

e
s
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TABLE 3

Comparison of Older and Younger Reading Groups
On Screening Battery Tests

Vocabulary
Block Design

ATTENTION
Hyperactivity Index-Teacher
Myperactivity Index-Parent

READING

Myklebust Quotient

Piat Word Recognition Grade Level
Piat Word Comprehension Grade Level
W/J Word Attack

LATERALITY

Laterality Hand (Max = 11}
Laterality Foot (Max = 2)
Laterality Eye O or 1

PERCEPTUAL/SPATIAL
Benton Spatial Memory
Judge of Line Orientation

Older

Mean

11.95
11.79

.2632
L3579

1.14%
12.90
11.06
12.90

9.95%
1.7
. 09467

13.53
25.63

8D

.27
. 9%

N8

.33
.21

.16
0.00
.83
0.00

[¥3

.97
.562
.15

Younger

Mean

15.5 2.0
16.14 2.16
. 6357 .37
L5162 .266
1.16 .099
$.2 1.01
$.06 .913
8.92 3. 22
9.64 1.58%
1.% . 760
5714 .51%
11.29 1.68
20.1¢ b.61

-

L
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TABLE &
Breakdown by Mean Age in Months for all Subject Groups

! N ! Mean ! sD
Dyslexics 2 aense 1 17.06
oraer T 119 1 100,00 1 1see
Younger 'n'il":.";i’.;':":."';fl"'



TABLE $

Comparison of Dyslexic and Reading Groups for Age Match

Dyslexic Older
Age Range I N | HNean | sSD I N | Mean 1 8D | t
12 w016 13371 Tenise 1 17,06 1 191 100.00 1 15.88 1 ©.31
12 to 15,5 |01 165030 1 1290 1 101 165.20 1 1679 1 0.63
155 to 16.21 V131 Taseios 1Y Teize 1 el Tiezeo i aien 4 iias



RAN color
RAN number
RAN objects
RAN letters

Purdue Pegboard R
Purdue Pegboard R
Purdue Pegboard L
Purdue Pegboard L
Purdue Pegboard B
Purduve Pegboard B

L foot tap time

L foot tap mirror

L foot tap overflow
L foot tap dysrythmias
L foot tap sequence

L heel/toe time

L heel/toe mirror

L heel/toe overflow

L heel/toe dysrythmia
L heel/toes sequence

L hand pat time

L hand pat mirror

L hand pat overflow
L hand pat dysrythmia
L hand pat sequence

L hand p/s time

L hand p/s mirror

L hand p/s overflow
L hand p/s dysrythmia
L hand p/s sequence

A o e " — e " ——— i ——— " T o —————— — — " ————— -

TABLE 6

Comparison of Dyslexic and Age Matched
Readers on Ancillary Battery Tests

Dyslexic
Mean I 8D
--------- |---------
1
)
38.07 1 6.30
26,68 | S.e8
86.76 1 7.29
26.%2 | 7.57
--------- |_--.---..
!
|
16.13 | 1.69
16.91 | 1.088
13.09 1+ 1.0
16.22 | 1.38
10.87 1 1.2%
11.26 1 1.2
--------- ...------.
|
|
$1.%2 | 11.64
.0635 | .209
0.0 | 0.0
.6087 | .&99
0.0 i 0.0
--------- '.-.-.----
|
79.76¢ | 16.11
0635 | .209
L2176 | 822
.0696 | ek
.3913 ) 499
--------- l------._-
[}
36.87 | &.61
.007 f .208
L1739 | 308
.1739 4 .3e68
0.0 | 0.0
--------- '------~--
|
€3.65 1 13.7
0.0 i 0.0
.087 | .208
2609 | .45
.007 I .208

Older
Mean 1
......... |--_------
|
[}

30.21 | &.66

10.06 | 2.2

38.00 | 6.5%2

10.63 ) 3.%52

--------- {eeccccana
!
|

16.33 1 1.6}

186.9¢ 1 1.39

12.22 ) 1.17

13.76 | 1.22

10.78 | 1.26

11.00 1 1.69%

--------- '-.--.--.-
1
|

$9.53 1 8.9%
0.0 | 0.0
.10%3 1 .31
L1579 1 L37%
0.0 ! 0.0

--------- |---------
i

66.86 | 12.4%
.0526 | 229
1579 1,375
7360 | 652
3188 | 670

--------- |---------
]

60.89 | 7.55
0.0 1 0.0
0.0 1 0.0
L1053 1,318
0526 1| .229

......... ‘-----_--.
|

$6.05 | 9.73
0.0 | 0.0
0.0 ) 0.0
L1053 1 .18
.0526 t+ .229
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finger tap time
finger tap mirror
finger tap overflow
finger tap dysrythmias
finger tap sequence

finger seq time
finger seq mirror
finger seq overflow
finger seq dysrythmia
finger seq sequence

foot tap time

foot tap mirror
foot tap overflow
foot tap dysrytimia
foot tap sequence

heel/toe time
heel/toe mirror
heel/toe overflow
heel/toe dysrythmia
heel/tos sequence

finger tap time
finger tap mirror
finger tap overflow
finger tap dysrythmia
finger tap sequence

TABLE 6
{Continued)
--------- '.------.-
|
6.67 I 56.74
209 i 0.0
470 | -10%)
0.0 | 1053
0.0 [ 0.0
......... |----.-._-
|
16.% | 73,26
se | 1579
607 i €737
487 | 4737
499 | dese
--------- |.------.-
I
10.73 | 50.00
0.0 | 0.0
.209 I 0.0
.%07 [ .2105
0.0 | 0.0
......... |emecomann
|
20.26 ) 65.5)
.209 | 0.0
208 I .0%26
kIYY | 6316
669 | 3604
--------- .‘_-.-..-.
|
6.10 i 237.16
.209 | 0.0
.388 ! 0.0
. 209 | 0526
0.0 | 0.0
......... '------.-_
]

12.%2 | 53.74
0.0 [ 0.0
0.0 | 0.0
.209 | 0.0
0.0 | 0.0
......... |seerncca"
]

6.66 I 56.5%3
.209 | 0.0
.511 I .0526
.209 I .1053
0.0 | 0.0

159



160

TABLE ¢
(Continued)
---------- L R e AL LN R LR R R S R R R R DR KRl b
] ] ] [} [} )
R finger seq time I 77.60 | 36.36 1 60.9% | 15.98 | 1.70 |
R finger seq mirror 1 .31306 1 LD I .0%26 | 229 i 0.86 |
R finger seq overflow ] 6957 | 670 | 5709 | 507 | 0.77 1
R finger seq dysrytimia | 6522 | 487 | 3606 | 496 | 1.06 |
R finger seq sequence | 3063 | 470 } 210% | 619 | 0.68 |
------------ R R E e R N R R Rl R R R R e EE L L LR e R R
| | | | | |
Heel walk errors i 2.09 | .90 I 1.26 [ 991 | 2.02 | hd
Heel walk overflow R [ 5662 | 507 ] 2632 | 852 | 2.02 |
Heel walk overflow L | 5217 ¢ 511 1 3686 I 496 | 0.96 |
------------------------------ (R e el e B R R TR
| 1 | ' | [}
Toe walk Errors 1 .%217 1 [ 31] 1 1053 | 59 | 1.9¢ |
Toe walk overflow R I .007 | 208 I 1053 | 1% 1 0.20 )
Toe walk overflow L [ 2306 ! 64 ! 1053 | 318 ! 0.26 |}
----------------------------- R R R R R R R R LR e EEE R R
f [} | | | ]
8ide foot walk Exrors 1 1.5 ] 945 ! 1.00 I 1,00 ] 1.08
S8ide foot walk overflow R 1 5217 1 .51 I 1579 {1 .37% | 2.%58 | .
8ide foot walk overflow L | 6007 | £99 f 8211 | 507 | 1.20
------------------------------ IR R R R R R LR R R R Rl R R e
| | | | i |
Tandem walk forward Errors b L3678 1 .085 1 .0%26 | 229 t 1.5 1
Tandem walk backwards V1,57 I 1,08 t 5263 | 905 | 3.33 ) LA
------------ L LR R R L R N e A R R R R R i R
1 | | | i |
sustination posture time t 1.7 I 1.39 I 1.62 I 1.22 | 0.78 |
sustinstion posture fall | 8696 | k1Y ! 8621 | 375 | 0.2% |
sustination posture arms | 6368 ! 507 | 1579 | 3715 | 1.9 |
------------------------------ jr-ccccecelorrcccccclerecnccnn]rcmecercn]rrrrenroc|ecccnane.
| 1 | | ) |
sustination steadiness time | 0.0 | 0.0 | 1579 | 688 [ 1.10 |
sustination steadiness overflol 6763 | .51 [ 3158 1 .e70 | 1.06 |
sustinstion steadin time I .1306 | k1Y | 1579 | $01 | 0.21 1
------------------------------ R R R R A R R
CONSTRUCTIONAL ] [ [ [ ] |
1 [} | | [ |
Beery I 20.67 | 2.20 | 20.68 1 1.77 | 0.03 |
Beery-top 1 171.71 1 3.3 I 166.11 | 6.0% | 3.5 | bdd
------------------------------ [ R N R R R R R R RN R LR R
LANGUAGE I | | | 1 |
| [ | [ [} )
Token Test I 16.39 1 1.69 | 16.58 | 1.39 | $.33 | Lad
Boston Naming Test I 62.72 | 5.7 I 51.63 | &.50 | 2.2% |
------------------------------ (R R e Y e T EE D L LT
PRACTICE EFFECT | | ] | | |
] | | [ 1 |
Video Game I 127 I 1.16 I 1.62 I .902 1 0.5 |
| ] | 1



RAN color

RAN number
RAN objects
RAN letters

Purdue Pegboard R
Purdue Pegboard R
Purdue Pegboard L
Purdue Pegboard L
Purdue Pegboard B
Purdue Pegboard B

L heel/toe
L heel/toes
L heel/toe
L heel/toe
L heel/toe

time
mirror
overflow
dyarythmis

sequence

time
mirror
overflow
dysrythmia
sequence

time
mirror
overflow
dysrythmia
sequence

time
mirror
overflow
dysrythmia
sequence

TABLE 7

Comparison of Dyslexic and Younger
Readers on Ancillary Battery Tests

Dyslexic
Neoan ) 8D
--------- '----_----
|
|
30.87 | 6.30
26.60 | S.60
6.7¢ | 7.29
26.%2 1 7.%7
--------- '--~.-----
|
|
164.23 1 1.69%9
16.91 | 1.080
13.09 | 1.31
16.22 | 1.3
10.87 § 1.2%
11.26 | 1.62
--------- '.---..-.-
!
|
$1.52 | 11.64
.063% | .209
0.0 1 0.0
.6087 | 499
0.0 ! 0.0
--------- |--._.----
|
79.7¢ 1 14.11
06035 |+ ,209
2176 | &22
8696 | 366
L3913 1,699
--------- '--.-----~
|
38.87 | &.61
.087 | .208
1739 | .J608
1739 | .3e8
0.0 | 0.0
--------- |---------
[}
63.6%5 |1 13.77
0.0 | 0.0
.087 | .280
2609 | .65
087 | .208

Younger
Mean | ap
......... |-.-----_-
|
|
€6.92 | 10.1é
29.63 | 6.97
$9.29 | 15.87
29.93 1 7.4
......... {ceormcaaca
|
]
211.7: 1 1.82
12.92 1 2.10
10.66 |+ 1.28
11.% | 1.27
8.86 I 1.02
9.5 | 1.9
......... |--__-----
|
1
71.0 1 1b.14
0.0 | 0.0
1629 | 363
$0 | 519
2163 | 426
......... Jorrccmana
|
111,16 | 36.34
0716V L267
5716 ) .51
.92006 | 267
3571 1 .97
--------- |coeevercea
i
$3.21 | 12.16
L0716 V L267
L2163 | .826
3571 1 .e97
0.0 | 0.0
......... '---------
t
71.71 1 19.%53
0.0 I 0.0
2163 | 626
02086 | 514
.0736 1,267

- o o = P o T T - - S o - - -
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finger tap time
finger tsp mirror
finger tap overflow
finger tap dysrythmia
finger tap sequence

finger seq time
finger seq mirror
finger seq overflow
fingexr seq dysrythmia
finger seq sequence

foot tap
foot tap
foot tap
foot tap
foot tap

hesl/toe
hesl/toe
heel/toe
heel/toe
heel/toe

time
mirror
overflow
dysrythmia
sequence

time
mirror
overflow
dysrythmia
sequence

time
mirror
overflow
dysrythmia

sequence

finger tap time
finger tap mirror
finger tap overflow
finger tap dysrythmia
finger tap sequence

TABLE 7
{Continued)
--------- '---------
|
6.67 I 77.97
.209 ] 0.0
.670 b L7857
0.0 | .50
0.0 1 0.0
--------- '--------.
|
16.5¢ | 140.0
.388 I .4286
407 1 8571
687 [} 7057
699 I .2163
......... l--------.
|
10.73 | 63.36
0.0 | 0.0
209 i 0.0
.507 I .2163
0.0 ' 1629
......... '_-_.-----
|
20.26 ) 104.23
.209 | 0.0
288 i .50
36b I .9286
069 [} 2857
--------- |---..--.-
|
$.180 | &0.63
209 ] 0.0
Jee I .2163
.209 ' .2057
0.0 I 0.0
......... '..----_--
'

12.%2 | 64.15
0.0 L 0.0
0.0 | .3571
.209 | .2057
0.0 ) 0.0
--------- l--_------
|
6.66 1 70.00
.209 | 0.0
.511 | .50
.209 [} L3571
0.0 | 0.0

e
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R finger seq time
R finger seq mirror
R finger seq overflow

R finger se

sequence

Heel walk errors
Heel walk overflow R
Heel walk overflow L

i
[}
!
1
1
R finger seq dysrythmia |
|
|
i
|
|
|

Toe walk Errors
Toe walk overflow R
Toe walk overflow L

Side foot walk overflow R
Side foot walk overflow L

Tandem walk
Tandem walk

Sustination
Sustination
Sustination

Sustination
Sustination
Sustinstion

CONSTRUCTIONAL

Beery
Beery-top

Token Test

Boston Naming Test

PRACTICE EFFECT

Video Game

|
|
|
|
|
|
8ide foot walk Errors [
}
'
i
[}
[}
1

forward Errors
backwards

posture time
posture fall
posture arms

steadiness time
steadiness overflo
steadiness time

TABLE 7
{Continued)
......... '-----.---
|
16.3¢ | 137.0
366 | kYD
470 ' 1.0
487 | 9286
670 | .50
--------- '.--.--.--
|
.90 I 2.93
507 | 80571
511 | 8571
......... [P
|
898 I 1.086
208 1 8206
1YY | A5
......... '---------
J
965 1 2.57
511 [} 1.0
499 ] 9286
--------- |----_----
|
885 1 1.14
1.00 | 2.0
......... |--_.-----
|
1.39 I 1.36
36b | 785%7
507 | 1629
--------- |---------
|
0.0 | 0716
511 ] 8571
1Y | 2143
--------- '-------_-
[}
|
2.20 I 15.16
3.23 | 121.36
......... ‘---------
|
)

1.69 I 16.36
5.73 I 60.06
......... '---------
|
]

1.16 I 1.9
|

16)



RAN color
RAN number

RAN objects
']

RAN lett

Purdue Pegboard R
Purdue Pegboard R
Purdue Pegboard L
Purdue Pegboard L
Purdue Pegboard B
Purdue Pegboard B

L heel/toe
L heel/toe
L heel/toe
L hesl/tos
L heel/toe

time
mirror
overflow
dysrythmia

sequence

time
mirror
overflow
dysrythmia
sequence

time
mirror
overflow
dysrythmis
sequence

Comparison of Older and Younger

TABLE 8

Readers on Ancillary Battery Tests

Older
Mean | sD
--------- femono-a--
|
|
30.21 | &.66
10.06 | J3.32
30.00 1 6.%2
19.63 |} 3.%2
......... |_--------
|
I
16.33 1 1.8
16.96 + 1,39
12.22 V 1.17
13.76¢ 1V 1.22
10.7¢ 1 1.26
11.00 | 1,895
......... |.-.-.--..
|
|
49.53 | 8.95
0.0 | 0.0
.10%3 | 1%
1579 37%
0.0 | 0.0
......... '.-...-.._
]
66.06 | 12.45
.0%26 | .229
1579 | 375
7368 | NY-Y)
.319%8 1 .70
--------- |--------.
|
40.09 1 7.5%
0.0 I 0.0
0.0 i 0.0
.10%) | s
0%26 | .229
......... |--.--.-.-
|
$6.05 | 9.73
0.0 i 0.0
0.0 [ 0.0
L1083 1 .315
0%26 | .229

Younger
Mean |
......... |--.--_---
[
[}
6.92 1 10.1%
29.63 | 6.5%7
$56.29 | 15.87
29.93 7.465
......... '-.-.-----
1
|
11.73 1 1.82
12.92 1 2.10
10.66 | 1.26
11.5% ) 1.27
8.86 | 1.03
9.5% I 1.9
......... '__.-..--.
|
|
71.00 1 16.16
0.0 | 0.0
L1629 1 .36)
50 | 519
2163 | 026
......... ‘----.---.
|
111,16 1 6.3
0716 1 .267
$716 | 516
9286 | 267
%71 97
......... I--_--..--
[
$3.21 | 12.16
0716 | .267
2163 1 . 626
357y 1 .e97
0.0 | 0.0
......... |..._.----
|
71.71 1 19.%3
0.0 [ 0.0
2163 1 .626
6286 1| .51é
0716 | .267
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finger tap time
finger tap mirror
finger tap overflow
finger tap dysrythmia
finger tap sequence

finger seq time
fingexr seq mirror
finger seq overflow
finger seq dysrythmia
finger seq sequence

heel/toe
heel/toe
heel/toe
heel/toe
hesl/toe

time
mirror
overflow
dysrythmia
sequence

time
mirror
overflow
dysrythmia
sequence

finger tap time
finger tap mirror
finger tap overflow
finger tep dysrythmia
finger tap sequence

TARLE 8
(Comtinued)
--------- '---------
[

9.00 | Y
0.0 | 0.0
315 ] 7857
1% | .50
0.0 | 0.0
--------- '---------
I
17.01 | 140.0
0.375 | 6286
513 | 0571
$13 [} 7857
96 L} 216
--------- ‘_._---.-.
1
8.88 i 63.36
0.0 | 0.0
0.0 | 0.0
619 ] 23163
0.0 | 1629
......... '-----..--
1
13.7) 1 104.23
0.0 1 0.0
229 | .50
€96 | 9286
696 | 2057
--------- ._--.--_--
|
6.61 I 60,463
0.0 ) 0.0
0.0 [} 2163
.229 | 20857
0.0 ! 0.0
--------- l---.-----
'

9.53 1 64.1%
0.0 [ 0.0
0.0 | 3s”n
0.0 1 2057
0.0 ] 0.0
--------- '.-------.
|
9.22 1 70.00
0.0 | 0.0
.229 [ .50
.J1% [ 3571
0.0 | 0.0
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TABLE @
{Continuved)
----- L LR R L R et B R D R R et R L R R Ry Lk
[ ' | ) | |
R finger seq time I 60.9% 1 15.98 | 137.0 | 15.% | 11.¢8 | see
R finger seq mirror | 0826 | 229 | 3571 1 . &97 [ 2.1 )
R finger seq overflow I .%789 | $07 | 1.0 [ 0.0 | 3.09 | hd
R finger seq dysrythmia I .3686 | 496 | 9286 | .267 [ .17 1 .o
R finger seq sequence | 2105 | ®19 | 50 | 519 | 1.77
------------------------------ R R L L R A B R R e atl EELEE TR L R LR
| | | | | }
Heel walk errors I 1.26 | 991 I 2.93 1 267 [ 6.99 | ees
Heel walk overflow R | 2632 452 | 8571 | 363 | .06 | LR
Hesl walk overflow L 1 3686 | 896 | 0571 | 363 | 3.12 .
----------------------------- R e R R A A EEE R R K R et EEE L LR
| | I | | |
Toe walk Errors [ 1053 | 659 1 1.86 I 1.03 | 5.96 | LA A
Toe walk overflow R | 10%3 | 315 ] 4286 | 516 | 2.26 |
Toe walk overflow L | 1053 | 318 1 3571 .97 | 1.78 4
------------------------------ (R R e R e R R R
1 1 | 1 1 )
Side foot walk Errors 1 1.00 I 1.00 I 2.57 I .7%¢6 | $.93 | s
Side foot walk overflow R ] 1579 i 37% | 1.0 [ 0.0 | 8.30 | ees
Side foot walk overflow L | 6211 $07 | 9286 | .267 1 3.72 1 .o
------------------------------ R Gl R R R R R R A R R R R R
| | | | | |
Tandem walk forward Errors I .0526 | 229 I 1.14 1 1.29 | 3.12 .
Tandem walk backwards I .5263 1t 90% | 2.0 ] 786 | 6.09 | ses
------------------------------ R EEE R e e R R e R R R
I | ) ] | I
sustination posture time I 1.62 I 1.22 I 1.36 I 1.3 | 0.16 |
sustination posture fall | 8621 | .375 | 7857 | 626 | 0.40 |
sustination posture arms | 1579 | 375 | 1629 | .36) | 0.12 |
------------------------------ R R e EE AR LR R LR R R e A R TR
| 1 | I | |
sustination steadiness time I .1579 | .688 ] 0716 | 267 | 0.50 |
sustination steadiness overflol .3158 | 478 1 8571 ! 363 | 3.5% | se
sustination steadiness time | 1579 1 .501 | 2163 | €26 | 0.3¢ |
------------------------------ R e L R et R A R R L R LR LR R K ks
CONSTRUCTIONAL [ ] | | | |
| | ] | | |
Beery I 20.680 1 1.77 I 15.16¢ | 2.83 | 6.93 o
Beery-top I 166.11 t 6.0% | 121.36 | 17.67 | 9.19 | sess
---------------------------- f-=-eesreccfeccercccn|ececcrcrc|orccronrc|omecccccn|cerencne-
LANGUAGE | t i | | |
| f [ ] | |
Token Test I 18.58 1 1.39 I 16.36 | 2.3 | 3.13 | .
Boston Naming Test I %1.83 | &.50 | &0.86 | 3.7 ) 7.3% | sos
--------------------------- |e--r-vere]ecrccccce|rrecncrcc|rrrmmccen|rreccncen|orecenan-
PRACTICE EFFECT 1 | | | ] ]
| | | [ | ]
Video Game I 1.42 | .902 I 1.93 1 1.07 ] 1.68
| | I | |




TABLE 9

loulbutty of Experimsntal Measures Expressed
As the Mean for all 12 Angles*

Unimanual Left Right
Hand Hand
Mean Mean
Average Absolute Deviation . o1 o3
Path Length . 9 e
Tme T 97 les
Bimanual
Mean
Average Absolute Deviation . 9
Path Lemgth . 55
e T 52

SExpressed as Values of Cronbach's alpha
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For Average Absolute Deviation & Path Length
Under All Conditions for Each Group

UNIMANUAL
Left Hand
Right Hand

BIMANUAL
Unguided
Memory

TABLE 10

Pearson-R Correlations

Dyslexic

+ .67
¢ .00

+ .78
+ .7

o9
S8

Younger
.91 eee
.76 os»
.62 ¢
.09 e
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TABLE 11

Pearson-R Correlations
Between Experimental and Standardized Measures
for Normal Readers

LEFT HAND

L foot tap time

L heel/toe time

L hand pat time

L finger tap time

L finger sequence time
Beery

Spatial memory

Judge of line orientation
Boston Naming

Token Test

RIGHT HAND

R foot tap time

R heel/toe time

R hand pat time

R finger tap time

R finger seguence time
Beery

Spatial memory

Judge of line orientation
Boston Naming

Token Test

BIMANUAL/UNGUIDED

foot tap time
heel/toe time

hand pat time

finger tap time
finger segquence time
foot tap time
heel/toe time

hand pat time

finger tep time
finger sequence time
Beery

Spatial memory

Judge of line orientation
Boston Naming

Token Test

LR B b ok ol off ofl o

AAD

oo

et ot

A R A B A

.38
.09
.37
.22
.17
.23
.22
.35
.11
.18

.37
.25
.60
.35
.37
Y
.37
.39
.08
.18

.53
.60
.69
. &9
.36
L3
&7
.52
.68
.57
.70
.6
.39
.36
.22

9
L X 24
see
(1]
e
L X 13
L2 2
s

TIME

.35
.36

.38
.39
.52
.27
+ 39
.06
.15

[ S|
L4
w

[ T}
3
@

[ I I I |
.N
o
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For Average Absolute Deviation & Time
Under All Conditions for Each Group

| Dyslexnic [ Older
| |
UNIMANUAL | |
Left Hand | ¢ .58 oo I + .85 9o
Right Hand I+ .03 883 | + 04 o0
| [}
-------------------- |ecmmmcccacccnnjermcccrccacnan
BIMANUAL | [
Unguided  + .39 I ¢ .60 e
Memory | ¢ .73 8ss | &+ 9] e
Pearson-R Correlations
For Path Length & Time
Under All Conditions for Each Group
| Dyslexic | Older
| |
UNIMANUAL | |
Left Hand ) ¢ .79 888 | + 93 e
Right Hand I ¢ .85 ess | o+ 93 e
| |
-------------------- jemererrrerncccecjremrrecacceann
BIMANUAL [} |
Unguided I+ .15 I ¢+ .59 ®»
Memory I ¢ .49 e I+ .22

TABLE 12

Pearson-R Correlations

i Younger

|

|

I ¢ ,6) *°

[ A 1

|

' ..............
|

I+ .28

|

+ .08 ese

| Younger

|

|

I+ .62 ¢
1+ .3

[

l ..............
]

1+ .20

L}

4+ .79 ses



TABLE 13

Comparison of Unimanual Left and Right MHand Performance
Within Normal Reading Groups

OLDER SUBJECTS

Left

306.%5) : 108.30
Left

Mean i sD

935,25 1 20396

BT TS

'Iiif2§'£"';5f6;'

Right
i Mean | sD
| ess 1 1 15600
Vs s
}"'i;iﬁé'."iiiﬁ;;'
Right
I Mean | SD
\ eer.ee 1 24932
Ve T %
:"i;if;;'i"'§5f;;'

1.69 |
T
......... b oemenns

t | Prob
e T
o T
Tenee T



TABLE 14

Comparison of Older and Younger Normal Reading Oroups
on Left snd Right Hand Performance

172
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TABLE 15

Comparison of Bimanual Performence Under Visual Feedback
and Memory Conditjions Within Normal Reading Groups

YOUNGER SUBJECTS Unguided Memory
| Mean | SD | Mean | SD ' t I Prob
------------------------------ R T R el B b E il EECT LT E PRSP
Average Absolute Deviation ) 1716.56 | 1077.86 | 5089.66 | 3960.2 | 3.36 | oss

Path Length | 2.23 | 0.762 Il 2.29 1 1.00 0.23 |
Time 7 E"S?Q'.EE"."ISQ'.B]':."3;636'E"QSB'.L;':."'&';;":. """""
OLDER SUBJECTS Unguided Memory
| Mean | SD |  Mean ] SD f t | Prob
Average Absolute Deviation | 613.28 | 200.98 | 2027.33 1 1757.59 1 .60 1 ses
Path Length Ve T eae T T s U eles T
Tme 7 .:"553?5?{"&535".:"ia;f;;'i"i;if;i'.:“'iSZ"E """""
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TABLE 16

Comparison of Normal Reading Groups on
Bimanual, Visual Feedback Conditions

7/8 Year Olds 12/15 Year Olds
| Mean | 8D | Mean | SO | t ! Prodb
Averese Absolute Deviation | $117.16 | 2105.82 1 1936.e0 | 7045 1 3.75 1 es
Path Length V200 ) Thes ) T2ise 1 s 4 oize v T
Time E";E;ii;'E"is;i;;':";;;?;;'}"53;ﬁ35’:"'5'6;"5 """""
12/15 Year Olds 15/16 Year Olds
|  Mean 1 8D | Mean I sD I t { Prob
Average Absolute Deviation | 1936.6% | 470.45 | 1265.63 1 302.78 1 3.9 1 e
Path Length VT anee 0 e U Tl T e TV T T
Tme T E";ééféi'§"£5;f56'E"Z;;'Zi'i";68';5'{"'515;"£ """""



TABLE 17

Comparison of Left & Right Hand Performance
For Dyslexic Subjects

e Absclute Deviation

Left Right
Mean | 8D |  Mean ] sD
Tersien ) aem.es | wesien | 1e7.26
BT R TR E U By
Ty :."';Lﬁ’z;"."ii;'.;.i'i'";;'.L;'

17%
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TABLE 18

Comparison of Dyslexic and Age Matched Readers
On Left & Right Mend Performance

LEFT HAND
{ Mean | 8D | Mean | SD t t | Prob
Averese Absoiute Deviation 1 675,43 1 3em.66 1 785,85 1 193331 129 0
Path Length TS T R O RGP R
Tme T L 37511 e2s | 30u.53 1 10838 1 .38 1 en
------------------------------ I T Lt LR D B B DL EEP TR
RIGHT HAND
| Mean | 8D ! Mean | SD ' t 1 Prob
Average Absolute Deviation | ees.43 | 1e7.26 1 655.81 | 156.66 | w47 4 es
Path Length U e T e T e e T e
tme T {"iiQIli'{"'i;fi;'{"iéi'éé'E"iii'é&'i"ZT&E"'E"'ZCI'"'



TABLE 19

Comparison of Dyslexic and Young Readers
On Left & Right Hand Performance

LEFT MAND Dyslexic Younger

Younger
| sD
| 269.32
| a0z
| 72.99

177

|  Prodb

| .........
|

[ I,
[}
[
[}
[
{ Prob
|-cemacane
] (234
[
[
foecmmmnan
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TABLE 20

Comparison of Performance on Visual Feedback
And Memory Conditions for Dyslexic Subjects

110.55 | 7.28
--------- R L EE EETT Y ETREPEPT

65.95 | 362.70



TABLE 21
Comparison of Dyslexic and Younger Reading Groups

On Reversing the Direction of Hand Movements
During Memory Condition Trails

Frequency of Reversals

Dyslexics Youngers
[+] 13 3
1 3 1
2 2 0
3 2 1
o 0 2
) 0 0
6 0 1
7 ] 2
) 0 1
9 1 0
10 [} 0
11 o [+]
12 0 1
13 0 1

Dyslexic Younger



TABLE 22

Distribution of Subject According to the Pattern
Of Their Reversals that Occured in Unidirectional
Quadrants and Bidirectional Quadrants

DYSLEX1IC SUBJECTS
Unidirectional Bidirectionsl

Reversals Reversals N
1] 1 3
1] 2 2
(4] 3 1
1 2 1
S . 1
YOUNGER SUBJECTS
Unidirectional Bidirectionsl
Reversals Reversals N
[} k] 1
] . 2
1 H] 1
2 k) 3
2 [ 1 1
2 S 1
S 7 1
[ ? 1
1 [+] 1
Unidirectional Bidirectionsal
Mean sD Mean 8D t Prob
Dyslexics 0.7% 1.7% 2.00 1.07 3.03 L

Youngers 1.90 2.08 6.20 2.06 4.66 .
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TABLE 23

Distribution of Subjects According to the
Proportion of their Reversals that
Were Made by Each Hand

Proportion | Proportion | Olders ¢ Dyslexics
Left ' Right IN = 0 | 8
--------------- R R LDl R e R R R
[] i 1.00 1 0 | 6
.25 { .75 [} ] 1 ]

.31 | 69 1 0 | (1]

.50 | .50 | 0 t 1
.58 | NY) I 0 I (4]

.60 | .60 | 0 1 1]

.67 | 3 ] 0 | 1
.71 ] .29 i 0 { (/]

DYSLEXICS YOUNGERS
Mean 8D Mean 8D
Left 0.1% 0.28 0.50 0.26

Right 0.65 0.28 0.50 0.2¢6

~NW

.92

Youngers

-l b S s b b b

Prob
L]
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TABLE 24

Comparison of Dyslexic and Age Matched Readers
On The Bimanual Visual Feedback & Memory Conditions

UNGUIDED Dyslexic Older
|  Mean | sD | Mean | sD | t |  Prob
Average Absolute Devistion | 627.96 | 210,27 | 12.20 1 20098 1 23 4
Path Length VT e T T e e VT
Time 7 } 200035 1 65,95 | 33985 | 92,91 1 s.ae 1 eee
------------------------------ R el L T B B R EE RN BT PR E PP
MEMORY Dyslexic Older
| Mean | sp |  Mean I sD | t { Prob
Averaxe Absolute Devistion 1 207992 1 1687.10 1 2927.33 1 175795 1 o.00 0
Path Length I e U T e s T Tales T
time E"525?56'{"i;éf;;'{"iéé';i'i"i§if§§'!""i';;'i """""



TABLE 2%

Comparison of Dyslexic and Younger Readers
On The Bimanual Visual Feedback & Memory Conditions

Dyslexic Younger
| Mean | s t
(R TEED R et et EEPLETELE
)} 1716.56 1| 1077.06 3.73

|
I 379.5% 1 125.01

Dyslexic Younger
| Mean [ 8D | Mean | 8D | t
""""""" | 2079.32 1 1687.10 | 5089.66 1 2940.20 1 1.99
""""""" e U e e e e
""""""" .:";;;t;a‘.:";;a’;;'.:";;;:;;'.:";;.;';;'.:""a.';a'
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TABLE 26

The Mean Accuracy for Directionsl Deviation Sum
On All Angles under Visual Feedback
Conditions for the Older Reading Groups

UNGUIDED
Drift Older
Sign* Drift Mean S
1:1 Ratio Angles 2 | | . 67.13 1164.93
U R I 270,25 1130.84
B T 2357 1511.79
"'ii""i """ i""l """" 568.5¢  512.93
1:2 Ratio Angles 3 [ | - 72,42 885,30
RO R 556.55  1233.81
I R A 296.47  894.09
"'ié"";"i"i""i """" 160.97  $76.06
2:1 Ratioc Angles 1 [ I | . 5%3.99 1154.63
PR 20,61 938.91
A O A 191,33 #22.42
S A 679.98  458.73

*Sign of Deviation Sum when performance is drifting toward 1:1 ratio
of hand movement.



TABLE 27

The Mean Accurscy for Directional Deviation Sum
On All Angles under Visual Feedback
Conditions for the Dysleaic

Drift Unguided
8ign®*  Drift Mean sb
1:1 Ratio Angles 2 | ! * 12).17 766.27
P E .89 1101.8
T T TR e
"'ii""} """ E""Z """" 055.68  1268.66
1:2 Ratio Angles 3 [ | - $95.32 1345.07
T T T T T e T s
YTV YT 213,83 #07.18
"'18""5"3"3""1 """" 262.81  1106.49
2:1 Ratio Angles 1 I+ + 605.20 977.13
BERPU 20.09  1303.92
B S T 90,98 92643
'"'13""3"2"1"": """" 316,76 709.73

*Sign of Deviation Sum when performance is drifting toward 1:}
retio of hand movement.
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TABLE 28

The Mean Accurscy for Directional Deviation Sum
On All Angles under Visual Feedback
Conditions for the Younger Reading Groups

UNGUIDED
Drift Younger
Sign* Drift Nean sD
1:1 Ratio Angles 2 | ) - 04.18 1635.06
S R .13 2320.07
B R 606.00 108712
"'ii""{ """ {""l """" 050,32 3269.97
1:2 Ratio Angles 3 [ - 361.66 1292.31
Ty 766.73  2020.48
I O 1.87  2630.28
"'i&""{"i"i""I """" ss.22 747,03
2:1 Ratio Angles 1 [ | + 10046.24 2133.48
P 160099 257607
T 965.52  2921.52
"'55""{"2"{""3 """" 106.90  2209.65

s8ign of Deviation Sum when performsnce is drifting toward 1:1 ratio
of hand movement
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TABLE 29

The Mean Accurscy for Directional Deviation Sum
On All Angles under Memory Conditions
for the Older Reading Groups

MEMORY
Drift Older
Sign®* Drift Mean sD
1:1 Ratio Angles 2 [ [ + 60%.62 1928.56
R R 369.37 211299
S 1025.50  1320.30
“"ii""{ """ i"": """ 1052.47  2016.02
1:2 Ratio Angles 3 - - 2150.98 2392.41
PO R RO 2097.52  1691.97
R 208.00  3793.91
"'i&""{"i"{""I """ 1261.06  4737.90
2:1 Ratio Angles 1 [ | + $726.92 ©615.17
[P R R 385642 363140
T Ty 5015.58  4565.65
""ié""i":"i'"": """ 2597.47  2127.81

*Sign of Deviation Sum when performance is drifting toward 1:1 ratio
of hand movement.
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TABLE 30

The Mean Accuracy for Directional Devistion Sum
On All Angles under Memory Conditions
For the Dyslexic

Drift Nemory
Sign® Drifte Mean SO

1:1 Ratio Angles

1:2 Ratio Angles

2:1 Ratio Angles

sSign of Deviation Sum when performance is drifting toward 1:1 ratio
of hand movement.
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TABLE )1

The Mean Accuracy for Directional Deviation Sum
On All Angles under Memory Conditions
for the Younger Reading Groups

MEMORY
Drife Younger
Sign* Drift Mean , SD
1:1 Ratio Angles 2 [ [} + ©65.00 3679.57
U R A #75.06  2614.73
R R 69637 5759.97
"'ii""i """ i"": """ 2183.39 20684.90
1:2 Ratio Angles 3 - - 2306.31 6658, 68
O O 203.52  e247.35
R P A 0101.29 087085
"’{8""5"3"5""1 """" 256,40 5623.47
2:1 Retio Angles 1 [ | 4 3076.40 8095.27
B S 017.25  4279.87
R A 207738 6107.29
"’ii""i":"{"": """" 8,00 6717.93

ssSign of Devistion Sum when pérformance is drifting toward 1:1 ratio
of hand movement.



TABLE )2

Comparison of Older Reading Group Performance
On Angles Requiring Different Retioa of Hend Movement
With Visual Feedback

Averasge Absolute Deviation

Average Absolute Deviation

1:2
|  Mean | SD
| 699,20 1 30930
e TG
.:"S;;?;i'l:"iiéf;'
2:1
| Mean | 8D
| 570,99 1 163,66
Ve o
I 315.9% E---;;t;;-
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TABLE 33

Comparison of Dyslexic Group Performance
On Angles Requiring Different Ratios of Hand Movement
With Visual Feedback

1:1 1:2
| Mean | 8D | Mean [ sD | T | Prodb
Averate Absolute Deviavion | e83.56 | 122.29 1 766.98 1 420.73 1 3.08 1 ees
Path Lensth P R T R e
tme T i"i;i'Q;':"’;;'Qé'i"éiiiii'E"';ifi;'i"';f;i"{""i""
1:1 2:1
| Mean | sD i Mean I sp I T I Prob
ve Absolute Devistion | +83.56 | 12229 1 see.18 | 29372 1 1.8s 1
TS B YT A S P
3"1;;i33'i"';;is;'l"i;;i;;'i"';;TSL'E"'ii;a"i """""




TABLE 3¢

Comparison of Younger Resders Performance
On Angles Requiring Different Ratios of Hand Movement
With Visual Feedback

1:1 1:2
| Mean ' sp | Mean | sD |
Averase Absolute Deviation 1 1096.62 1 862.3% | 10ee.17 | 120806 |
Path Length Vi e T2 Tolee
time T i";Qi'ii'{";;iféé'{"Z&ifi&'{"i;§f;§'i
1:1 2:1
| NMean | sD |  Mean ! 8D |
Averase Absolute Devistion | 1696.62 | 842,36 | 1690.23 | 1188.66 |
Path Length VT Tese T2ze 1 Toleo
}1;;""""""""""""":"S;iﬁi;':"i;iﬁaé'E";;ET;S'E"QL;';;'E
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TABLE 35

arison of Older Reading Group Performance
On Angles Requiring Different Ratios of Hand Movement
Without Visua) Feedback

1:1 1:2
| Nean | SD | Mean | SD [
verass ovciuee bevistion 1 weon.d | aevaen | Givi e | reedh |
eon tenaen e et i e
Fina T e s e e
1:1 2:1
1 Mean | 8D i Mean | SD |
Rverape Rosoiute Daviation ) ion a6 | 13031 30 1 ik 39 )
Path Length I 1.6% | 0.%3 | 1.66 1 0.60 |
rwe T S 1T | e | e |
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TABLE 36

Comparison of Dyslexic Group Performance
On Angles Requiring Different Ratios of Hand Movement
Without Visual Feedback

1:1 1:2
| Mean | SD |  Mean | sb ] T | Prob
Averege Absolute Deviation | 1092.10 1 150516 | 353989 | 2053.56 | .76 | eee
Path Length P o e T N
tme T | 327079 1 112,00 1 360,82 1 des.en it aar 4T
------------------------------ e B LT T R e P TR e
1:1 2:1
| Mesn ] 8D ’I Mean | 8D | T | Prodb
Avarege Absolute Devistion | 1892.18 | 1585.16 | 292078 1 1029.86 | .32 1 sss
Path Length VT  ee ) e ey i T
Tame E"E;QT;;'E"il;ﬁl;'3"32;T3;'E"138T§1'}"'iﬁl;"} """""
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UPPER LEFT UPPER RIGHT

21

21

LOWER LEFT LOWER RIGHT

FIGme 1
SCHERATIC REPRESENTATION OF THE 12 ANGLES
REQUIRING 1:2, 151, 2:1 RATIO OF MAND MOVEMENT
STARTING [N EACH OF THE 4 SPATIAL QUADRAXTS.

X

GULOED CONDITION UNGUIDED COKDITION MENORY COMDITION

FIGURE 2
VISUAL FEEDBACK CONDITIONS



FIGURE 3
ANGLE #2, 8:10 YEAR OLD
ALTERNATING HAND MOVEMENTS

PIGURE 4.
ANGLE §1,.7:11 YRAR OLD
CORRECTIONS WITH VISUAL MONITORING
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FIOURE 5
ANGLE 83, 8:6 YRAR OLD
REVERSAL OF LEBFT HAND
VITH NO VISUAL PEEDBACK

PIGURE 6
ANGLE #3, 8:7 YBAR OLD
REVERSAL OF RIGHT HAMD
WITH NO VISUAL PEEDBACK
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..-’..‘

worn

FIGURE 7
ANGLE #3, 8:10 YEAR OLD
REVERSAL OF BOTH HANDS
WITH NO VISUAL FEEDBACK

FIGURE 8
ANGLE #3, 12:0 YEAR OLD
SIMULTANIOQUS HAND MOVEMENTS
WITH NO VISUAL FEEDBACK



FIGURE 9

DERIVATION OF + AND - SIGNS 199
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FIGURE 10 - NORMAL READERS
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FIGURE 11 - NORMAL READERS

" AGE EFFECT ON
UNIMANUAL SPEED
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FIGURE 12 - MORMAL READERS

'AGE EFFECT ON
BIMANUAL ACCURACY

AGE WITH UISUAL FEEDBACK
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FIGURE 13 - NORMAL READEES

" AGE EFFECT ON
BIMANUAL SPEED
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FIGURE 14 - HORMAL READERS

AGE EFFECT ON
BIMANUAL ACCURACY

AGE WITHOUT UISUAL FEEDBACK
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FIRURE 15 - HORMAL READERS

" AGE EFFECT ON
BIMANUAL SPEED

WITHOUT VISUAL FEEDBACK
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FIGURE 16 - DYSLEXICS & COMTROLS

AGE EFFECT ON
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FIGURE 17 - DYSLEXICS & CONTROLS
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FIGURE 18 - DYSLEXICS & CONTROLS

% OF RIGHT AND LEFT
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FIGURE 19 - DYSLEXICS & COMTROLS
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_-FIGURE 20 - DYSLEXICS & COHTROLS
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FIGURE 21 - DYSLEXICS & CONTROLS

"AGE EFFECT ON
BIMANUAL ACCURACY
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FIGURE 23 - DYSLEXICS & CONTROLS
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FIGURE 26 - DYSLEXICS & CONTROLS
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FIGURE 27 - DYSLEXICS & CONTROLE
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