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Abstract

UNIMANUAL AND BIMANUAL VI8UOMOTOR TRACKING 
BY DY8LBXIC AND NORMAL CHILDREN

by

Charlotta A. Tonalno 

Adviser: Professor Louis J. Gerstman

The purpose of this study is to examine the 
development of unimanual and bimanual motor skills of 
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 blstanual tasks and effects 
of direction 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 myalinization of the corpus callosum.

In Experiment I, (unimanual skill) subjects 
manipulated a joystick for visuomotor tracking on a 
computerised video game. Dyslexics were significantly
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superior in both accuracy and spaed to noiMl lOddOZB 
and demonstrated a significantly greater difference 
between right and left hand performance. In Experiment 
II, (bimanual skills) subjects simultaneously 
manipulated two potentiometer knobs on an Itch-a-Sketch 
like mechanism controllng the horizontal and vertical 
movement of the cursor on the computer monitor. The 
dyslexlcs 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 in 
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 their fine motor 
function. This conclusion argues that the differences 
between the dyslexic and age matched readers are in a 
perceptual superiority rather than a PCICiPtUll-ttPtQI 
del lcltncv.

Dyslexlcs were also compared to younger normal 
readers. Although the dyslexlcs performance was 
superior to younger readers in both experiments, 
arguing against intarhemispheric collaboration 
difficulties in dyslexia, a subgroup of dyslexlcs
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(8/23) displayed similar characteristics to the younger 
readers in the quality of their bimanual motor function 
which 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 POR THE STUDY

Specific AIm  of the Research

The proposed reseerch focuses on the developaent of 
fine motor skills in dyslexic and normal reeding boys. 
This includes both perceptuel motor skill in precise 
movement of eech hand separately end coordination of 
the two hands in unison, with end without the 
assistance of visual feedback. Examination of the 
development of bimanual skill in dyslexlcs, which 
requires the cooperative interaction of the right and 
left hemispheres through the corpus callosum, is a 
method for studying the relationship of 
interhemlspherlc cooperation to the acquisition of 
reading skills. Support for this swthod has been 
established since bilateral coactivation has been found 
to be deficient in three populations, partial 
commissurotomy patients (Prellowski, 1972), young 
children prior to the age of mylelinlsation of the 
corpus callosum (Pagard, 1985; Jeeves, 1988), and 
aeallosals (Jeeves, 1988).
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This study will Investigate the hypothesis that 
adolescents with poor reading ability are characterised 
by biannual motor skills below age expectancy and 
perform similarly to young children who have not as yet 
developed these skills due to incomplete neuronal 
development such as myelinisation of the corpus 
callosum. The specific alms of thla study are 
three-fold: Plrst, to demonstrate the validity of a 
computerired task in assessing unlmanual and bimanual 
fine motor and viauospatial 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.

t
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Questions balsad bv this Problem

1. Can the developmental acquisition of fins motor 
uni manual and binanual skills ba measured on a 
computerised task utilizing visual faadback and 
diffarantlata between norsal children between 7 and 16 
yaars of age?

2. Do reading disabled children differ frosi
age-matched normal readers in either fine motor control 
engaging the hands separately or in bimanual 
coordination?

3. Do the bimanual coordination skills of dyslexic 
children resemble those of younger, normal readers?
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Problaaa In the Aasessaant of Fine Motor Ik 111b

The problen addressed in this study is twofold. 
The first aspect is the developsMnt of a aethod for 
assessing fine aotor skill that is designed to be
ecologically relevant and can deal with soae of the
current assessaent lialtations encountered in clinical 
settings. Second, the availability of a aethod for 
assessing fine aotor, unlaanual and biannual skills 
would allow for the further understanding of the 
developaent of those skills in noraal children and the 
investigation of posslbla aotor deficits in research 
populations. Specifically, this study is concerned with 
the perceptual aotor difficulties or eye-hand probleas 
observed in developaentally dyslexic children 
(Critchley, 1970; Benton, 197S) and with obtaining 
aeasures of these ax>tor skills on a coaputerised task. 
It is argued that certain biannual coordination
deficits that are often observed in dyslexic
populations are due to isMature aaturation or 
inadequate developaent of either callosal pathways or 
the underlying neural systeas that transnit inforsatlon 
between the heaispheres. Further, it is suggested that 
a priaary difficulty lies in the callosal function of
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corollary Inhibition or the ability of tha hemispheres 
to aharo Information while ahlaldlng or inhibiting 
aotor irradiations or 'overflow', that is nacassary to 
sustain certain fine coordinative acts. Although the 
use of complex computerised equipment that is proposed 
here, limits the general availability of this 
assessment measure, it is expected that its high level 
of precision in measuring 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 problen 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 aotor 
coordination in dyslexics. It is clearly not possible 
to replicate the environments of daily living for 
research purposes. However, the proposed method in this 
study attempts to simulate aspects of real-life motor 
tasks by utilising 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 
places of objects, etc. and allows for obtaining 
swasures of both accuracy and speed. The use of sensory 
feedback or knowledge of results is, of course, an 
integral part of most flna motor tasks and thus argues
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for the laportance of utilising uiaiiMnt proceedures 
that include the uae of feedback.

Specific probleas in assessaent of aotor akilla 
include both the validity of the aaaaaaaent aeaaure for 
ita atatad purpose and the reliability of the 
asseasaent over tiae. for instance, subtle anoaalies in 
aotor developaent have been observed in dyslexic and 
learning disabled populations (Toaaino, 1966) and have 
been shown to be prevalent in populations with other 
signs of cerebral dysfunction (Mass, 1985; Tupper, 
1987). However, the question of the relevance of these 
signs of aotor dysfunction for the execution of fine 
aotor tasks in daily living raaains unclear. Halting 
the assessaents' prognostic utility. In addition, 
reliability difficulties in assessing spaed of 
parforaance have been described (Shaffer, 1963) and 
include such concerns as the affect of axaainer 
reaction tiae in starting and stopping the tialng 
aachanisa. Siailarly, problaas in assessing accuracy of 
aotor aovaaents include variability in clinical 
judgaaent and difficulty in establishing sufficiently 
high intaratar reliability.

fines a low correlation has generally bean found 
between abnoraalitles on clinical exaalnatlon of aotor 
skill and functional athletic ability (Denckla, 1985) 
it appears that often clinical findings cannot be used
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to extrapolate to real-life skills. Consequently, the 
use of s computerized sssessswnt am t hod which engsges 
very precise unieanuel end bimanual fine motor skill 
guided by visuel feedback is sn attempt to replicate 
some of the characteristics of real-life fine motor 
tasks while minimizing clinical reliability obstacles.
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Clinical Significant:* of Aaseaaaant of Motor Function

The clinical significance for asseasaent of fine 
aotor skill is a question of current debate (flzataari, 
1984), particularly in relation to the diagnostic 
iaplications. It is well established in the literature 
that aotor incoordination Bay be an indicator of 
cerebral dysfunction and has been associated with 
specific populations such as hyperactive children 
(Cantwell, 1977).

Motor incoordination has been the aost frequently 
found neurological sign (Verry, 1972) in hyperactive 
groups. Cluasy children have been of particular 
interest due to associations betwean behavior, learning 
probleas and poor aotor coordination (Valton, 1962; 
Oubbay, 1965). Of all neurological signs, aotor 
incoordination is the one aost frequently found in 
children with behavioral disorders and learning 
disabilities (Rutter, 1970; Nichols, 1980).

With regard to aotor incoordination that is 
specific to dyslexic populations, research findings 
suggest substantial clinical significance. Owen (1971) 
found poor alternating finger aoveaents and graphoaotor 
skills in design copying to be the priaary 
discriainators in screening an entire town of reading
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dilayid children, h m  sex, nor M l  reading siblings and 
i i m  age noiMl raadars. Similarly, Da nek la (1980) 
found dyalaxlca prior to 10 yaara of ago to have tha 
graataat difficulty on a u p  Miking teat whan compared 
to other learning dlaabled children and norMlly 
reading controla. One particularly difficult aapact of 
Interpreting theae findInga Ilea In the conalderable 
difference between theae motor tasks. In other words, 
graphomotor skill and u p  Miking rely heavily on 
vlauoapatlal ability to guide the fine and gross motor 
moveMnt. Alternatively, alternating finger movmnta 
are "driven" by motor prograM that engage a saquance 
of movaainta. Consequently, the underlying nature of 
the specific motor tasks M y  indicate differences in 
the etiology of the difficulty.

Since the presence of neurological soft signs are 
also frequently associated with Attention Deficit 
Disorder and behavioral difficultias, (SsatMri, 1984) 
and hava been found to be conspicuously absent In a 
subtype of Pure Dyslexia (Sysaws, 1972; Denckla, 1985) 
attention has turned to other Masures of motor 
function In the learning disabled populations. On motor 
examination of pure dyslexlcs who Mre screened for ADD 
(Denckla, 1985), spaed of repetitive and alternating 
sovaMnts Mrs not found to be particularly slow like 
the unscreened dyslexic group. Bather, pure dyslexlcs
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M i a  found to bo Castor than controls on sovaral tasks. 
Tha distinguishing charactaristics of tha dyslexic 
subjacts in this study was a tandancy toward a largo 
right>left difforonca. That is, tha tandancy of 
dysloxics was for aoveaents on tha laft sida to bo 
oxcossivoly slow coaparod to controls.

This finding is consistent with results reported 
by Badian (1977). On an alternating tapping task which 
also engages SK>tor prograas for repetitive alternating 
aoveaent of the hands but relies on auditory feedback 
froa a aatronoae, dyslexlcs were also found to have 
left hand inferiority when perforalng without feedback. 
Arguaents have been Bade that a left side slowing 
suggests a delay in intarheaispheric cooperation. Since 
aotor prograas for planned sequential aoveaent are 
thought to originate in the left heaisphere (Kiaura, 
1974), a slower left hand response, which is localised 
further away froa the origination of tha action in the 
central nervous systea, would be expected to be aost 
vulnerable in executing the task. Therefore, a slower 
left hand response say be caused by the Inefficient 
transfer of aotor prograas froa the left heaisphere to 
tha right heaisphere, directing the precise aoveaents 
of tha laft hand.

Wolff (1984), based on findings of deficient left 
hand aoveaent in an alternating tapping task, proposes
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that Motor tasks reflecting collaboration between tho 
hemispheres bast charactarlsa aotor anoamlles ralatad 
to reading fallura. In addition, a sarlas of studios 
(Prellowskl, 1972; Pagard, 1965; Jeeves, 1966) have 
demonstrated that a taak raqulrlng Intar Hob 
coordination discriminates between normal controls and 
commissurotomy patients, acollosals and young children 
prior to tha age of maturation of the corpus callosum 
and Is a method of assessing Interhemlspheric 
collaboration. Consequently, obtaining assessment 
measures of unlmanual and blmsnual motor function on a 
pure 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 computerised, fine motor assessment method. The first 
experlswnt will assess the unlmanual 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 Interhemlspherlc 
collaboration.

I
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CHAPTER II 

RBLAT8D LITERATURE

Reading Failure! Defining Dyslexia

Atti^ti to understand tha failure of b o m  children 
to develop the cognitively complex skill of reading has 
been the focus of research for ovar 90 years (Morgan, 
1896). Orton (1928) noted that children who exhibit 
severe reading problems often reversed letters and 
symbols. Me attributed this to competition between the 
hemispheres due to the fact that cerebral dominance had 
not been established. Orew (1956) proposed that 
selective reading disability was caused by a delay in 
development of the parietal lobe. Kinsbourne (1973) 
suggested that selective reading disability may be due 
to a developmental lag that is ultimately made good, 
but nonetheless does not allow the child to escape the 
reading failure and emotional resistances to reading 
which accompany failure.

Current thinking about dyslexia attempts to 
integrate the many studies on error patterns in reading 
and spelling, cognitive abilities, neurological
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abnoraalities, neuroanatoaical orqanlution and 
electrophyaiological differences <Banton, 1971). Thaory 
relating brain structures to specific aansory and 
cognitiva functiona (Lorla, 1990) haa facilitatad thia 
intagration. Tha diagnosla of HinlaMl Brain Dysfunction 
wax auch an atteapt to aaaociata acadeaic, cognitiva 
and naurological abnoraalitiaa (Danckla, 1978).

Dyalaxia la now conaidarad a hataroganaoua 
diaordar with nuaaroua aubtypaa idantifiad (Kinabourna, 
1963; Mattla, 1975; Bodar, 1973). Mallphant (1974), In 
hia raviaw of tha experiaental raaaarch litaratura on 
raading failure, diacuaaod avidanca of 20 diffarant 
cognitiva procaaaaa found to iapair raading. At that 
tiae, atudiaa axaaining tha cognitiva abilities of poor 
readera focused on the aany aspects of acuity and speed 
in visual perception, sound/ayabol associations, 
sequential processing and auditory/visual integration 
and such higher order processing as saaantic and 
syntactic features. Buch deaonstrations of the 
coaplexity of the skill of reading suggests the notion 
of aultiple etiologies for reading failure. However, 
current dyslexia raaaarch suggests that linguistic and 
phonological probleas are the aost frequent and aost 
influential cognitive deficits related to reading 
failure (Vellutino, 1978; Tallal, 1974; Volf, 1980; 
Budel, 1985).
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Motor Function and Dyslexia

As ths wide variability in tha cognitiva 
charactaristics which accoapany dyslaxia becaae a aeans 
of Identifying particular subtypas (Hattls, 1975; 
Danckla, 1970), aotor abnoraalities, oftan taraad 
naurological soft signs, also aaargad as ralatad to 
spacific laarning disabilitias. Since rasaarch findings 
on adults with locallsad lasions suggests that both 
skilled hand aoveaents and language processes are 
preferentially prograaaed in the laft cerebral 
heaisphera (Haaaond, 1902; Kiaura, 1977; Levy, 1973), 
aotor abnoraalities of dyslexlcs have been of interest 
(Annett, 1973).

Research studies exaaining neurological soft signs 
in poor readers have discussed five types of aotor 
abnoraalities: choreifora aoveaents, unusually
slow-rate of aoveaent, synkinesis or overflow aoveaent, 
airror aoveaents and dyspraxia. Choreifora aoveaents 
were initially dascribed by Prachtl (1962) as slightly 
jerky aoveaents which occur quite Irregularly and 
arhythalcally in fingers, hands, neck, head, aras, legs 
and feet. They are characterised by their sudden 
occurrence and short duration and have been found to
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correlate with complications of pregnancy, unrestrained 
behavior, classiness, poor concentration and reading 
failure. Prechtl proposed that impulses which are 
transmitted to the nervous system are rendered slightly 
false or Inadequate by these movements and affect the 
child's relationship to the environment. Most of these 
findings were replicated by Rutter (1966) and Volff 
(1966) but wars found to correlate with learning 
disabilities, not specifically with reading failure.

Assessment of the rate of fine motor movements 
requires determining the length of time to perform 
repetitive and alternating movement of the feet, hands 
ar.d fingers on a standardised battery of tasks while 
evaluating the quality and rhythmicity of the movement. 
Slowness in rate of repetitive and sequential movements 
have been found to correlate with reading failure. Owen 
(1971) found that poor rapid alternating finger 
movements were the sole finding distinguishing a 
developmentally reading disabled group from controls in 
a sample of the children from the entire town of Palo 
Alto, California. Similarly, Rudel (1965) reports 
significant slowing of repetitive movements in a group 
of dyslexic boys. There was also a greater difference 
between left and right sidad movements among the poor 
readers, with the left side movements much slower. 
Additional studies which employed measures of rate of
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aoveaent as well as other neurological soft signs havs 
also found an increased lncldanca aaong dyslexic and 
learning dlsablod populations (Paters, 1975; Adasa, 
1974; Nichols, 1981).

fynklnosls (also callsd assoclatad or overflow 
aoveaents) rafor to aotor Irradiations or aoveasnts 
that ars outsIds ths subject's awareness and accoapany, 
but are not necessary for the perforaance of an 
Intended action. Ixasplai of synkinesis would include 
aoveaent of the lips or aouth during execution of a 
fine aotor task with the hands or unconscious aoveaent 
of the fingers of the left hand while aanlpulatlng the 
fingers of the right hand, fuch overflow aoveaents 
decrease with age (Volff, 1993) but persist In children 
and adults with known neurological daasge (Woods, 1978; 
Mass, 1985). Dennis (1976) describes associated 
aoveaents in individuals with agenesis of the coropus 
callosua. She suggests froa this finding that the 
corpus callosua aight enhance the specificity of aotor 
cortex action by helping to suppress or inhibit 
superfluous aoveaents. Other studies (Kinsbourne, 1974, 
1982; Laxarus, 1987) likewise argue for on Inhibiting 
xole in the corpus callosua since the aaplitude of 
associated aoveaents dlainlshes with increasing age and 
«ylinatlon of callosal fibers. Although the tera 
inhibition Is not always used precisely In the
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litersture axHlnlnq functions of tho corpus callosua, 
It hss s nsurologicslly specific assning. On 
nsurologicsl exaa, inhibition indicstss ths prsvsntion 
of sxtrsnsous or unintsndsd aoveaents in insctivs body 
ports during sxecution of s psrticulsr intended 
aoveaent (i.e., preventing the right hsnd or foot froa 
aoving while topping with the left). Evidence of s 
possible relstionship between synkinesis end reeding 
failure is suggested in soae studies (Cohen, 1967; 
Ingrsa, 1970; Ssetaeri, 1994).

Overflow aoveaents ere distinguished froa airror 
aoveaents, which are characterised by involuntary 
awvaaents executed by one side of the body that exactly 
replicate a aoveaent on the other side of the body 
(Schott, 1981). Mirror aoveaents that predoainantly 
involve the hands, increase with the aaount of effort 
expended in the intended aoveaent and can be suppressed 
only partially. Mirror aoveaents hove not been 
associated with reading failure per se, but have been 
observed in the presence of neurological disorders 
which are congenital or acquired (Voods, 1978) and are 
eoaaonly observed in the early stages of developaent.

Finally, the tera dyspraxia is frequently used to 
describe ainor aotor abnorasllties. Since this is a 
general tera referring to lapalred coordination of 
aoveaent and not referring to a specific type of
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abnorMl Motor moveMnt its uoo M y  includo any of tho 
•oft signs previously discussed. Tho toras cluuy, 
uncoordinotod, dyspraxic oro froquontly used when 
describing dyslexic children. However, no causel or 
incidental relationship between soveiint characterised 
by these terM and dyslexia has been established 
(Benton, 1975).

Since reading is such a complex skill requiring 
both linguistic and visual-perceptual abilities, both 
hemispheres and involveMnt of sany regions within 
heaispheres are engaged. Oaddes (1980) points out that 
reading circuits in the brain are extreMly complex and 
emphasises "There are most likely as many types of 
•elective 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 
dyslexlcs.

Motor abnorMllties have been found to 
frequently accompany dyslexia, hyperactivity, poor 
concentration and behavior disorders. However, they 
were conspicuously absent in a Pure Dyslexia subtype 
identified by screening for all other abnorMllties 
(lymms and Kapoport, 1972). Subjects were screened for 
all other contributing deficits such as sensory 
impairMnt, history of chronic illness or serious
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accident, aalsuraa or any of tha pronatal or parinatal 
conditions relating to fatal anoxia and thus to 
neurological high risk. Subjects wars likewise acraanad 
for psychiatric, aocloacononlc and educational 
contributing factors.

Although tha distinction between specific subtypos 
anong dyslexlcs has boon trail established (Kinsbourne, 
1963; Mattls, 1975; Denckla, 1977; Bodar, 1973) little 
research is available on further describing tha 
distinct characteristics of these subtypes, 
particularly in relation to motor function. However, 
two studies do address this issue. The absence of notor 
abnornalities in Pure Dyslexia was first established by 
ByanMS and Rappaport (1972). One atudy (Denckla, 1985), 
examining motor function of Pure Dyslexlcs screened for 
ADD and other contributing abnorMllties, found 
dyslexlcs to be superior to norsals in apeed of 
repetitive and alternating moveMnts. The 
distinguishing characteristics of the dyslexic subjects 
In this study was a tendency toward a large right-left 
difference. That is, the tendency of dyslexlcs was for 
moveMnts on the left side to be excessively slow 
compared to controls.

Another study (Leslie, 1985) examining the 
mnlMnual and blMnual motor function of dyslexlcs on 
sequential fine sx>tor moveMnts on the Purdue Pegboard
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used a dyslexic subtype (Hattis, 197S) with naming 
difficulty. A finding of particularly poor left hand 
performance differentiates dyslexlcs (9 to 12 yrs old) 
from controls. Leslie found a difference only in the 
unlmanual condition and argues that this suggests 
problems in interhemlspheric collaboration to the 
extant that the left hemisphere controls fine manual 
dexterity and planned sequential action (Oeschwind, 
1975; Heilman, 1979; Kimura, 1977; Kimura, 1974). In 
other words, poor left hand performance might be due to 
inadequate transfer of left hemisphere motor programs 
to the right hemisphere for execution with the left 
hand. Alternative explanations like faulty right 
hemisphere functioning or faulty motor learning were 
ruled out.

This finding is consistent with Denckla's (1995) 
report 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 
hemisphere). Leslie further reports a difference 
between the groups on the pattern of correlations 
between the unlmanual and bimanual tasks. Prom this she 
argues that the groups employed different strategies in 
executing the tasks. Thus, her argument for differences
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in interhealspheric collaboration ia baaed on defining 
tha particular task denends, hare being sequential 
aotor aoveaent/ citing the literature indicating left 
heaiaphera specialization for planned sequential fine 
aotor action and the evidence of differencea ia 
perforaance and strategy in the dyslexic and control 
subjects.

Findings of such variability in the cognitive 
abilities and deficits of dyslexics support a 
aultipie-antecedent/ aultiple consequent aodel (Wiener 
and Croaer/ 1967) which assuaes that different 
antecedents or cognitive deficits will have different 
consequences such as unique error patterns. This study 
exaaines one ax>del of reading failure and argues for 
the necessity of efficient transaission through neural 
connections between and within heaispheres in tha braia 
in order to aaploy compensatory stills and integrate 
all the coaplex cognitive functions engaged in skilled 
reading.
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Laft H«iliPhtr« Modal of ttadlna Failure

Two prominent Models of developmental reading 
failure, the Left Heaisphere Model and the 
Interhemlspheric Collaboration Model, differ in what 
each regards as the hypothesised underlying neural 
dysfunction. The first, the Left Heaisphere Model, is 
based on evidence that both language processes and 
skilled hand aoveaents are preferentially prograaad in 
the left cerebral heaisphere (Haaaond, 1912; Kiaura, 
1977; Levy, 1973). Thus, this aodel relates reading 
failure to language disorders (Vellutino, 1979; 
Liberaan, 1976; Vogel, 1974; Rudel, 1985; Denckla, 
1976) and aotor defecits (Annett, 1973; Corkin, 1974; 
Rudel, 1985) attributed to the left heaisphere.

Poor readers have been found to have receptive and 
expressive language delays (Orton, 1937), iapalred word 
finding (Volf, 1980; Rudel, 1965) slowed autoaatised 
naming (Denckla, 1976), poor learning of verbal 
absurdities, phonic structure, syntax and seaantlc 
processing (Vellutino, 1978; Liberaan, 1976; Vogel, 
1974; Voller, 1976). Deficits in teaporal order 
perception (Senf, 1969; lakker, 1972* and slower rate 
of phonological dlscrialnation (Tallal, 1974) have also 
been related to the language impairment observed in 
dyslexic children.
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Motoc anoaalUs assoc la tad with language disorders 
have been demonstrated in Annett's finding (1973) of 
speed of foot soveeent being correlated with vocabulary 
and the poor performance of dyslexics on movement 
sequences (Corkin, 1974). Similarly, the findings froa 
studies suggesting poorer left hand performance in 
dyslexics (Leslie, 1915) and greater right-left 
differences in dyslexics (Rudel, 1969) demonstrate the 
importance of obtaining precise measures of speed and 
accuracy 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 unimenual motor function in 
pure dyslexic subjects have been Influential in the 
design of the first experimsnt testing unimanual motor 
coordination with visual feedback.

Interhemlsoheric Collaboration Model of leading Failure

The second, or Interhemispherlc Collaboration 
Model, suggests that reading is not strictly a left 
hemisphere function but requires collaboration of both 
hemispheres (Oassanlge, 1973; Myklebust, 1975). Other 
researches have speculated that delays in myallnation 
of the cerebral commissures (specifically the corpus 
callosum), may limit the ability of the Iwalsphares to
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Integrate Information necessary for reading, and aay 
account for one subtype of dyslexia (Evens, 1979; Blau, 
1977; Velett, 1910; Plroxxolo, 1979; Carmak, 1991). At 
present, not enough research data has bean replicated 
to support or rule out interhemlspheric Integration as 
a contributor to dyslexia.

Best (1985) reviews the related literature 
supporting this view and proposes a theoretical 
argument, the argues against the alexia-dyslexia 
analogy and criticises the logic underlying 
interpretations of findings of left hemisphere 
differences in dyslexia. Quoting Orton (1937) and 
Geshwlnd (1982), Gladstone and Best (1965) address the 
limits of the analogy between the adult alexlc and the 
developmentally dyslexic child.

"The primary difficulty with the analogy is that 
it ignores the word developmental in developmental 
dyslexia. It assumes an equivalence between the swture 
performance of an acquired skill and acquisition of 
that skill. This violates two important 
neuropsychological concepts: developmental plasticity
and the dynamic nature of neural activity."
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Peasanting evidence lor tha Interheaispherlc 
Collaboration Model, thay focus primarily on tha 
cognitive and neurological diffarancas between tha 
acquisition of a skill and tha perforasnce of tha skill 
ones it is acquirad as tha assantial arquaant for 
considarinq intashaaispharic collaboration to ba a 
proainant factor in dyslaxia. They usa Ooldbarq and 
Costa's (1981) aodal as ona possibla explanation for 
how coaplax coqnitiva skills ara acquirad and 
avantually lataralixad. In this ax>del, coaplax noval 
stiauli ara initially ancodad in tha right hsaisphara 
with a shift of knowledqa acquisition to tha laft 
haaisphara while building a linguistically codad 
descriptive systea.

"Within this aodal, reading acquisition, which 
aay ba viawad as tha iaposition of a noval visual code 
on an astablishad auditory-linguistic coda, would ba 
pradictad to show this right-to left-haaisphara shift. 
Ooldberg and Costa (1981) propose that a general right 
to laft shift occurs during tha acquisition of any 
skill. To aska tha arguaent specific to reading 
acquisition, written letters (orthography) would 
constitute abstract, Intrinsically aeanlngless 
visuospatial foras to a beginning reader. Perception of
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aeanlngless vlsuospatial figures typically shows a 
sight-haaisphara advantaga (e.g., Kiaura, 1966), 
whacaas parcaption of tha auditory-linguistic 
coaponants in spokan and writtan languaga (phonics) 
shows a laft-haaisphara bias (Kiaura, 1961). If 
Ooldbarg and Costa's ganaral arguasnt is corract, than 
tha aarly acquisition of reading skill would ba 
axpactad to raly haavily on coaaunication batwaan tha 
haaispharas, with dacraasad aaounts of collaboration 
nacassary as tha skill devalopad. For tha adult, 
reading would ba axpactad to show a laft-haaisphara 
advantaga because tha visual units hava bacosw faalliar 
syabols that ara linguistically coded. Consistent with 
these notions, Cordon and Caraon (1976) hava 
deaonstrated a shift froa rlght-to laft-haaisphara 
advantaga for a task that required learning naaas for 
unfaailiar visual syabols."

Further support for tha iaportanca of 
interhaulspheric collaboration in reading exists 
throughout tha neuropsychological literature. Oassaniga 
(1973) stated that reading is a process that requires 
tha transfer of inforaation between tha cerebral 
haaispharas and has suggested that soaa aspects of 
ainiaal brain dysfunction reflect problaas in tha
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•buttling of information between various specialised 
processing eantars in tha brain. Myklebuat (1975) also 
has suggastad that tha primary daficit of soma dyslaxic 
childran is impairment of tha ability of ona hamisphara 
to communicata with the other, raflectad cognitively by 
tha child's inabilty to convert verbal learning (laft 
hamisphara) into nonverbal form. Oassaniga (1973) 
posits that whan there is inadequate inhibition between 
the hemispheres, cerebral dominance and specialisation 
fail to develop and the response 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 right 
hemisphere is capable of displaying (Coltheart, 1993), 
Including the perception and production of spoken 
language and specific reading skills (Xaidel, 1962; 
Groves, 1981; Lassen, 1978), the Interhemispheric 
Collaboration Model holds that the collaboration of the 
two hemispheres through tha corpus callosum plays an 
essential role in the reading process.

To data this model is baaed on theoretical 
reasoning and nonreplicated experimental studies. 
Besearch studies focusing specifically on 
interhemispheric function related to reading have 
employed a variety of amthods in examining this model
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and th* sol* of th* corpus callosum in cognitive 
function.

On* s*xl*s of experiawnts focus** on 
lnt*ch*nisph*ric transfer in dyslexic subj*cts and is 
bas*d on Geschwind's conc*pt of
connection-disconnection. Th*y tar* designed to 
investigate th* hypoth*sls that developmental dyslaxla 
could b* attributed to interhemlspherlc transfer 
deficits (Rudel, 1974; Rudel, 1977; Vellutlno, 1979; 
Vellutlno, 1993; Broman, 1995). tudel (1974) looked at 
th* discsialnation and learning of Braill* 
configurations and found that perforamnce, responding 
"sane/diff*r*nt" while palpating th* Braill* 
configuratlon, was better using th* left hand of right 
handed normal children over 10 years of age. Vellutlno 
(1979) presented poor and norael readers with Chinese 
ideographs through tachistoscopic lssiges to one visual 
field. Th* ideographs were paired with common Bngllsh 
words for the children to learn. It was predicted that 
presentation to the sight hemisphere should 
discriminate between poos and normal rsaders if 
interhemlspheric transfer was inhibiting the reading 
process. This was not the case. Normal readars were 
better at learning th* word/symbol association in both 
conditions of right and left hemisphere presentation. 
Similarly, there was no indication of an
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interhemlspheric transfer deficit in poor readers with 
detection of simple dots presented to right and left 
visual fields (Vellutlno, 1993).

Four experiments by Rudel (Bromen, et. al., 1995) 
looked at manual reaction times to the simple stimuli 
of tones and dots. When presented to both hemispheres 
simultaneously, to Individual hemispheres and to the 
opposite hemisphere of the responding hand of normal 
and poor readers, bilateral prasantatlon yielded faster 
reectlon times. However, there was no consistent 
right-left difference or consistent superiority of the 
lntra-vs. Inter-hemispheric reaction times of either of 
the groups.

Subsequent experiments, steaming from this 
finding, were based on the possibility that simple tone 
and dot stimuli may be processed subcortlcally, and may 
be bypassing the cortical association areas Involved In 
reading. A similar study, using tachlstoscoplc 
prasantatlon of single letters, msasured reaction times 
and errors to stimuli presented on the same side as the 
responding band or the opposite side. Reaction times 
were not significantly longer for the poor readers 
group, nor did they make more errors In the crossed 
condition. However, poor readers were selectively 
faster and made more errors In the right hand 
condition. Thus, this serias of axperiments did not
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find evidence of interheaiepheric transfer doflcito In 
dyslexics.

In an intarhaalapharlc collaboration study by Maff 
(lilOf aha argues that "Studies ara naadad to focua on 
an ago rango that apana a pariod of yaara whan 
intarhaaispharic coaaMinication ability ia auppoaadly 
da va loping, and that axaainaa tha thraa known 
coaponanta of tha coaaunlcation procaaa (transfer, 
inhibition and ability to acraan out interference)." 
(p. 5) Sha utilizaa a croaa aactional coapariaon of 
noraal and poor raadara with flva tanka raqulring no 
languaga but engaging within haalaphara and batwoan 
haaiaphara procaaalng of perceptual, aotor and 
vlauoapatlal atiauli. Tha tanka included taxtura 
aatching (Galin, 1974), aotor control of flngar 
aovoaanta (Ray, 1941; Klnabourna, 1973), fingar 
localization (Oalin, 1974) and aaza learning. Tha 
axpactad parforaanca lncreaant with incraaalng aga waa 
found in tha noraal raadara, aga 3 to 11, looking at a 
ratio of crooned va. uncroaaad errors. Tha dyslexic 
children, aga 11 to 15, reaeabled younger noraal 
children in overall loval of correct response and in 
tha ratio of crossed to uncrossed errors. Parforaanca 
•f tha poor readers approxlaated that of tha noraal 
raadara who ware 4 to i years younger than theaselves
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and thowd iaprovesant with aq* within th* dyslexic 
qroup.

Sine* th* dyslexic deflcencies observed in 
nonverbal tasks were based on delayed interhaalspharic 
collaboration ability in execution of aotor function, 
she arques for th* importance of further study in 
deteraininq the role of this function in dyslexia. In 
addition, she arques for th* necessity of usinq a 
research desiqn with broader aqe ranqe and tasks 
specific to interheaiepheric transfer, classical 
inhibition and ability to screen out interference which 
say be aore readily observad in siapl* nonverbal tasks. 
The flndinqs in this study point to the difference 
between sinple interheaispherlc transfer of lnforastion 
in siapl* verbal tasks and th* aore complex functions 
required in interheaispherlc collaboration for 
execution of aotor tasks where qreater shleldinq and 
sharinq of lnforastion is required.

Such flndinqs on interheaispherlc function in 
dyslexia have also lad to examination of th* 
literature on th* role of th* corpus callosua in 
coqnitive function. The similarity of aotor 
deficiencies in bimanual synchronisation reported aaonq 
adults with surqical separation of the corpus callosua 
or callosal aqenesis (Dennis, 1976; Kreuter, 1972; 
Ferrlss, 1975; Xaidel, 1977) and subjects with raadinq
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failure (Klicpera, 1991) further supporta thia aodel. 
This lltaratura suggests that, under noraal conditions, 
tha callosal pathways say sarva to regulate tha aotor 
outflow nacassary for biaanual synchronisation whila 
inhibiting overflow aoveaents fros tha opposite 
haaisphara which would Intarfara with biaanual 
coordination. Siailarly, tha callosal pathways aay 
facilitate tha integration of tha aany coaplax 
cognitive functions required in reading.

Another sarias of axpariaants focuses 
specifically on tha biaanual coordination skills of 
dysloxics (Badian, 1977; Kllcpera, 19(1; Volff, 1985). 
On a biaanual, sequential tapping task (Volff, 1985), 
dyslexics were unable to aalntain a rhythalc aovaaant 
pattern whan the auditory feedback of a aetronoae was 
reaoved. At high speeds of aovaaant, adolescent, aale 
dyslexics exhibited greater overall variability in 
parforaanca and strayed further froa tha expected 2:1 
intaraanual ratio of aovaasnts which was paced by the 
aetronoae. Like the callostouy patients, they wars 
unable to sustain Independence in liab aoveaents 
without feedback. Difficulty in preventing the 
aoaantarily Inactive, non-loading hand (either right or 
laft) froa sx>ving In unison with the active, leading 
hand suggests deficient inhibition of overflow aovaaant 
through the corpus callosua. fince the dyslexic
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subjects coapared to noraal controls vara unabla to 
soatain this biaanual synchronlsad aovaaant, tha 
finding supports tha hypothasia of poor 
intarhaaiapharic collaboration aaong dyslexics.

Application of tha Intarhaaiapharic Collaboration 
Modal findings froa partial callootoay and acallosal 
subjects to tha biaanual difficultias obsarvad in 
dyslexics is liaitad by tha diffarancaa in tha nature 
of tha tasks parforaad and tha type of feedback 
available in each. In other words, both tha task of 
biaanual tapping to a aetronoae and biaanual 
aanlpulation of a crank pan plotter with visual 
feedback require synchronisation of the two hands and 
thus tha two haaispharas based on sensory faadbsck. 
However, tha diffarancaa between auditory and visual 
sensory feedback and tha two distinct aotor 
stipulations in tha tasks also aaans dlffarancas in 
which neural pathways ara engaged through tha corpus 
callosua. Consequently, these dlffarancas Halt 
Inferences which can ba drawn regarding coaparable 
neurophysiological function.



Biannual Skill Acouiaitlnn la Acalloaal. 
Co— l i m i otaav Sublecta and Moril Control*

Th* findings froa fouz studlas that analyse tha 
acquisition of biaanual aotor skills IPreilowski, 1972; 
Pagard, 1985; Gladstone, 1985; Jeeves, 1988) have been 
Influential In the design of the second experlaent In 
this study testing biaanual skill and the foraulatlon 
of these hypotheses. Three of these studies 
(Prellowski, 1972; Pagard, 1985; Jeeves, 1988) differ 
froa this design In two ways. Plrst, they analyse 
laproveaant In biaanual skills over repeated sessions 
of training where this study looks at perforaance on 
single trials. Second, they eaploy a biaanual task 
requiring aovaaant of the llabs In turning a crank with 
each hand and ara rather than turning knobs with the 
fingers. This difference In the type of task for 
acquisition of a biaanual aotor skill Is of particular 
significance because engageaent of th* entire llab and 
hand using gross aotor coordination have been found to 
be regulated by lpsllateral pathways of the pyraaldal 
tract (Brlnkaan, 1972; Sperry, 1988; Oeshwlnd, 1970) 
where fine aotor aoveaents of the distal ausculature of 
the fingers Is facilitated by contralateral pathways. 
All four of these studies tested subjects at different
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•9« ranges and no mntion la node In any of thaaa 
a tod las of acraaning subjects for ADD-IJyperaetivlty. 
• lnca children with ADD hava boon found to hava 
lncraasad overflow aoveaents (Denckla 1 9 1 % ) , this would 
be an iaportant variable to control In aatchad saaplas 
on studies where precision of biannual aotor awveaent 
Is aeasured.

Prellowski's (1975) results froa tasting adult 
partial callosal patients and adult noraal controls on 
biaanual coordination skills Indicate that initial 
phases of skill acquisition contain a variety of errors 
for all subjects, (i.e., turning la the wrong 
direction, with the wrong hand or at the wrong tiae). 
This Initial inconsistency in parforaanca led 
Prellowski (1977) to suggest that "froa the beginner's 
first few trials no lnforastion can be gained about 
specific sensory aotor aachanisas underlying the 
learning of a aotor skill". However, onca tha basic 
aovaaant pattern was asstarad, the priaary difficulty 
consisted in coordinating tha aovaaant of tha 2 liabs 
at tha correct rata for tha angle being traced or 
"angular velocity". Alternation of action of tha hands 
producing a stair step effect in the pathway being 
traced was typical of tha partial callosal patients but 
not of noraal control subjects. Progress in the 
acquisition of skill was aore rapid in controls. All
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subjects performed bsttsc with visual feedback. With 
500 trials of training, partial callosal subjects never 
reached the sane level of performance as controls 
despite no differences In initial performance and 
equally extended practice.

Without visual feedback, partial callosals drifted 
toward equivalent rate of movement of the 2 hands on 
angles requiring different rates of movement. The 
greetest difficulty was observed in treeing an angle et 
112.5' which required greater suppression of the action 
of the right hand in relation to faster action of the 
left hand. Conversely, performance improved at 157'
under the reversed conditions where suppression of the 
left hand was necessary in relation to the greeter 
action of the right hand. Prellowski reasoned that if 
the left hemisphere is dominant for motor programming, 
the predominant flow of inhibitory impulses through the 
commissures must be from the right hemisphere to the 
left. When the right hand must be slowed to coordinate 
with the faster movement of the left hand, the effects
of the partial commissurotomy can be seen in less
inhibition of movement and this explains the difference 
in performance on angles requiring different ratios of 
hand movement. (Mote: 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 ssparstion of ths corpus callosua doss 
not allow for suppression of irradiotions froa the 
right heaisphere and independent regulation of aovaaant 
in tha right hand.)

This shift towsrd equivalent rate of aoveaent 
which occurs when visual feedback is withdrawn was 
interpreted by Prellowski (1977) as reflecting the 
absence of aotor corollary outflow in subjects without 
Intact Interheaispherlc pathways through the corpus 
callosua. He contrasts the execution of the task with 
and without visual feedback by arguing that with visual 
feedback iasadiate inforaation to regulate the hands is 
available to both heaispheres. In contrast, without the 
visual feedback, he states, "In finely skilled 
coordination, however, they are handicapped since no 
direct exchange of lnforaetion is possible between the 
heaispheres," because "...iasadiate lnforastion froa 
the aoveaents of one hand is not available to the 
other hand." Consequently, Prellowski posits that the 
difference in perforaance of partial callosal subjects 
and norasls on this task suggests that the anterior 
coaaissures facilitate the interheaispherlc Interaction 
of aotor corollary outflow. Vlth this control aechanlsa 
ellalnoted, the partial callosal subjacts were forced 
to rely on slower visual and proprlocaptive feedback 
systeas.
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f«9«rd following tho aodel used by
Prellowski, tested noraal childron (7 yaar olds) and 
adults in tho acquisition of biannual aotor skills. 
Initial parforaanca ravaalad a siailar pattarn in tha 
stops for loarninq dascrlbad by Prallowskl with an 
initial difficulty in establishing tha aotor saquanca 
and than a tendency toward tha equivalent rata of 
aovaaant whan inappropriate to tha task. Bstablishlng a 
corroct, consistent aovaaant pattarn or aastering the 
angular velocity, which eliainated alternating hand 
aovaaant and directional errors, took longar for 
children than adults. Pagard dascrlbad errors related 
to angular velocity where the 2 hands aust aove at 
different rates. He described these errors as differing 
in kind froa "true alrror aoveaents" but suggests they 
are caused by autor irradiations affactlng tho fins 
tuning of aovaaant nacessary for precisa angular 
velocity in the children. This arguaant laplicates the 
laaature corpus callosua in tha childrens' infarior 
aastery of this lntarhaaispharic task.

Bquivalent rate aovaaant deaands (1:1 ratio), 
whera the hands aove in unison, characterised tha 
condition which produced the aost accurate parforaanca 
in both groups. Hoveaant of tha hands at different 
rates produced errors or drift in the direction toward 
equivalent aovaaant. Further, aastery of tracing an
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angle at 22' with giuttr aovaaant of tha eight hand 
than laft provad aora difficult than tho reverse at 87' 
for tha childran but not adult subjects. This finding 
ia tha ravaraa of Prlelowski's raaulta where tha 
greatest difficulty occurred on anqloa requiring 
graatar aovaaant of tha laft hand and inhibition of tha 
right hand.

Baaed on tha flndinga of Prellowski and Pagard, 
Jeeves (1998) questioned tha interhaalapharic capacity 
of € year olds to perforn a aiailar task in coaparlson 
to 10 year olds and adults because of their inconplete 
ayelinisation of tha corpus callosua. Subjects also 
racaivad training beyond that given in regard's study 
with 9 sessions of practice as coaparad to 4 sessions 
of practice given by Pagard.

Por adults and 10 year olds with visual feedback, 
tho angles requiring coordinated activity of tha two 
hands did not produce significant dlffarancas in 
parforaanca based on equivalent or different aovaaant 
constraints. However, tha € year olds showed 
significantly graatar deviation on angles that required 
different ratios of siaultanaous hand aoveaents but did 
not differ froa tha others when the hands aoved 
alternately or in exact unison. Thera was no difference 
in parforaanca based on greater activity of one hand in 
relation to the other. In contrast, Jeeves reports that
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•callosaIs also taatad (Jeeves, In praas) axhibltad 
significantly gzaataz difficulty suppzassing tha zight 
hand to coozdinata with tha gzaataz activity of the 
laft hand, zaplicating Pzeilowskl's finding with 
paztial coamissuzotomy subjects. Foz tha 6 yaaz olds, 
tha data suggasta tha zavazsa. Tha swan deviation when 
suppcasaing tha laft hand is gzaataz than when 
suppzassing tha zight hand, but tha diffazance is not 
statistically significant due to wide vaziability in 
tha saaple.

Bimanual Skill acquisition in Dvalaxlca

Following the zaasoning of Pzeilowskl and Fagazd, 
Oladstona (1905) utilized this modal foz 
intezhemisphezic collabozatlon in a study examining tha 
intezhamisphazic skills of dyslexic boys, questioning 
tho zola of intezhamisphazic integzation in zaadlng. 
All dyslexic aubjects ware selected to meat tha 
czitazion of an anomic subtype of dyslexia (Hattls, 
1975). Gladstone's design diffazad in savazal ways fzom 
tha othaz studies. Ha compazad aga matched dyslexic and 
nozmal zaadezs at 9 to 14 yaazs of age on a task 
slmilaz to that of Pzailowski and Fagazd. Howavaz, his 
appazatus only zaquizad use of tha flngezs to tuzn a
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knob rather than using tha antics llub to tucn a crank. 
In addition, Gladstona controllad for tha possibla 
influonca of Manual prafaranca in skill acquisition by 
varying tha control of horlsontal and vartlcal 
sovtaint of tha pan. That is, "Tha position of tha 
potantioaMtar controls vara countarbalancad so that the 
laft hand controlled the x axis for half of tha 
subjects In each group, and the left hand controlled 
the y axis for tha other half.” Angles vara traced in 
both tha upper right and upper left spatial quadrants 
which included tha angles used in both Preilovskl's and 
Pagard's designs. Data was collected on single session 
performance rather than repeated training sessions.

Mo differences were found in coaparing the 
perforaance of groups using one hand at a time on 
unimanual trials. However, when the two hands saved in 
unison, dyslexics were slower and/or lass accurate in 
biannual trials. These differences were found only on 
angles in the upper left quadrant where the two hands 
were required to turn in opposite directions 
(bidirectional) and were not exhibited on angles in the 
upper right quadrant where tracing required that the 
two hands turned in the saue direction 
(unidirectional). This finding was present under both 
visual and no visual feedback conditions.
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Gladstone further found that tha poorer 
parforaanca aaong tha dyslaxics was priaarily dua to 
tha function of tha loft hand. Specifically, ha raporta 
group diffarancaa where tha control subjects axhibit 
battar laft hand parforaanca on tha bidiractional 
anglaa aa coaparad to unidiractional anglaa. However, 
dyslaxics displayad poorar laft aa coaparad to thalr 
own right hand parforaanca on bidiractional anglaa. 
Also, whan visual faadback was reaoved, tha dyslaxics 
diffarad froa controls by fraquontly ravorsing tha 
diraction which tha loft hand had baan turning. This 
arror was novar obsarvad in tho ago astchad noraal 
controls and parsistad across trials dasplta knowlodga 
of raaulta.

Tha intarpratation of this uniqua tandancy of tha 
dyslaxics to ravarso tha diraction of tha laft hand 
raaains unclaar. Xn contrast to Prallowaki's stataaant 
that no inforaatlon can ba gainad froa tha subjacts 
first faw trials of practice, Oladstona posits that tha 
quality of arrors on initial trials of biaanual aator 
skill acquisition discriainatas batwaan dyslaxic and 
noraal raadara. Proa this finding, Oladstona suggasts 
that "a strong aovaaant prafaranca for unidiractional 
coaction of tha two hands axistad aaong tha iapairad 
raadara, and thay had difficulty inhibiting this 
tandancy” without tha usa of visual faadback. This
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difference between dyslexic end nor M l  controls In 
blMnusl coordination skills wes interpreted as a 
Mnifestation of deficient interheaispherlc 
coaaunicatlon. It is also consistent with the findings 
of Prellowski when partial coaalssurotoay subjects 
showed the greatest deficits on trials which 
preferentially relied on the input of the left hand.

Before interpretations of this finding based on 
neuroanatonical siailarlties or differences in the 
groups can be discussed, the influence of 
Mthodologlcal characteristics of the study aust be 
considered. Gladstone does not report whether the 
Mthod of controlling £or annual preference by having 
half of the subjects Mnlpulating the horisontal and 
vertical with opposite hands also Mant that only half 
of the subjects used the left hand to turn in a 
counterclockwise direction in the upper laft quadrant. 
If this were the Mthodology eaployed, it would 
represent another variable for consideration in 
interpreting the finding that nearly half of the 
dyslexic subjects reversed the direction of soveMnt of 
their left hand coaparad to no loss of direction aaong 
the controls. In other words, it raises the question of 
which group is Mking aost of the errors. Were the 
nearly half of the dyslexic saaple who side reversal 
errors all initially turning the left hand in the sane



44

direction before the vleuel feedbeck was removed? 
Siailarly, there Is no report of possible ege effects 
in the saaple. Since the ege of this population 
includes boys during the years when ayelinisation of 
the corpus callosua is coapleting (Yakolev, 1967), 
these reversels in direction of aoveasnt saiy be 
attributable to the chronologically or aaturationally 
younger dyslexic subjects. There is also no indication 
that subjects were screened for ADD/Hyperactivlty which 
aay account for greater overflow aoveaant in son* of 
the dyslexic subjects.

The siailarlty between the biaanual parforaanca of 
callostoay patients and dyslexic boys is striking, but 
these and other differences in the procedures used in 
these studies liait inferences regarding coaparable 
underlying neuropathology. Gladstone's study, for 
exaaple, required subjects to aanlpulate 1.5 aa knobs, 
engaging the use of distal ausculature only. In 
contrast, Preilowskl's callostoay patients were 
required to use gross aotor function engaging neural 
pathways for both distal and proxlswl auscles when 
turning the 6 aa crank handles. Such probleas with 
research aethods used to assess nx>tor function are a 
source of concern, particularly in relation to 
sensitivity of instruaents and reliability of findings 
(Shaffer, 1993; Szataari, 1984). In addition, none of
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thtit studies (Prellowski, 1972; Pagard, 1985; 
Oladstona, 1985; Jeeves, 1988) scraanad tha subjects 
for tha presence of Attention Deficit Disorder with 
Hyperactivity (ADD-H) which has bean found to ba
associated with a high incidence of aotor anoaalies 
involving slowed repetitive, seguential aoveaents and 
excessive overflow aovaaant (Denckla, 1978). These
aotor anoaalies have been found to discriainate
dyslexic groups with and without ADD-H (Denckla, 1985). 
Since the neural substrates responsible for these aotor 
anoaalies have not as yet been identified, it is 
possible that the findings of these studies aay be, in 
part attributable to the presence of ADD-H rather than 
dyslexia.

In order to address these concerns and further 
explore the developaental differences between dyslexic 
and noraal readers in aotor skill acguisition and the 
relationship between interheaispherlc collaboration and 
reading skill, the proposed study will utilize highly 
sensitive, coaputerized, biaanual and unlaanual aotor 
tasks which coapare perforaances of poor readers to two 
control groups of normal readers. One group will be 
age-aetched to the dyslexic subjects in order to test 
the developaental lag theory and one group will be 
younger and hence have Halted interheaispherlc 
collaboration ability. Having two noratal reader control
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groups oC different ages will help tease out affects of 
chronological age and actual maturational laval of tha 
brain and just where dyslaxics fit on this continuum in 
order to assess bismnual coordination skills both 
qualitatively and quantitatively. All subjects will be 
screened for ADD-H.
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Develop—  nt of Inf rheaispheric Collaboration 
la Moroal Children

Tha us* of a younger group of noraal raadara to 
d*aK>nstrat* Halted cooperation of th* two haaispharas 
la supported by tha developaental literature which 
suggests that increases in such parallel processing 
ability is correlated with Piagetian stages of 
cognitive developaent (Pascual-Leone, 1970). The work 
of Merola and Liederaan (1905) deaonstrates an increase 
in heaispheric independence between 10 and 12 years of 
age, the tiae of coapletion of ayelinisation of 
callosal fibers (Yakolev, 1967). Liederaan (1906) 
reasons that heaispheric collaboration requires the 
ability of the heaispheres to "share" or transfer 
lnforastion for coordination of siaultaneous processing 
of tasks while heaispheric independence allows the 
heaispheres to "shield" or suppress unwanted 
lnforastion froa the opposite healspher* for 
independent processing. A aarked decrease of overflow 
aoveaants in children during this age has bean well 
docuaented (Denckla, 1973; Wolff, 1903; Haggerty, 1905) 
and suggests that noraal physical saturation allows for 
such heaispheric cooperation.

Liederaan*s concept of Independent work stations 
in th* two heaispheres allowing for shielding and
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sharing rsprsssnts a higher ordar cognitive function 
bayond simple transfar and inhibition. As usad by 
Liederman (1986) shialding and sharing suggsst that tha 
two hemispheres hava a capacity to divlda attantlon 
batwaan two tasks. This maturational cognitlva 
achievemsnt has a nsurologlcal basis which is as yat 
unclaar and remains to ba axplorod (Danekla, 1986).

Tha model suggasts that tha two sidas of tha brain 
could sarva as indapandant cantars for information 
procassing. But tha developmental mechanisms for how 
thay slsNiltanaously cooparata and yat par form 
distingtly diffarant tasks is also largaly unknown. 
From a sarlas of axparimants Liadarman has proposed 
that intarhamispharic cooperation develops in three 
stages. In stage 1, from birth to age 3, there is a 
relative lack of coaaninication between hemispheres. The 
second stage, 3 to 10 years, is characterised by 
excessive or imprecise conmninicatlon between the 
hemispheres. 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. In stage 3, the 
relatively unique and independent capacities of the 
hemispheres begin to emerge and result in overall 
higher efficiency.
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Kinsbourn* (1988) applies such a sodtl to tha 
interpretation of Meff's (1966) finding that dyslexlcs 
exhibit interheaispherlc collaboration difficulties. 
Since the dyslexic* also had greater errors on within 
hemisphere tasks, Kinsbourn* argues for an 
interpretation of immaturity in the specificity of 
independent work stations both within and between 
hemispheres.

"Meurologlcally, perhaps both within and between 
cerebral representations of the hands, dyslexlcs have 
more difficulty in maintaining comparable levels of 
activation for separate central loci for purposes of a 
successive match, and more 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 selectiva 
callosal deficit, we should bear in mind that the 
corpus callosum is simply the largest of an extensive 
set of cortico-cortlcal connections. Maybe these 
connections contribute to rendering cognition specific 
and differentiated and perhaps it is in this rather 
general function that the reading-disabled children are 
In retard."
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Pollowlnq the zeaaoninq of Liedezaan and 
Klnabouzne, It ia axpactad In thia atudy that 1) 
younqaz nozaal zeadezs would not pzoduca coozdinated, 
aiaultaneoua aoveaenta bacauaa of a aoze Halted 
capacity foz ahazinq infozaation batwaan tha two 
hoaiaphazaa due to aqa. 2) daapita intact fine aotoz 
contzol, thia qualitative diffazenca in pazfozaanca ia 
axpactad with and without viaual feedback. 3) bacauaa 
of tha intazfazanca of ovezflow aoveaenta duo to the 
inability to fully auppzeaa unnacaaaazy infozaation 
fzoa tha oppoaite healapheze, tha younqaz childzan aza 
axpactad to exhibit quantitative diffazancoa in thaiz 
pazfozaanca aaan in tha pzaaanca of zavazaala and 
diapzopoztionate execution of diffazant hand aoveaenta. 
Thua, tha fine tuninq of ahialdinq and ahazinq of 
infozaation between tha hoaiaphazaa ia expected in the 
oldaz qzoup of nozaal zeadeza, but not tha younqaz 
qzoup.

It ia fuzthez axpactad that oldaz, pooz zeadeza, 
like tha younqaz nozaal zaadeza, will exhibit aiqna of 
deficient intazhaaiaphazic coopazatlon. Specifically, 
it is pzadictad that: 1) Oldaz pooz zeadoza will
execute a diapzopoztionate zatio of equivalent zata and 
unldizectional hand aoveaenta on anqlaa which zaquiza 
diffazant zata and bidlzectlonal aaveaent pattazna. 2) 
Daapita havinq intact fine aotoz contzol, thia
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qualitative difference in perforMnce la expected with 
and without visual feedback. 3) Older poor readers are 
expected to reverse the direction of hand moveMnts on 
trials where visual feedback is unavailable for 
monitorinq. Thus, the interhemispherlc skills of 
dyslexic boys are predicted to be similar to the 
younqer nor M l  readers, tuch a findinq would further 
establish a relationship between readinq failure and 
limited inter hemispheric cooperation seen in blMnual 
motor skills. Should there be no difference between the 
poor readers and the aqe-Mtched control qroup, it 
would suqqest that previous research findlnqs of 
deficient blMnual motor coordination in poor readers 
M y  be attributable to Mthodoloqical considerations or 
other factors found to correlate with these motor 
anoMlles such as ADD-H and behavioral disorders.
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III. THESIS STATEMENT 

The purposes of this study sre to:

1) Demonstrate the validity of s computerised task 
capable of assessing unlmanual and bimanual fine motor 
and
visuospatlal skills.

2) Examine the development of unlmanual and bimanual 
motor skills of normal children from 7 to • yrs of age 
and 12 to 16 yrs of age. Specifically, hypotheses were 
generated to examine the development of motor function 
as It relates to right/left differences, use of visual 
feedback or knowledge of results, affects of direction 
of overflow In bimanual tasks and effects of direction 
of hand movement In bimanual coordination.

3) Examine the development of unlmanual and bimanual 
motor skills of dyslexic children and compare their 
abilities with age matched and younger normal readers. 
The aim In tasting dyslexic subjects Is to focus on the 
development of the cooperative Interaction of the right 
and left hemispheres through the corpus callosum and 
the relationship of interhemispheric cooperation to the
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acquisition of rsading skills. Tho study will 
investigate hypotheses suggesting that adolescants with 
poor reading ability will be characterised by biannual 
b o tor skills below age expectancy and perform similarly 
to young children who have not as yet developed these 
skills due to incomplete neuronal development such as 
myellnlsation of the corpus callosum.

t
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IV. PRELIMINARY ATUDIB8

In order to address these concerns and further 
explore the relationship between interhemispherlc 
collaboration and reading skill, a pilot study was 
undertaken, utilising a highly sensitive, computerised 
apparatus to assess subjects' performance on unimanual 
and bimanual motor tasks discussed in detail in the 
Methodology Section. Pilot data was collected on two 
groups of children, both of whom had age appropriate 
reading skills. The first group consisted of seven 
children between the ages of 7:11 and 8:10, while 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 (Preilowski, 1972; 
Pagard, 1985; Jeeves, 1988; Llederman, 1985). Vhile no 
quantitative analysis of the data was done due to the 
small number of subjects performing on single trials, 
the younger children, like the callostomy patients, 
were found to be limited in their ability to execute 
siswiltaneous movements of the two hands. They tended to 
alternate between the right and left hands, producing a 
stairstep effect (Figure 3) despite accurate fine motor
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control »  oxhibltod by normal range performance on the 
Purdue Pegboard. On the baais of Pagard'a and 
Llederman's research, this finding suggests immature 
interhemispheric collaboration for the sharing of 
inforsmtlon in a simultaneous processing task.

Preguent 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 requiring a 2il or 1:2 
ratio 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 reversals (Figure 4). When 
visual feedback was removed at the midpoint, however, 
they continued the reversal of the right hand (Figure 
5), the left hand (Figure i) or both hands (Figure 7). 
The older children who were tested exhibited no 
difficulty in these skills (Figure I). Based on the 
current literature and these findings the following 
specific hypotheses have been formulated regarding the 
performance of the three subject groups under each of 
the conditions in the two experiments assessing 
unimsnual and bimanual akllls.
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CHAPTER V

HYPOTHESES FOB EXPERIMENTAL ASSESSMENT OP 
UNIMANUAL (EXPERIMENT I)

AMD
BIMANUAL (EXPERIMENT II)

PINE MOTOR SKILLS

Hypothim addzMilng qutitlona raised in tha 
literature and defined by the thesis of this study will 
be addressed here in relation to Experimant I 
evaluating the independent right and left hand fine 
motor skills of tha subjects (unimanual skilla) and the 
ability to coordlnata the fine motor skills of both 
hands simultaneously (bimanual skills) in Experiment 
II.

IIpiheI PsvtlPDtntal Kitcct t o z  Ixpsxlasttt-I
Unimanual Motor Skill

Hypothasea predicting performance on execution of 
unimanual, fina motor skills of normal raadara are 
based on the influence of lateralisation (right and 
left differences) and aga.
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Vlthin Group Contrast*

Ml: Sine* all subjects ar* right handed, It ia
predictad that both group* will par fora significantly 
bcttar in accuracy with tha use of tha right hand whan 
coapared to tha laft hand.

Betwaan Group Contrasts

H2: 8inca fina aotor skills hava baan found to
iaprove with aga (Gardnar, 1979), it is pradictad that 
an iaproveasnt in accuracy whan using tha right or laft 
hand will ba saan with aga aaong tha noraal raading 
groups.

Moraal Davalooaantal Bffaet for Bxoarlaant II
Bl— nuil MfltPI flfcill

Hypothases pradicting parforaanca on acquisition 
of biaanual aotor skill ara basad on tha rasults froa 
siailar studias by Fagard (1995) and Jaavas (1988). 
Nypothasas concarning acquisition of skill influancad 
by age, availability of visual feedback, and coaplexlty 
of task in syasMtrical and asyasMtrlcal hand aoveasnts 
ara tasted.
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Within Group Contrast

H3: Within each reading group it ia expected that
accuracy will be better in the ungulded, visual 
feedback condition than the memory, no visual feedback 
condition.

Between Group Contrast

H4: 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 group on the 
unguided, visual feedback condition and the memory, no 
visual feedback condition.

Mormal and Dyslexic Performance on Experiment I 
Unlmanual Motor Bklll

Within Group Contrast

H5: Since all subjects are right handed, it is
predicted that dyslexic subjects will perform 
significantly better in accuracy with the use of the 
right hand when compared to the left hand.
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M t m n  Group Contrast

H(: Thsrs will bs no dlfforsnco bstwssn tho
dyoloxlc and age-aatched noraal roadars on tho 
perforaance of tho right and loft hand soperatoly.

H7: Tho dysloxlcs will perfora aoro accuratoly with
tholr right and loft hand than tho children.

Moraal and Dyslexic Porforaonco on Kxnorlaont ,11 
Blaanual Motor Skill

Within Oroup Contrast

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

H9: Within the dyslexic and younger reading groups it 
is expected that soae subjects will loose the correct 
direction of hand aoveaent when visual feedback is 
reaoved (Gladstone, 1985).

H10: It is expected that loss of direction of hand 
aoveaent aaong dyslexic and younger readers will be 
attributable to bidirectional aoveaent of the left hand 
(Gladstone, 1985).
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latvaan Oroup Contrast

Bacauaa of tha naad for intarhaaispharic 
collaboration in tha biannual task (Pagard, 1985) and 
tha avidance for difficulty in biannual taaka in 
dyalaxica (Kllcpara, 1)11), it is axpactad that!

Hll: Tha aga-aatchad raading group will parfora aora
accurataly than tha dyalaxic group on tha unguidad 
viauall faadback condition and aaaory condition.

M12: Thara will ba no tfiffaranca batvaan tha
parforaanca of tha dyalaxica and tha childran on tha 
unguidad visual faadback condition and tha aaaory, no 
visual faadback condition.
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CHAPTER III 

METHODOLOGY 

lu hJ ict i

Three groups of right-handed, aiddle class salts 
with noras1 intelligence wars tsstsd. Tha thraa subjact 
groups consistad of: 1 ) 14 noras1 raadars between tha 
ages of 7:0 and 6:11; 2) 19 noraal raadars batwaan tha 
ages of 12:0 and 16:11; and 3) 23 poor raadars batwaan 
tha agas of 12:0 and 16:11. Moraal raadars ware 
students in the White Plains Public School Systea. Poor 
readers wars students attending tha Kildonan School in 
Aaenia, M.Y., which is a private school for dyslexic 
boys. Parental consent for participation in this study 
was obtained for each subjact (Appendix A, B) with tha 
assistance of tha school adainistration. Tha schools 
screened files in order to identify students who aat 
tha saaple criteria. They than forwardad to tha parents 
of these students, letters requesting thair son's 
participation with a paraission fora for tha parents to 
sign and return. Proa tha 1/3 of tha consent foras 
returned, tha study saaple was selected.
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gaaplt CiUiilon-- 
Dyslexic Subjects

Age - 12 to IS
IQ - Pull Scele above 90
Block Design - 7 or above
Reading - Myklebust Ouotient Belov 15
Attention - Hyperactivity Index belov 1.5
Laterality - Right Handed# 7 out of 11 on the RHB88
History - Ho relevant aedical# neurological or

psychiatric history with aaple social and 
educational opportunity.

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

Spatial Perception and Meaory - Benton Judgeaent of
Line Orientation score within 1 SD of noraal 
and Benton Spatial Meaory score average or 
above.

Mo adopted children.

Age - 12 to IS
IQ - Cognitive Ability Test above 95 on verbal a 

nonverbal subtests 
Block Design - 7 or above 
Reading - Myklebust Quotient above 95
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Attention - Hyperactivity Index below 1.5 
Laterality - Right Handed, 7 out of 11 iteas on the 

RNE8S
Hiatory - Mo relevant aedical, naurological or

paychiatric history with aspla social and 
aducational opportunity.

Viaual Acuity - Mo uncorrected visual acuity deficits. 
Spatial Perception and Meaory - Benton Judgenant of 

Line Orientation score within 1 SD of 
nornal and Benton Spatial Mentory average 
range or above.

Mo adopted children.

Younger Moraal Reading Subjects 

Age - 7 to 8
10 - VI8C-R, Vocabulary 10 or above 
Block Oeslgn - 7 or above 
Readlag - Myklebust Quotient above 95 
Attention - Hyperactivity Index below 1.5 
Laterality - Right Handed, 7 out of 11 iteas on the 

RHBSS
Hiatory - Mo ralevant aedical, naurological or

psychiatric history with aaple social and 
educational opportunity.

Visual Acuity - Mo uncorrected visual acuity deficits.
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Spatial Parcaptlon and Maory - Ban ton Judgement of
Lina Oriantation within 1 SD of Normal and 
Benton Spatial Memory score avaraga or 
abova. 

tfta adoptad childran.

Bxcluslon critaria for all thraa subjact groups ara 
llstad abova. In addition, childran with a history of 
naurological Impairment, such as haad trauaa, salzura 
activity, ate., psychiatric illnass, usa of 
psychotropic medication, medical illnass which limits 
■otor coordination, lack of aducational opportunity or 
uncorractad visual acuity deficits wars excluded. 
Adequate visual-spatial perception was determined by 
scores within 1 standard deviation on tha Judgement of 
Lina Oriantation Test while adequate spatial memory was 
established by avaraga or abova scores on Benton 
Spatial Memory Test. Poor vs. normal reading ability 
was established using tha Myklebust quotient 1(2 x 
reading age)/mental aga plus chronological age)l using 
tha reading aga from tha Plat Word Recognition Test. 
Children whose Myklebust quotients were below 05 are 
considered to be poor readers while normal readers 
achieve scores greater than 95.
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Pot tha purposes of this study, dyslsxics srs 
dsflnsd as boys who have adequate educational 
opportunity with no known neurological, Intellectual, 
psychiatric or perceptual disorders, yet deaanstrate a 
significant deficit In their ability to Identify words 
when coapared to age and XQ- Batched control subjects. 
Thia definition la taken froa the Vorld Federation of 
Neurology (Federal Register, 1976).

Screening Battery and Ancillary Battery:

The following testa were need for saaple selection 
and descriptive characteristics of the saaple:

Intelligence: Dyslexlcs - VI8C-R
Older Noraal Controls - Cognitive Abilities Test, 
WISC-R Vocabulary and Block Design
Younger Norsal Controls - Cognitive Abilities Test, 
VISC-R Vocabulary and Block Design.

Reading: Fiat Vord Recognition, Plat Reading
Coaprehension, Woodcock/Johnson Vord Attack, Myklebust 
Quotient.

Motor: Revised Neurological Bxaaination of Subtle Signs 
(RNB8 8 ), Purdue Fegboard.

Graphoaotor: Beery, Maze Speed, Pencil Bxcuxsion.
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Attention: Connors Parent Ratings, Conners Teacher
Ratings.

Language: Rapid Automatised Naming Test, Boston Naming 
Test, Token Test.

Spatial: Benton Spatial Memory, Benton Judgement of 
Line Orientation Test.

History: Parents were asked to complete a questionnaire 
on their child's medical, neurological and psychiatric 
history (see Appendix C for test forms).

Apparatus

A standard Apple lie computer was used to collect 
the experimental data. For Bxperlment I, a Kraft 
829-001 joystick controls the movement of the cursor in 
the unimsnual condition to obtain separate measures of 
skill for the right and left hand. For Bxperlment II, 
the computer was controlled by two, three-turn 
potentlosMters, which are 3/4 inch in diameter and 
provide the apparatus for moving the cursor In the 
bimanual condition, requiring the use of both hands. An 
electrical switch device allows for alternating between 
the two apparatuaes. Por bimanual testing, turning of 
the left potentiometer regulates vertical movements of 
the cursor while turning of the right potentiometer
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Hfalatti horizontal zovcMnta of tha cursor. 
Consequently, siaultaneous sovtstnt of ths two knobs 
allowed ths subject to also stssr ths cursor through 
diagonal pathways displayed on ths scrssn. A coaputer 
prograa, capable of saapling aoveaent of the cursor (0 

tlaes per second, tracks and records the cursor's 
aoveaent. Designing and building the equipaent, writing 
the coaputer prograa and conducting
validity/reliability studies to regulate 1 ) the tiaing 
and accuracy of the stiauli presentation 2 ) precision 
in recording and storing of responses were coapleted 
over a two year period in conjunction with the Graduate 
Coaputer Science Departaent of the City University of 
Mew York.

fit l u l l

Visual stiauli are the saae for Experiaent I and 
Experiaent XI. Testing consists of tracing a series of 
single pathways which are randoaly presented by the 
coaputer prograa. In each experiaent the subject is 
presented with the saae 12 angles (Figure 1). Three of 
the 12 angles are traced starting in each of the four 
spatial quadrants. The orientation of these pathways 
was selected in order to require a ratio of left to 
right hand aoveaents of 2 :1, 1 :1, 1:2 when perforaed in 
the biannual condition as subjects are turning the
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potentiometers. Thus, all possible combinations of 
clockwise and counterclockwise hand movements ara 
tastad.

In Experiment II, tracing of ona of tha four 1:1 
ratio angles will ba randomly salactad to ba tracad as 
a practice trial. Tha practice trial contains a guiding 
line at tha canter of tha path (Guided Condition) and 
is used to train tha subjects in tha use of tha 
equipment (Figure 2). Than tha 12 paths ara presented 
in the unguidad condition of visual faadback, which 
consists of tha same pathways without tha guiding line 
identifying tha exact canter of tha pathway. Finally, 
tracing of tha angles is repeated with decreasing 
visual feedback (Memory Condition). Tha no visual 
faadback condition is also without tha guiding canter 
line and after completing 1/2 of tracing tha path, the 
cursor autosmtically disappears, requiring tho subjact 
to trace tha pathway totally from ammory.

glflfiifluil

Subjects ware tastad individually in a quiet, 
domed room in their schools. In all cases, no other 
parson was present during tasting. They wars seated at 
tha computer in a chair which is adjusted for height 
and viewing of the computer screen. The control 
equipment was beneath a covering which prevented
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subjects froa viewing their hands and liaited visual 
faadback to aoveaent of the cursor on tha coaputer 
screen.

All subjects vara given tha following Instructions 
in both Bxperihent I and Bxparlaant II. "The object of 
tha task is for you to aove tha cursor froa one and of 
tha pathway to tha other staying as close to tha canter 
of tha pathway as you can. It is iaportant to go as 
quickly as you can, but it is aore iaportant to stay as 
close to tha canter of tha pathway as you can.*

Trials froa Bxparlaant I and Bxparlaant II were 
alternated in order to provide diversity in tha tasks 
and to aalntain tha highest possible level of 
attention, interest and aotivatlon. Tasting was begun 
with tha execution of tha practice trial which was 
followed by tracing tha 12 angles in tha biannual, 
unguidad condition. Subjects ware than asked to trace 
tha saae unguidad angles by using one hand with tha 
joystick. All subjects wars required to asnipulata tha 
joystick with a panel1-1 ike grip using the thuab and 
first two fingers. Subjects were alternated in teras of 
which hand was tested first in Bxperiaent I in order to 
counterbalance any advantages that aight accrue froa 
priaacy of usage.

After coapleting the uniaanual testing, the 
subjects returned to using both hands to coaplete the
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Maoiy condition. All subjects war* 9 Ivan tb* following 
instructions: "You ara now going to trac* the atM 
anglaa which you completed aarllac but thia time 
something different ia going to happen. Vhen the curaor 
reechea the halfway point (demonstrated by identifying 
the apot on the screen), it will diaappear. Vhen it 
does, I want you to stop until I dim the screen 
(demonstrated) and then continue turning the knobs to 
finish tracing the pathway froa aaaory."

Vhen the subjects atop at the aidpoint, the 
exaalner lowered the brightness of the screen so all 
visual atiauli disappeared. This precaution was taken 
to avoid having the subjects obtain any further visual 
feedback. A source of feedback is possible since 
individual pixels which outline the pathway on the 
screen disappear when the cursor crosses over then. 
Consequently, if the cursor were to go out of the 
pathway, a pixel would disappear at that point, 
identifying 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 IV 
RESULTS

Tha purpoaas of this study ware to 1) Daaonstrate 
tha validity of a coaputerixed task capable of 
assessing uniaanual and biannual fine aotor and 
visuospatial skills 2 ) Exaalne the davalopawnt of 
uniaanual and blMnual aotor skills by comparing tho 
parforaanca of noraal childran froa 7 to 8 yrs of aga 
and 12 to 18 yrs of age 3) Exaaina tha developaent of 
uniaanual and biannual aotor skills of dyslexic 
childran and coapara thalr abilities with aga Batched 
and younger noraal raadars.

This chapter presents tha results of statistical 
analyses conducted to satisfy the abova purposes. A 
general discussion of the results and their 
iaplicatlons is found in Chapter V.

Chapter IV is organised into the following 
sections:

A. Method for Scoring Raw Data: Creation of 
Experlaental Measures
B. Total Bxperiaental Data
C. Saguence of Data Analysis
D. Group Diffarences on Scraenlng Battery and Ancillary 
Battary
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B. Reliability/Validity Studies of experimental 
Heesures
P. Normal Developmental Sffect for Bxperlment I 
Unimanual Motor Skill
0. Normal Developmental Bffect for Bxperlment II 
Bimanual Motor Skill
H. Normal and Dyslexic Performance in Bxperlment I 
Unlmanual Motor Skllla
1. Normal and Dyslexic Performance in Bxperlment II 
Bimanual Motor Skills
J. Normal and Dyslexic Performance on Acquisition of 
Angular Velocity.

Method fox Scoring Raw Data:
Creation of Bxoarlmantal Measures

experimental data for each subject w i  stored on 
an individual floppy disk. The original data conslated 
of recording a sampling of the movement of the cursor 
on the screen 60 times every second and aaving those 
locations on the disk. Computer programs were written 
in order to reproduce on the screen the original line 
produced by the subject and in order 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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•coring 1> coapleted vhin the cursor p m m i  boyond th« 
ftrlatttr of tho clrclo forMed by connecting the 
outoratost points of each of tho 12 anglos (soo Figure 
1). In tho lntorost of obtaining tho Most accurate 
Measure of tlMO and In ordor to corroct for tho 
variability aaong subjects, tho prograa subtracts tho 
•Mount of t1mo for pausing at tho Midpoint on each of 
tho 12 MCMory condition trials from the total tlMO for 
tho trial. SlMllarly, since tho subjects only have 
visual feedback during the last half of each trial In 
tho MOMory condition, scores aro generated -for the 
first and last half of each trial separately as veil as 
a score for the total of each trial.

The following experlMental Measures are calculated for 
each of the Individual trials:

1. DBVIATIOM SUM (DS) - The SMOunt, In pixels and 
direction of deviation In accuracy of the plotted line 
coMpared to the target line coMputed relative to point 
0.0 (upper left quadrant).

**. AVSRAO* ABSOLUTS DBVIATIOM (AAD) - The aMOunt of 
deviation in accuracy of the plotted line coapared to 
the target line without regard for the sign. This is 
the absolute of the overall deviation In both 
directions - a Measure of accuracy.
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3. PATH LENGTH (PL) - Total path langth in plxals/ 
total path langth of targat lina (180 pixals) - a 
■aaaura of accuracy.

4. TINS - Muabar of data points saaplad In tha trial 
roprasants raal tls* to coaplata tha trial.
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Total IitMr lmantal Pat a

Experiment I Trials

UniManual, Laft Hand 12
Unimanual, Right Hand 12

Experiment II
Biannual, Practice Trial 1
Bimanual, Unguldad Condition 12
Bimanual, Memory Condition 12

Total Humber of Trials per Subject 49
Total Humber of Subjects ££.
Total Humber of Trials 2744

Sequence of Data Analysis

Data collected in both the acreenlng and ancillary 
batterlas of tasts and on the experimental taaks were 
analysed timing the Statiatlcal Package for the Social 
Sciencea. All experimental data collected and acorad on 
tha Apple lie using Basic language mere converted for 
IBM compatibility ualng the computer program Quad Link 
and then entered into the CUNY mainframe. This



76

additional Manipulation of tha data m i  nacassacy in 
ordar to M k a  it compatible with SPSS analysis.

In ordar to aatablish tha raliabllity of tha 
measures, Chronbach Alpha's wars computed for aach 
experimental measure. Similarly, Pearson-R corralations 
wara usad to datarsilna whathar tha axparisMntal 
measures of accuracy (absoluta daviation and path 
langth) ara lndapandant of aach othar for aach of tha 
groups. Paarson-R corralations wara also usad to 
determine whathar time and accuracy are independent 
functions^or aach of the groups.

Tha statistical analysis usad to test predictions 
primarily uses tha Students t Test to test aach of the 
hypotheses previously discussed. Since tha two control 
groups of normal readers differ so greatly in age, 
skill acquisition and cognitive functioning, they wara 
compared to tha dyslexic group and to aach othar using 
separate t Tests to examine aach of tha hypotheses. For 
aach experiment, group contrasts wara made to test the 
within-group hypothesis for dyslexics and normal 
readers as wall 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 thara is a single 
experimental group and two control groups - one swtched 
for age and the other for reading level, and
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necessarily younger. In addition, tha two control 
groups ara coapared saparataly to astablish tha affacts 
of age on this task. Mone-the-less, to protect against 
tha risks of aniltiple t tests, all contrasts aaong tha 
three groups will be reported in teras of critical 
values subjected to Dunn's Procedure, coaaonly referred 
to as Bonferroni Corrections.

Group Differences 
on Screening Battery and Ancillary Battery

All subjects were tested on the Screening Battery 
and the Ancillary Battery for purposes of establishing 
that subjects sat saaple criterion for the study and to 
obtain descriptive characteristics of the subjects' 
cognitive abilities.

Table 1 contains the Means and Standard 
Deviations for the dyslexic group and age-aatched 
readers, with t values and probabilities when the 
groups are coapared to each other. Reading tests which 
discriainate dyslexics and noraal raaders (Plat Word 
Recognition, Plat Coaprehension, Woodcock Johnson Word 
Attack, Myklebust Ouotient) as well as scores on 
WISC-R, Vocabulary, reflect a significant difference 
between the age satched groups. In contrast, there was 
no difference between the age-aatched groups on
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perceptual, spatial, constructional skills required Cor 
Judgement of Line Orientation, V1BC-R Block Design and 
Banton Spatial Memory. Burprisingly, on aeasures of 
laterality, the two groups differ significantly on hand 
aeasures. Although all subjects aet the criterle of 7 
out of 11 right handed iteas on the Revised 
Neurological Exaaination of Soft Signs, the dyslexic 
group proved to be significantly aore extreae in 
lateralization. All subjects aet 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 slallarities and differences 
between dyslexics and younger readers. On the screening 
battery of tests, the groups strongly differ on VI8C-R 
Vocabulary and Block Design with younger readers 
scoring higher than dyslexics. This difference any 
reflect a saaple bias in the selection of the younger 
readers. Parental consent is a strong factor in 
obtaining research participation and was aore difficult 
to obtain with the younger subjects, given the aaount 
of tiae required froa subjects.

On reading scores the younger readers aet criteria 
for the Myklebust Quotient, scoring significantly 
higher than dyslexics. Siailarly, younger readers 
scored higher than dyslexics on decoding of nonsense 
syllables. However, on individual reading tests, there
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was no difference between fchs groups on word 
recognition (thsy wars suit chad on this variable), 
reflecting ths dyslsxics reading lag. Dyslaxics wars 
significantly battar on raadiag comprehension daspita 
poor dacoding. All subjects met crition for latarality 
but tha dyslaxic group was more strongly right handad 
than tha youngar raadars.

Table 3 compares performance of older readers and 
younger raadars on screening battery tests reflecting 
tha sis*larities between tha raading groups on the 
Myklebust Quotient, Hyperactivity Index and Latarality 
Maasura.

Tha age in months of tha three groups is presented 
in Table 4, while Table 5 gives the comparison of the 
age-aatched dyslexic and nornal readers 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 co^iarlsons of dyslexic and 
age-aatched readers on the ancillary battery of tests 
which 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 I 
compares older and younger readers. There was no
difference between the age matched groups on visual and
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spatial tasks, fiailarly, all groups scorsd below 
critarion for inclusion in tha sanpla on tha Connors 
Hyparactivity Indax. Proa tha subject's raport thara is 
no evidence of greater practice far eye-hand 
coordination skill frosi use of vldao gaaas in any of 
tha groups.

Rallabllltv/Validltv Studlaa of Kxparlnantal Measures

In ordar to create robust estiaators of tha 
subjects perforaance, averages ovar all 12 anglaa under 
aach condition wara taken. Reliability was addrassad by 
computing a Cronbach Alpha for aach angla saparatoly 
and than taking tha aean of all 12 coafflciants for 
aach aeasure. Reliability checks using Cronbach's Alpha 
on tha conaonality of tha 12 angles ravaalad Alphas 
ranging from .79 to .99 as seen in Table 9.

In ordar to address tha validity of tha accuracy 
aeasures usad to assass tha subjacts' perforaance, 
Paarson-R corralations wars obtained for tha two 
aeasures of accuracy. Average Absolute Deviation and 
Path Langth, to dataraina tha dagraa of independence of 
these swaauras. Table 10 lists tha Paarsons-R 
corralations and Probabilities for Average Absolute 
Deviation and Path Langth for all three groups under 
both unlaanual and biaanual conditions. Tha two 
aeasures of accuracy are positively correlated for all
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groups under all conditions except Cor ths oldsr 
readers in ths mamory condition. Consequently, they 
both are considered measures of accuracy for the 
purposes of this study.

To further establish the construct validity of the 
experimental measures, Peerson-R correlations were 
obtained between relevant standardised measures and the 
experisMntal measures. Table 11 lists the correlations 
between accuracy and time and the standardised BMasures 
of aotor function, vlsuospatial ant. graphomotor skills. 
The language tests which so strongly differentiate the 
groups do not correlate with the experimental measures.

In order to address the relationship between time 
and accuracy in the performance of the subjects, 
Pesrsons-R correlations were obtained to determine 
whether accuracy and time are independent of each other 
or correlated measures. Table 12 lists the Pearsons-R 
correlations and Probabilities for Average Absolute 
Deviation and Time for all three groups under both 
unisMnual and bimanual conditions, limilarly, 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 unimenual and bimanual conditions and
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under each of the visual feedback conditions. However, 
for the dyslexics and younger readers, tiae and 
accuracy are positively correlated in the unlasnual 
condition and in the biannual condition when no visual 
feedback is available. When visual feedback is 
available, there is no correlation between tiae and 
accuracy for dyslexics and children. Xn other words, 
tiae and accuracy function differently in the age- 
aatched noraal reading group than tha dyslexic group. 
Xn addition, the pattern of correlations for dyslexics 
is siailar to the pattern of correlations of the 
younger readers in the unguided condition where the use 
of interhealspheric collaboration and visual feedback 
is engaged.

Concern about practice effects, particularly in 
learning the biannual coordination task was addressed 
in two ways. Presentation of all angles onder all 
conditions was randoaly assigned, fiailarly, half of 
the saaple first engaged tha use of the right hand on 
uniaanual testing and half of the saaple first engaged 
the left hand. The question of whether the order of 
right and left affected perforaance was addressed with 
a coaparlson of subjects, within aach group, who 
started with right and left hands and no significant 
differences in accuracy or tiae were found.
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RESULTS OF EXPERIMENTAL ASSESSMENT METHOD 
FOR UNIMANUAL (BXPERXMENT X)

AND
BIMANUAL (EXPERIMENT XI)

PINE MOTOR SKILLS

Hypotheses addttuing questions ralsad in tha 
litaratura and dafinad by tha thaaia of thia atudy will 
ba addraaaad hara in ralation to Experiment I 
evaluating tho indapandant right and iaft hand fina 
motor akilla of tho subjects (unimanual akilla) and tha 
ability to coordinata tha fina motor akilla of both 
handa aiaultanaoualy (biaanoal akilla) in Bxpariaont
II. Within aach experiment, data analyaia will addcaaa 
comparison of tha subject diffarancas within aach of 
tha thraa groups and tha diffarancas batwaan tha 
groups. Performance of tha normal raading groups on tha 
axpariaantal assaaanont aathod will ba praaontod first 
with data comparing parformanco of tha dyslaxic and 
normal raadars following.

iDiMl PsvslflMsntEl liUct fpi KxpsilEsnt 1 
Unl— nuil HfltBi Iklll

Hypothasas predicting parformanco on axacution of 
unimanual, fina motor skills of normal raadara ara
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based on tho Influence of leterelisetion (right end 
left differences) and age.

Vithin-Oroup Contrasts

HI: fines all subjects are right handed, it is
predicted that both groups will perforn significantly 
better 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 norami 
reading subjects was compared, older readers were 
significantly more accurate using their right hand 
(AAD: t»3.71, df*18, p.<.01) but showed no right/left 
difference in rate of performance (Table 12). Zn 
contrast, younger normal readers showed neither a right 
hand superiority in accuracy or rate of performance. 
This suggests that despite a right hand preferance in 
all subjects, 7 and • year old subjects have not yet 
developed a greater precision in fine motor skills of 
the preferred hand.

Between-Group Contrasts

H2: Since fine motor skills have been found to
improve with age (Gardner, 1979), it is predicted that
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an iaprovsaant in accuracy whan using tha right or laft 
hand will ba saan with aga aaong tha noranl raading 
groups.

Tha hypothasis is partially supportad: Vhan oldar and
youngar norsal raadars wara coaparad on right hand 
parforaanca, oldar raadars wara significantly aora 
accurata (AAD: tO.OO, d(*31, p.<.05) as wall as
significantly fastar (t«3.11, df ■ 31, p.<.05) in
parforaanca (Tabla 13). Thara was no diffaranca in 
laft hand accuracy, howavar, youngar raadars wara 
significantly fastar (t» 3.47, dfa31, p. <.01).

Moiaal PtY«loM»ntii,.IIfict foi liMil— nt II
llaanual Motor dklll

Hypothasas pradlctlng parforaanca on acquisition 
of biannual aotor skills ara basad on tha rasults froa 
siailar studlas by Fagard (1985) and Jaavas (1988). 
Hypothasas concarnlng acquisition of skill lnfluancad 
by availability of visual faadback, and coaplaxlty
of task in oyaaatrlcal and asysaatrlcal hand swvaaants 
ara tastad.

Vlthin-Croup Contrasts
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H3: Vi thin each xudinf group it is expected that
accuracy will ba battar in tha unguided, visual 
(aadback condition than tha aaaory, no visual faadback 
condition.

Tha hypothasls is supportad: Vhan parforaanca on tha
unguidad condition is coaparad to tha aaaory condition, 
both groups parfora aora accurataly with visual 
faadback (AAD: Youngar raadars: t>3.36, df-13, p.<.01; 
Older raadars: t*5.60, df*18, p.< .001) (Tabla 14) and 
deaonstrate no dlffaranca in rata of parforaanca.

Betveen-Oroup Contrasts

Unguidad and Memory Condition

H4: Because of tha need for intarhaaispharlc
collaboration in tha biannual task (Fagard, 1905) it is 
expected that tha oldar reading group will parfora aora 
accurataly than tha youngar raading group on tha 
unguidad, visual faadback condition and tha aaaory, no 
visual faadback condition.

Tha hypothesis is partially supportad: leaders 12 to
15 yrs of age ara significantly aora accurate than 
xaadars 7 to 0 yrs of age (AAD: t-3.75, df«14.78,
p.<.01) and raadars 15 to 16 yrs of age are
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significantly sort accurst# (AAD: tO.49, df»17,
p.<.01) and fastar (t«2.28, df»17,p.<.05) than raadars 
12 to 15 yra of ago (Tabla 15) in tha visual faadback 
condition.

Coaparison of oldar and youngar raadars on tha 
aaaory, no visual faadback condition doas not support 
tha hypothasis. Raadars 7-8 yaars of ago do not parfora 
significantly diffarant froa oldar raadars.

Moraal and Dvslaxlc Parforaanca In Rxoarlaant 1 
Unlaanual Motor Skill

Vithin-Oroup Contrasts

N5: fines all subjacts ara right handsd, it is
pradictad that dyslsxlc subjacts will parfora 
significantly battar in accuracy with tha usa of tha 
right hand whan coaparad to tho laft hand.

Tha hypothasis is supportad: Whan parforaanca of tha
right and laft hands of tha dyslaxic subjacts was 
coaparad, dyslaxics wara significantly battar using 
tbsir right hand in both accuracy (AAD: tO.63, df«22,
p.<.001; Path Langth: t- 5.87, df>22, p.<.000) and rata 
of parforaanca (t*4.il. df"22, p.<.000) (Tabla 16).
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Betveen-Oroup Contrasts

HC: Thsrs will ba no dlfforsncs between ths
dyslsxlc and age natched noraal raadars on tho 
perforaance of ths right and loft hands soparatsly.

Ths hypothosls Is not supportad: In thslr laft hand 
parforaanca, dyslexics ara significantly aora accurate 
(Path Langth: t« 4.22, df« 40, p.<.01) and faster
(t>4.35, dfa40, p.<.01) than age aatchad readers (Tabla 
17).

Tha right hand parforaanca of dyslexics Is also 
significantly aora accurate (ADD: t>4.47, df*40.
p.<.01; Path Langth: t« 5.12, df«40, p.<.001) and
fastar (t>4.62, df>40. p.<.001) than age-aatched
readers (Tabla 18).

H7: Tha dyslexics and aga-astchad raadars will
parfora aora accurataly with their right and laft hands 
than tha children.

Tha hypothesis is supportad: On right hand parforaanca, 
dyslexics ara significantly aora accurate (AAD: t>
5.76, df>35, p.<.001; Path Langth: t*2.42, df*35,
p.<.05) but ara no fastar than tha youngar raadars 
(Tabla 19). On laft hand parforaanca, dyslexics ara no 
aora accurate or fastar than youngar raadars.
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Moraal and Dyslexic In Rxpaglaant II
■iMDBll MfltQI Iklll

VIthl-Group Contrasts

Hli Within tho dysloxic group, It is expected that 
accuracy will bo bottor in tho unguidad, visual 
faadback condition than tho SMawry condition.

Tho hypothasis is supportad: Dysloxics ara
significantly storo accurate (AAD: t>6.40, df>22,
p.<.000) and fastor (t*7.28, df-22, p.<.000) whan
visual faadback is available (Tabla 20).

H9: Within tho dyslexic and youngar raading groups it 
is axpoctod that sosa subjacts will loss tha correct 
direction of hand BK>vaswnt whan visual faadback is 
rasK>vad (Gladstone, 1965).

Tha hypothasis is supportad: Reversal of tha direction 
of hand BMvaswnt occurad in both tha dyslexic and 
youngar raading groups. Whan tha frequency of reversals 
in tha dyslexic group was coaparad to tha youngar 
raading group, tha youngar readers had significantly 
■ora reversals (Tabla 21).

M10: It is axpoctod that loss of direction of hand 
BMvesMnt aswng dyslexic and youngar raadars will be
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attributable to bitfiractional aoveaent of tha laft 
hand.

Tha hypothasis is partially supportad: Whan tha
proportion of tha reversals aade by tha laft hand of 
dyslexic and youngar subjacts is axasiinad (Tabla 22), 
it is tha right hand which is priaarily responsible for 
loss of direction without visual feedback. However, on 
trials requiring tha hands to SK>ve in opposite
directions (bidirectional) or the saae direction 
(unidirectional) (Table 23), both groups have 
significantly ax>re reversals in bidirectional
quadrants.

Between-Oroup Contrasts

Because of the need for intorhealspheric 
collaboration in the biaumual task (Pagard, 1985) and
the evidence for difficulty in biannual tasks in
dyslexics (Klicpera, 1981), it is axpectad that:

Hll: The age-aatchad raading group will parfora
aore accurately than the dyslexic group on the unguided 
visual faadback condition and aaaory condition.
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Tha hypothasis is not sappoctad: Thara is no
diffaranca in accuracy of tha dyslaxic and aga-aatchad 
raading groups. Hovavar, on tha visual faadback 
condition, dyslaxics ara significantly fastar (t«4.70, 
df-40, p.<.001) vhila thay Maintain aqual accuracy 
(Tabla 24). Thara is no discriminating diffaranca in 
accuracy or tlaa batvaan dyslaxic and oldar raadars on 
tha BMSK>ry condition.

H12: Thara will ba no diffaranca batvaan tha
parforaanco of tho dyslaxics and tho youngar raadars on 
tha unguidad visual faadback condition and tha aw story, 
no visual faadback condition.

Tha hypothasis is not supportad: Dyslaxics ara
significantly stora accurata (AAD: t« 3.73, df«3S,
p.<.01; PL: t"3.05, df«35, p.<.01) and fastar (Tisw:
t*4.9t, df*35, p.<.001) than tha youngar raadars on tha 
unguidad, visual faadback condition (Tabla 25). 
flisiilarly, on tho aw story, no visual faadback condition, 
dyslaxics ara significantly aora accurata (P.L.: 
t-2.89, df-35, p.<.05) but no fastar than tha youngar 
raadars.
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Moraal and Dwlaxle Perfnraance 
on Acquisition of Angular Velocity

Research exaaining acquisition of biaanual aotor 
skills has priaarily focussd on learning ovsz rspsatad 
trials of practics (Preilowski, 1972; Pagard, 1915, 
Jeeves, 1988). Reports of parforaanca affactad by 
variation in tho ratio of hand aovenont rsquirad to 
traca a particular angla ara based on skills achieved 
after nultiple practice sessions. Consequently, it was 
not possible to generate hypotheses for perforaance of 
these groups based upon the single trial parforaed for 
this study. Data addressing the acquisition of "angular 
velocity" will therefore be used as a basis for 
hypothesis generation.

Analysis of the data to axaaine group perforaance 
for bilateral coactivation of hand aoveaent, and thus 
collaboration of the two heaispheres is presented by 
exaaining two issues: 1 ) the tendency toward
dynaalc coupling of the llabs in each group 2 ) aaount 
of variation in accuracy and speed according to ratio 
of hand aoveaent for aach group.

In an atteapt to axaaine the data for acquisition 
of precision in angular velocity and a tendency toward 
unintended coactlvation or dynaaic coupling of the
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limbs, th« measure Directional Da v 1st Ion fum woo uood 
•inco it indicator by its ♦ or - sign tbs disaction of 
arror (Pigure 9). In othar words, whan tha subjacts' 
tracing of tha pathway aidlina daviatas priaarily in 
ona diraction, tha diraction of that daviation is 
idantifiad by tha ♦ or - sign of tha accuracy scora.

Pagard (1985) obsarvad that tha diraction of 
arrors daaonstratad a tandancy to drift from tha anglas 
raquiring asymmetrical ratio of hand movement (1:2 or 
2:1 ratio) toward a symmetrical ratio of hand movement 
(1 :1 ). No arguas that this raprasantad dynamic coupling 
or unintandad coactivation of tha limbs.

Tabla 26 shows in tha first column tha "drift 
sign" or sign of tha maasura Diractional Daviation Sum 
whan parformanca is drifting toward 1:1 ratio of hand 
movomant on tha asynawtrical anglas whan visual 
faadback is availabla. Whan tha diraction of arror of 
tha oldar raading group is comparad to drift sign, it 
is apparant that this group consistantly arrs in tho 
diraction of symmetrical movomant. Although not as 
consistantly, tha dyslaxic group also shows a tandancy 
toward arring in tha diraction of symmetrical movomant 
(Tabla 27). In contrast, tha youngar raading group 
shows no consistant pattern in diraction of arrors 
(Tabla 28). When visual faadback is ramovad, all
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groupa consistently see In ths dleectlon o£ syaaeteical 
aoveaent (Table 29,30,31).

Ths second lssos oi vac1stIon in accueacy doe to 
diffeeences In eatio of hand aoveaent is addessasd by 
the qosstlonx Can a diffeesncs In level of difficulty 
between angles eequleing syaaeteical (1:1 eatio of hand 
■ovsMnt) and asyaaeteical aoveaent (2:1 oe 1:2 eatio 
of hand aoveaent) be deaonsteeted, and if so, is theee 
any diffeeence between qeoups? Following the eeasoning 
of Peellowskl (1972), Fageed (1995) and Jeeves (1999), 
geeatee peecision in inteeheaispheeic collaboeatlon 
(shielding and shaeing of infoeaetion) should be 
necessaey on the asysaetelcal (1:2 and 2:1 eatio) 
angles and should eesult in less peeclse peefoeaance.

On the fiest 12 angles teaced with visual 
feedback, the peefoeaance of the oldee eeading geoup on 
1:1 eatio angles Is coapaeed to 1:2 and 2:1 angles 
(Table 32). Oldee eeadees aee significantly less 
sccueate and execute the task significantly aoee slowly 
on the 1:2 eatio angles. In conteast, theee is a veey 
slight diffeeence in accueacy between 1:1 and 2:1 eatio 
and no diffeeence in eats of peefoeaance.

Siailaely, the dyslexic geoup peefoeaance 
deaonsteates geeatest difficulty on 1:2 eatio angles 
(Table 33) in both accueacy and speed when coapaeed to 
1:1 eatio angles, but no diffeeence between 1:1 and 2:1
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ratio anglaa. Tho younger nor M l  roadora demonstrate 
tho i i m  pattern of roaulta (Tabla 34) with a 
algnlflcant diffaranca in both accuracy and apaad whan 
comparing 1:1 and 1:2 ratio anglaa. Thara waa no 
diffaranca between 1:1 and 2:1 ratio anglaa.

Vhen tha a a M  12 anglaa ara repeated without 
viaual faadback (Tabla 3S)« tha oldar reading group 
again perforM noat poorly In both accuracy and apaad 
on anglaa requiring 1:2 ratio of hand novanant coaparad 
to 1:1 and 2:1 ratio anglaa. In contrast, tha dyelexic 
group haa greater difficulty on all aayaaetrical anglaa 
(1:2 and 2:1 ratio) without viaual faadback (Tabla 36). 
for tha younger raading group, whan viaual faadback waa 
reaoved, thara waa no diffaranca in perforMnce baaed 
on ratio of hand aovaaant.

4
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Chapter V 

DISCUSSION

The findings will be discussed in the following 
order: 1) General discussion of the problea addressed
in the study, design and results of the experiaent 2) 
Discussion of the specific hypotheses 3) Discussion of 
the iaplicetions and liaitations of the findings 3) 
Applications of basic research to educational practice 
4) Direction for future research.

General Discussion

Assessaent of the developaent of aotor skill in 
dyslexic children has been an aspect of extensive 
research. Historically, this is one of aany atteapts to 
define a neurological basis for reading failure. Many 
aotor abnoraslities or neurological soft signs such as 
chorelfora aoveaents, synkinesis, slow-rate of 
aoveaent, airror aoveaents and dyspraxia have been 
exaained and found prevalent in learning disabled and 
hyperactive populations. However, such soft signs have 
aot been found to be specific to dyslexia or observed

l
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in dyslexic populations accoanod for othar
abnoraslities.

Ona neurologically-based axplanation for 
developaental raading failura is a daficit in 
interheaispheric intaraction (Bast, 1995; Kinsbourne, 
1988) which aay ba attributad to althar dalayad 
saturation of tha corpus callosua or tha underlying 
naural systeas which transait inforaation batwaan tha 
heaispheres through tha corpus callosua. Whatavar tha 
etiology, faulty heaispheric lntagration or cooparation 
has baan idantiflad as a possibla risk factor or 
corralata of developaental raading failura (Neff, 1996) 
and is a function accossibla to exaainatlon through
uniaanual and biannual aotor tasks. Thasa aotor skills 
have been axaainad in a nuaber of different paradigas 
and populations, aost notably in split~brain saaplas. 
Tha approach usad in this study involved tha coaparison 
of parforaanca on uniaanual and biannual aotor tasks, a 
paradiga that has baan successfully aaployed by 
Gladstone (1995) in a dyslaxic population and by 
Preilowski (1972) in a split-brain saaple.

In an attaapt to address tha naad for assessaent
of visuoaotor, uniaanual and biannual skill engaging
fina aotor function, a coaputarlsad systea siallar to 
currently popular vidaogaaas was developed. This 
perceptuoaotor assassaant aathod provide aeasures of
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both speed and accuracy of f lno motor movement In 
Manipulating a joystick os two potentiometers in osdar 
to guido tho cursor on tho computer monitor by tracing 
a sorios of 12 angles.

Tho prosant study consists of two experiments 
conducted to exaalne the unimsnual and biannual wotor 
skills of dyslexic children and to compare their 
performance with age (12 to IS years of age) and 
IQ-matched norsal readers as well as chronologically 
younger normal readers (7 to • years of age) who were 
matched with the dyslexics' reading level. Groups were 
of comparable intellectual and SB8 levels. All subjects 
were right handed. They were likewise 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 swtor 
function on standardised tests and assessed for 
frequency of prior use of video games in order to rule 
out a practice effect from these results.

Reliability of the assessment measures was 
statistically confirmed. Preliminary evidence for 
concurrent validity of the experimental measures was 
likewise established. The relationship between tisw and 
accuracy was tested for each group to determine whether
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these «•!« independent or rolotod m u u u . Accuracy 
and tine vara found to ba posit lvaly corralatad 
measures for tha oldar reading group in both tha 
unimsnual and bimanual conditions. In addition, tha 
dyslaxic and youngar raadars only shoved a similar 
positiva corralation between tin* and accuracy in tha 
unimsnual condition and in tha bimanual condition whan 
no visual foadback was available. Whan visual feedback 
was available, there was no significant corralation 
between these measures for tha dyslaxics and younger 
raadars.

Sxperlment I measured accuracy and spaed of 
unimsnual fine motor skill on tha computerised 
vlsuostotor tracking task where tha right and left hands 
independently manipulated a Joystick in order to trace 
a pathway on the computer monitor. It was expected that 
all groups would perform better with the right hand 
than the left hand and that improvament would be 
observed with increasing age.

Bxperiment II measured accuracy and speed of 
bimanual fine motor skill on the same computerised 
vlsuomotor tracking task. The left and right hands, 
respectively, controlled the vertical and horisontal 
movement of the cursor on the screen while tracing the 
same series of pathways. Bxperimsnt 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 when visual feedback was removed. It was 
expected that the interhemispheric collaboration skill 
necessary to perform this task would demonstrate a 
difference between dyslexic and age-swtched readers 
with the dyslexic subjects performing similarly to the 
younger readers.

It was further expected that dyslexic and younger 
readers would have greater difficulty smlntaining the 
movement timing, direction and appropriate inhibition 
of one hand in relation to the other to produce a 
tracing of the desired angle when unable to swnltor 
their movements with visual feedback. The greatest 
difficulty in these skills was expected to occur in the 
performance of the left hand and under conditions where 
thm two hands were moving in opposite (clockwise and 
counterclockwise) rather than the same (both clockwise 
or counterclockwise) direction.

Experimental results were analyzed for both within 
and between group comparisons. In Sxperismnt I, older 
readers and dyslexics demonstrated better unimanual 
performance with the right hand than the left hand. 
Younger readers demonstrated no difference between 
right and left hand performance. Dyslexics were found 
to be significantly faster and more accurate than 
age-matched readers with both the right and left hands.
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Both older groups wore found to oxcol boyond tho 
performbnee of tho youngor roodors.

In Bxperlswnt II on biManual Motor coordination, 
all subjects perforMod bettor with visual feedback 
available than they did when feedback was resmved. With 
visual feedback, older readers were More accurate than 
younger readers and contrary to expectation, dyslexics 
were cowparably accurate while faster than age-Matched 
readers. When visual feedback was roMoved, dyslexics 
did 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 readers and significantly better than the 
younger readers.

However, when the quality of errors observed on 
the biManual, BMMory condition was analysed, dyslexics 
and younger readers deMonstrated slMilar patterns of 
iasuturity in their execution of the task which were 
never observed in the older reading group. When visual 
feedback was reMoved, both dyslexic and younger reading 
subjects lost the direction of the MOveMent of one or 
both hands, coMpletely revarslng 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 tho right hand for tho dyoloxic oubjocts and was 
equally distributed between the right and left hands 
for the younger readers. When frequency of occurrence 
of reversals in unidirectional and bidirectional 
quadrants was exaalned, both groups had significantly 
■ore reversals in the bidirectional quadrants.

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

When direction of drift was analysed 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 amamry 
conditions, suggesting a natural tendency toward 
dynamic coupling of the two hands in the initial phase 
of ^acquisition of bimanual motor coordination. In 
contrast, when visual feedback was available, the 
younger readers demonstrated no consistent pattern of 
performance, erring equally in the direction of 
symmetrical amveamnt of the hands and in the opposite 
direction. However, when younger readers executed the
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task without visual feedback, thalr perforaance was 
slailar to tha older readers, string m om t consistently 
in the direction of 1:1 ratio of hand sovemnt. 
Dyslexic group perforaance was slailar to, but not as 
consistent as that of the older readers'. Dyslexics 
aost frequently erred in the direction of sysaatrical 
aoveaent when visual feedback was available. Like the 
older readers, when visual feedback was reaoved, 
dyslexics consistently erred in the direction of 
eyaetr ical aoveaent of the two hands. Consequently, 
all three groups spontaneously reverted to dynaaic 
coupling of the two hands without the assistance of 
visual feedback.

On a coaparison of perforaance of tracing angles 
with different ratio of hand aoveaent with visual 
feedback, all groups were significantly lass accurate 
on angles requiring 1:2 ratio of hand aoveaent (i.e. 
right hand sxiving twice as fast as left). All groups 
deaonstrated coaparable acccuracy when coaparing angles 
with 1:1 and 2:1 ratio of sK>veaont. This finding 
desanstrates that on 1:2 ratio angles, when the right 
hand aust restrain its natural tendency toward dynaaic 
coupling or slowing down to aove in unison with the 
left hand, significantly less accurate perforaance is 
observed in all groups.
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Discussion of Specific Mypotheaes

Three questions were formulated from the thesis of 
this study end will now be adi llscusslng each
of the hypothesis which were deveiopeu to answer them.

Question 11

Can the developmental acquisition of fine motor 
unlmanual and bimanual skills be measured on a 
computerised task utilizing visual feedback and 
differentiate between normal children between 7 and 16 
years of age?

Part of this question was addressed In HI and H2 
In Experiment I on unlmanual motor function.

HI: Since all subjects are 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.

H2: Since fine motor 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 b« •••n with 19* aaong the norsal reading 
groups.

Results displayed in Figure 10 demonstrate the 
difference in unlmanual accuracy of the right and left 
hands for both the older and younger normal reading 
group. Similarly, Figure 11 displays the difference in 
speed of perforsmnce 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 finding suggests that despite all subjects 
being right 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.

■^he question of differentiating between the 
developmental acquisition of bimanual skills with
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visual feedback In noraal children between 7 and 16 
years of age Is addressed In H3 and H4.

H3: VIthin each reading group It Is expected that
accuracy will be better In the ungulded, visual 
feedback condition than the memory, no visual feedback 
conditio*.

H4: Because of the need for lnterhealspherlc
collaboration In the biaanual task (regard, 1985), It 
Is expected that the older reading group will perfora 
■ore accurately than the younger reading group on the 
ungulded, visual feedback condition and the Meory, no 
visual feedback condition.

Results displayed In Figure 12 deaonstrate the 
significant difference In biannual accuracy for older 
and younger reading groups when visual feedback is 
available for aonltorlng perforaance. Similarly, Figure 
13 displays the difference in speed of biannual 
perforaance for the older and younger readers with 
visual feedback. Vhen executing the task without visual 
feedback, Figure 14 displays the accuracy perforaance 
results for older and younger noraal readers while 
Figure 15 gives the contrast In speed between the two
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groups. Ths data indlcata that an incraasa in accuracy 
on biannual coordination occurs with age.

The subsequent two questions derived froa the 
thesis of this study apply these results to coaparisons 
with dyslexic subjects. Specifically, the study asked:

QUiltlon 12

Do reading disabled children differ froa 
age-Batched noraal readers in either fine aotor control 
engaging the hands separately or in biannual 
coordination?

Question S3.

Do the biaanual coordination skills of dyslexic 
Children reseable those of younger, noraal raadars?

Coaparlson of dyslexJ - and noraal readers' 
perforaance on uniaanual skill were aade using H5, H6 
and H7.

H5: Since all subjects are right handed, it is
predicted that dyslexic subjects will perfora
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significantly bettsr in accucscy with the use of the 
sight hand when compared to the left hand.

H6 : These will be no dlffesence between the
dyslexic and age-matched normal seadess on the 
performance of the sight and left hands sepasately.

H7: The dyslexics will pesfossi more accusately with
their right and left hands than the children.

The performance of dyslexic subjects on this 
unlmanual vlsuomotor task demonstrates two Important 
characterstlcs. First, 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 
(Figure 16).

The second important characteristic of this 
unimanual data is the differenc ;en right and left
hand performance of each group which varies 
considerably. Figure 16 presents a bar graph 
illustrating the 20% difference between accuracy of the 
two hands in dyslexics, while the older readers had 
only a 9% difference between the hands and the younger 
readers had a 7% difference, which was not
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statistically significant. This largs difference 
between tha right and laft hand perforaance of 
dyslaxics has baan pravlously obsarvad (Denckla, 1965; 
Annatt, 1985)

Coaparisons of dyslaxic and noraal raadars 
perforaance on biannual skill acquisition wars sada 
using H8, H9, H10, Hll and H12.

H8 : Within the dyslaxic group, it is axpactad that
accuracy will be batter in tha ungulded, visual 
feedback condition than tha aeaory condition.

H9: Within tha dyslaxic and younger reading groups it 
is axpactad that soae subjects will loss tha correct 
direction of hand sovasent whan visual feedback is 
reaoved (Gladstone, 1985).

H10: It is axpactad that loss of direction of hand 
aoveaent asK>ng dyslaxic and younger raadars will be 
attributable to bidirectional aovasint of tha laft hand 
(Gladstone, 1985).

Because of tha need for interheuispheric 
collaboration in tha biannual task (Pagard, 1985) and 
tha evidence for difficulty in biaanual tasks in 
dyslaxics (Klicpera, 1961), it is axpactad that:
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Hll: The age-matched reeding group will perfore More
accurately than the dyslexic group on the ungulded 
visual feedback condition and memory condition.

H12: There will be no difference between the
perforsmnce of the dyslexics and the children on the 
ungulded visual feedback condition and the memory, no 
visual feedback condition.

In the execution of the bisuinual sx>tor task, the 
significant superiority in vlsuomotor skill among the 
dyslexics Is no longer apparent in their accuracy 
(Figure 19). However, the dyslexics execute the task at 
a significantly faster rate (Figure 20), while
maintaining accuracy equal to the older readers.

When visual feedback is removed, there is no
evidence of superiority in vlsuomotor tracking ability 
asK>ng the dyslexic subjects for either accuracy (Figure 
21) or speed (Figure 22). Although the dyslexic 
subjects remain somewhat faster (Figure 22), this 
finding is no longer significant. Figure 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 removed. Similarly, Figure 24
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illustrates the findings for all thraa groups on both 
visual feedback and memory condition for speed. Here 
there is no significant difference between any of the 
groups without visual feedback.

Mo 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 acquisition 
employed multiple trials of training rather than the 
single trial performance in this study, there was no 
basis for hypotheses generation. Consequently, the 
performance of these subject groups will be used to 
propose hypotheses regarding what can be learned from a 
single trial of bimanual skill acquisition.

These findings indicate the following observations: 
1) Normal subjects beyond the age of maturation of the 
corpus callosum (Yakolev, 1967) exhibit a tendency 
toward dynamic coupling of the hands on initial trials 
of bimanual skill acquisition with and without visual 
feedback. (Tables 26 a 29) Normal childern before the 
age of maturation of the corpus callosum exhibit more 
primitive errors of loss of direction and inability to 
produce simultaneous movements and therefore do not 
Initially deamnstrate dynamic coupling of the two hands 
(Tables 26 a 31). 3) Dyslexic children beyond the age 
of maturation of the corpus callosum show a trend
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toward dynaaic coupling of tha two hands (Tables 27 (
30). However, b o m  dyslaxic children exhibit aotor 
lasMturltles of loss of dlroctlon and an Inability to 
produce slsuiltaneous aoveaents which Is slailar to 
younger readers.

Figure 25 Illustrates each groups accuracy In 
perforaance In relation to the condition of varying 
ratios of hand aoveaent. All groups are less accurate 
and slower (Figure 26) on angles requiring 1:2 ratio of 
hand aoveawnt. This Is also the case when visual 
feedback Is reaoved (Figure 27).
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Implications and Limitations of Flndlnaa

In order 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 parceptuo-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 visuospatlal perception, 
effective guidance of accurate fine motor control and 
integration or coordination of motor systems 
controlling left and right distal musculature of the 
hands. Bach of these will be discussed in relation to 
the cognitive characteristics of the sample.

First, a description of the relevant cognitive 
skills of the dyslexic and age-matched subject groups 
on standardized tests is a starting point. The 
performance of the dyslexics on various measures of
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language and reading Indicate that the dyslexic 
subjects have deficiencies In left hemisphere 
functions. This conclusion Is derived from an extensive 
literature relating specific deficits In naming and 
syntax to compromise of left hemisphere perlsylvlan 
areas. The linguistic deficiencies are not observed In 
the two control groups. The dyslexic and age-matched 
readers appear to have equivalent vlsuospatlal 
abilities on block design, judgement of line 
orientation and spatial memory, however, there was a 
ceiling effect evident for both groups on the latter 
two tests. When the groups were compared on 
spatial-graphomotor skill they were likewise
equivalent, except for the dyslexics excelling on more 
frequently replicating the most difficult Items on the 
test (Beery). Consequently, 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-MB8 8 ). 
Thus, all groups were screened for any deficiency In 
vlsuospatlal perception and fine motor control 
necessary to execute the experimental task.

Evidence of deficiency In left hemisphere functions 
with intact or superior right hemisphere skills has 
been described previously in dyslexic populations
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(8ymmes, 1972; Owen, 1971; Denckla at al., 1980; 
Gordon, 1980). Oeschwlnd (1982) points out studios that 
hava documented suparior talant in cartain acaas of 
nonvarbal skill, such as art, archltacture, engineering 
and athlotlcs.

Oeschwlnd and Galaburda (1985) have further 
proposed tha concept "pathology of superiority" in 
understanding tha extremely discrepant skills observed 
in dyslaxics. 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 
hypothesise that a fetal sensitivity to testosterone, 
or an excessively high amount of the hormone, can cause 
retarded development in the language areas of the left 
hemisphere which may 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 superior right hemisphere skills 
described in dyslexic populations.

Interpretation of these experimental results of 
this study will be made in view of the cognitive 
characteristics of the dyslexic sample (left hemisphere
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dysfunction with normal or possibly supsrlor right 
hemisphere skill). This prof11a is consistant with tha 
Initial axparliMntal finding of supsrlor performance by 
tho dyslaxic subjects in unlmanual, vlsuomotor skill. 
This finding Is lntarpratad as balng dua to suparior 
vlsuospatlal ability on tha part of tha dyslaxic 
sampla In comparison to aga-and IQ-matchad controls. 
Tha intarpratation is partly basad upon tha finding of 
norami flno motor control in tha dyslaxic sampla and 
tha amphasis on vlsuospatlal parcaptlon In this task.

Tha association of vlsuospatlal abilltias with 
right hamisphara function has long baan astablishad 
(Klmura, 1969; Levy, 1976; Robartshav, 1976). However, 
conflicting findings supporting this association and 
those shoving no hamisphara diffaranca (Bryden, 1976; 
Birkett, 1977) suggest that tha right hemisphere 
advantage Is more readily observable with increasing 
complexity of the task. This has baan true for research 
mathodology employing perception of line orientation 
(Fontenot, 1972; Kimura, 1974; Phippard, 1977; 
8asanuma, 1976), a motor response to perception such as 
placing a rod to match the position of a standard (Da 
Ranzl, 1971) and methods using a greater memory 
component (Oscar-Barman, 1978). Bvldence of right 
hamisphara superiority with respect to learning 
tactile configurations, such as raised dots of the type
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used In Braille reeding, also surest a right 
hemisphere advantage lor spatial configurations 
(Hermelln, 1971; Rudal at al., 1974, 1977; Harriman, 
1979).

The lltaratura focusing specifically on 
'manipulo-spatial skills' (Young, 1983) further 
supports the Interpretation of superior right 
hemisphere ability for the dyslexic unlmanual 
performance. In suamwrlzing the literature, Le Doux 
(1993) argues,

"Barly studies of split-braln humans found the 
left hemisphere performing poorly on tasks involving 
spatial processing (Bogen and Gazsaniga, 19(5; 
Gazzaniga, 1965; Levy-Agrestl and 8perry, 19(8; Levy, 
1972; Nebes, 1971, 1972, 1973). These data were
consistent with the well-known clinical observation 
that right hemisphere, particularly right Inferior 
parietal damage, produces disturbances In 
visuo-spatial perception. More recent observations in 
both split-braln (Le Doux, 1977; Gazzaniga, 1978; Le 
Doux, 1979) and brain-damaged (Le Doux, 1980) patients 
have suggested 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 
•pace.

For example, many of the tasks used to demonstrate 
profound differences in spatial ability between the 
hemispheres of split-brain patients required/ in 
addition to visual perception/ the use of the hands in 
perceiving or constructing spatial stimuli. When the 
manipulo-spatial demends were relaxed/ turning the 
tasks into pure visuo-spatial tasks, both hemispheres 
could perform well (Le Doux, 1977; Oasxaniga, 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 
vlsuomotor tasks is the primary distinction 
demonstrated in the results of this study. Xn other 
words, 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 right distal 
musculature of the hands. Given the level of complexity 
of this task, the task characteristics and the 
literature on guiding motor movement in a spatial
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environsant argue Cor predoalnantly right heaisphere 
control in tha axacution of thasa tasks.

The findings in Bxpariaant XI, aaploying an even 
aore coaplax perceptual aotor task daaonstrata soaa 
loss oC superiority in tha dyslaxic groups' biaanual 
perforaance coaparad to uniaanual perforaance when 
visual feedback is available. That is, in the biaanual 
condition, the dyslexics are not only able to aaintain 
an equal accuracy with the age-aatched readers but are 
also able to execute the task with greater efficiency 
in speed. Vhen the perceptual half of this
perceptual-aotor task is reaoved, in the biannual 
aeaory condition where visual feedback is not
available, the dyslexic perforannce is
indistinguishable froa controls. Thus, the findings 
froa these three experiaental tasks indicate that this 
dyslexic group is not equal to, nor deficient in 
perceptual aotor skill, but is superior in the 
perceptual ability guiding their fine aotor function. 
This conclusion argues that the hypothesised
differences between the dyslexic and age-aatched 
readers are in a perceptual superiority rather than a 
perceptual-motor deficiency.

What of the hypothesised dyslexic difficulty with 
interheaispheric collabotation and expected 
siailarities in biaanual perceptuoaotor skill with the
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younger, reading matched control group? Aa tho data 
Indicates, and contrary to the hypotheses, overall 
performance on accuracy and speed distinguishes these 
two groups Instead of demonstrating their similarities. 
However, examination of the quality of motor function 
reveals some similarities.

Both dyslexic and younger readers demonstrated a 
pattern of immaturity In acquisition of the bimanual 
motor task which is similar to that reported for 
commisurotomy patients (Preilowski, 1972) and younger 
normal children (Pagard, 1995; Jeeves, 1988). On 
initial trials with visual feedback, subjects in those 
two groups were reported to alternate hand movements 
cresting a stair-step effect rather than producing 
simultaneous movements which trece a smooth line. This 
was likewise observed in the dyslexic and younger 
subjects of this study on initial trials with visual 
feedback. In addition, when visual feedback was 
removed, dyslexic and younger reading subjects also 
lost the direction of the stovement of one or both of 
the hends, completely reversing the direction of the 
tracing. These motor characteristics which constitute 
the sx>st primativc errors described in biamnual motor 
skill acquisition studies have also been observed in 
coaartsurotos'y patients (Preilowski, 1972), 6 and 7 year 
olds (Pagard, 1985; Jeeves, 1988) but were never
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observed In the age-aatched nor sal renders of this 
study or noraal adults (Pagard, 1985; Jeeves, 1968).

Although Prellowski (1972) argued that "froa the 
beginners first few trials no lnforaatlon can be gained 
about specific sensory arator aechanlsas underlying the 
learning of a aotor skill", the results reported by 
Oladstone (1985) and the findings of this study suggest 
that this is not the case. Sxaalnation of the 
perforaance froa a developaental perspective Indicates 
that younger children and soae dyslexic subjects 
exhibit specific iaaaturlties in style of aotor 
execution not observed in chronologically- older or 
age-aatched noraal reading subjects. Thus, the ability 
of subjects to execute siaultaneous hand aoveaents and 
sustain the correct direction of the hand aoveaents for 
a desired angle appear to be aaturational aarkers 
despite chronological age.

The greater proportion of reversals 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 
froa the left heaisphere. Since the dyslexic group was 
found to have deficient left heaisphere ability related 
to language function, this conclusion has soae aerlt. 
However, since the nature of the difficulty Is related 
to perforaance in the biaanual condition only and there
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is no othsc svidsncs of right hand aotor dysfunction on 
tho standardixsd tast results or tho uniaanual 
perforasnce on tho experiaental task, further 
consideration of an interpretation of interheaispheric 
collaboration difficulty is warranted.

Since the poor right hand perforaance was only 
seen in the biaanual condition without visual feedback, 
an interpretation based on interheaispherlc
collaboration will be explored. It has been proposed 
that this task is aost highly influenced by the 
vlsuospatlal skills of the right heaisphere. Based on 
the iaportance of right heaisphere influence on this 
task, the finding would support the hypotheses of 
difficulty in interheaispherlc collaboration when 
transferring spatial inforaation froa the right to the 
left heaisphere to guide the right hand is necessary. 
In other words, following regard's reasoning, the 
inability of the dyslexic subjects to suppress aotor 
irradiations causing a reversal of the direction of 
hand smveaent argues for an interpretation of poor 
interheaispherlc shielding of inforaation being the 
source of the dyslexic iaaaturity on this task.

k  slailar tendency to lose the direction of hand 
sovessnt by the younger readers who were expected to 
have difficulty with interheaispherlc collaboration 
supports this interpretation. Consequently, these



123

qualitative similarities between b o m  of tha dyslaxics 
and younger raadaza suggests a delay In development of 
cerebral Maturation among some of the dyslaxics. 
Alternative interpretations of the dyslexic performance 
cannot be ruled out, as limitations in the research 
design do not allow for discrimination between these 
alternatives. Rather, what is naeded is a design which 
would represents the actual speed or timing 
contribution of each hand to the overall perforawnce 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 seen 
contradictory to the finding of superior uninanual 
skill, the qualitative similarities to younger readers 
is warrants a discussion of this Interpretation .

Given the qualitative findings presented, the 
performance 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 (Fagard, 1985; Jeeves,
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1988) which has desmnstrated a shift frosi initial 
dynaaic coupling of tho lisfcs to indapandont and 
pracisa smvaawnts of tha hands (and thus indapandant 
functioning of tha two haalsphazas).

Tha qualitativa perfornsmce daficits in blaanual 
skill acquisition by soae dyslaxics in this study ara 
indlcativa of a lack of haaispharic indapandanca. 
Although pracision in such blaanual skills is raaota 
froa tha problaas in languaga and laarning to read, 
Kinsbourne (1988) proposas a possibla ralationship 
batwaan tha two. Ha arguas, "....a ganaral function 
does conceivably link diffarantial fingar aoveaent and 
differential word recognition: tha ability to inhibit
highly probable (coapatible, faailiar) responses in 
favor of lass favorable but SK>ra specifically adaptive 
alternatives."

Kinsbourne elaborates on this proposed ganaral 
differentiating function in his discussion of reading 
acquisition:

"Tha phonological referent of any latter grouping 
depends critically on other letters coexisting in tha 
word. No sooner does tha child learn how to pronounce a 
syllable than, in tha context of a new word, ha is told 
that it is pronounced differently. Tha inpaired reader
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paraliti, Cor variable periods oC tlae, with responses 
to letter groupings within a word that wight be correct 
were these groupings present in isolation/ but are 
incorrect or at least inadequate in the new context. 
The ability to override faalllar in favor of sore 
adaptive responses calls for neural inhibitory 
interactions generlcally related to those that enable 
one finger to be aoved while the others are restrained 
froa wovlng."

The iaaaturity observed in the execution of the 
blaanual task by sosw of the dyslexlcs lends itself to 
Kinsbourne's (1988) interpretation of interheaispheric 
difficulties in dyslexlcs. He further proposes:

"The disorder aay, at least in the Majority of 
cases, reflect an laaature state of cerebral neuronal 
circuitry/ asking for neuroaotor iaaaturity and 
generating other signs of the type that used to be 
attributed to "ainlaal cerebral dysfunction/” as well 
as the aore specific and consequential cognitive 
deficits that preeapt the educator's attention. The 
difficulty experienced by the older, reading-disabled 
child is then coaparable to that experienced by any 
younger, noras1 child (although the assuaptlon is not
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justified that therefore tha dyslexic will ultimately 
■atnrt sufficiently to "catch up"). In any case it 
would be assy to see why neuronal circuitry with a 
degree of underdifferentiation might lend itself only 
with difficulty to the higher levels of 
automatization."

Such "higher level autoamtization" is essential to 
Llederamna concept of hemispheric independence which 
would allow for independent information processing to 
guide the two hands. 81nee the tendency to reverse the 
direction of hand movement was only observed in a 
subgroup of the dyslexic sample (8/23), any further 
discussion of this finding necessitates a discussion of 
dyslexic subtyping which would go far beyond the goals 
of this study. Additional statistical analysis of the 
characteristics of those dyslexlcs in this study who 
reversed the direction of hand movement without visual 
feedback, has not as yet been undertaken. Similarly, 
Gladstone (1985) gives no report of such 
differentiation for those among his dyslexic sample who 
reversed direction of hand movement.

In summary, the findings 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



127

rely on th« perceptual feedback. This finding supports 
•n arguaent sadi by Oeschwlnd (parsonal cosamnlcatlon 
froa Danckla) that "vision is tha groat oqualisor for 
balance between the heaispheres." When vision is 
reaoved, the dyslexlcs aust depend solely on the 
precision of visual aeaory rather than visual 
perception to guide underlying aotor structures in the 
two heaispheres. Difficulty on this task aay tap into 
the ability of the two heaispheres to interact with 
each other to share lnforaation and be able to suppress 
overflow when unable to aonitor errors through 
knowledge of results. It is only under these unusually 
coaplex and constrained conditions that an lasuiturlty 
in the dyslexlcs' interheaispherlc collaboration skills 
is observed. This finding suggests that the use of 
visual feedback not only allows the dyslaxics to excel 
beyond the age-aatched readers, but also aasks the 
presence of an iaaaturlty in soae dyslaxics' skills 
necessary for this interheaispherlc task.
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Application* of Basic Research 
to Bducatlonal Practice

A question frequently raised In reletlon to basic 
research In brain organisation In dyslexia asks how 
this information Is relevant to the lives and laarnlng 
of dyslexic children and adults. Since 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. However, as 
Samuel Orton and those who continued his work believed, 
the key to "the treatment and prevention of many 
disorders have advanced only when 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 tha 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 interhemispherlc 
collaboration in motor skills are able to read at an
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•g« appropriate or above level. Consequently, any 
evidence of interheaispherlc collaboration difficulties 
should not be used to justify trsinlnq in BK>tor 
interheaispherlc transfer skills. Unfortunately, 
teaching approaches have often been based on correcting 
the deficiencies of inferred disorders (Denckla, 1978; 
Vellutlno, 1979). Training students in skills 
correlated with reading difficulty say have no relation 
to reading itself. Vhat then is the educational value 
of a study such as discussed here?

Several applications of these findings are 
relevant for reswdiation of dyslexia. The first and 
■ost significant issue is the esphasis these findings 
place on the individual difference which is observed 
asmng dyslexlcs and between dyslexlcs and norsal 
readers. Children with dyslexia show broad diversity in 
cognitive strengths and weaknesses denmnstrated in the 
dyslexia subtype literature. Understanding this 
variability is essential for defining a successful 
approach to teaching. In other words, the approach to 
teaching children with specific reading disability 
needs to be developsMntally based on the functional 
level of the individual child's skills rather than what 
is expected from age ox IQ level.

Dyslexic children often exhibit extras* 
discrepancies in strengths and weaknesses which cause
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them and adults working with them considerable 
confusion and misinterpretation of their academic 
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 failure and resistance to the 
hard work necessary for acquiring academic skills. It 
is particularly a problem for children like those 
described in this study who excel beyond their peers in 
some cognitive abilities yet suffer the embarrassment 
of failure in others. Such children derive great 
benefit from understanding the nature of their 
cognitive difficulties and association with peers who 
have similar problems.

One recent approach to the understanding of 
learning and cognitive abilities (Gardner, 1965) 
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 limltad 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 
Oeshwlnd's (1962) concept of "pathology of 
superiority". The work of Oeshwind and Oalaburda (1985) 
provides a neuroanatomical basis for the argument of 
discrepant skills or BHiltiple intelligences, all of 
which can be tremendously useful to educators and 
counsellors who are helping children understand why 
they are "saart" at soae things and "dumb" at other 
things.

Appropriate expectations for acadeaiic 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 reguires both 
specific diagnostic understanding of the cognitive 
strengths and weaknesses (or level of intelligences) of 
the child and an appropriate tmeching method which 
challenges growth in strengths and remediates areas of 
learning disability. When 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 failure are 
avoided. Consequently, the two main problems faced by 
educators working with learning disabled students are 
the problems of identifying and remediating the 
cognitive disability and the problems owing to
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psychological factors (esrctlonal adjustswnt, 
Motivation, salf concapt) that ara diractly and/or 
indiractly ralatad to being laarning disablad.

Ministal rasaarch is available for insight into 
tha affact a laarning disability has on personality 
developattnt. However, tha work of Cohen (1986) 
ldantifias s o m  of the key esmtional issues which these 
children with such discrepant skill levels snist face. 
In his study, Cohen discusses the esK>tional conflicts 
encountered in learning disabled students. He observed,

"The learning-disabled children and adolescents 
studied evidenced two n»jor emotional configurations: 
1) a low level, chronic depression; and 2) an unusually 
high propensity to experience distress, anxiety and 
panic anxiety. These eaotlonal 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, low-level 
depression. These depressive feelings were not related 
to internalised frustration, anger due to frustration, 
as Silver (1974) has described, but rather to the sad 
faelings of having lost a valued part of self. Often
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(but not always), this sansa of loss mbs ralatad to 
part of tha "head/brain".

Tha sad feeling that thara is a discrapancy 
batwaan what ona "Is" and what ona "ought" to ba, and 
tha ansuing frustration charactarizad both groups of 
youngstars studlad. Howavar, 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 sx>tor skills asK>ng tha dyslaxics as wall as 
signs of iasMturity in cerebral saturation in tha group 
emphasizes the importance of an educational approach 
which accounts for individual difference. Special 
remedial methods such as the multisensory approach to 
teaching are available for remediation. Similarly, 
research on teaching methods geared to different 
subtypes of dyslexia (Doehring, 1984) and the gifted 
dyslexic (Jones, 1986) has begun.

Research findings 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 kaap up with paars. Danek la (1965) discusses a 
study showing youngar dyslaxics having tha worst 
performance on a mep-walklng test, whlla oldar 
dyslexlcs (after Maturation of tha corpus callosum) 
showed performance superior to normals. She uses this 
finding as support for the argument that tha unique 
developmental course of dyslaxics must be considered 
in view of their ultimate potential. In other words, 
"what must be considered 'money in the bank' during 
early years may later be withdrawn and usefully applied 
for successful academic achievement''.
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Future Research

This ruiarch study demonstrates a 
perceptual-motor suparlorlty in ths dyslaxic subjscts 
unimanual parformanee as well as indications of 
immaturity in cerebral maturation in bimanual skill 
acquisition in a third of the dyslexic group. 
Additional research is needed in order to further 
ascertain the implications of these findings. 
8peciflcally, 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 which identify the 
dyslexic subgroup who reversed the direction of their 
hands or executed the bimanual task with alternating 
rather 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 determine the
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rtaptctlva contributions of the two hands whsn 
alternating, rather than performing slamltaneous 
movements?

3.) Does controlling for, or matching dyslexic and 
older reading subjects on unlmanual performance affect 
the comparison of the groups on bimanual performance?

Is^rovesmnts in the swthodology focus on expanding 
the capabilities of the apparatus in order to better 
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:

1.) 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 blaanual skill acquisition In dyslexlcs 
over a broader age range, Including perforaance of left 
bandars, feaales and specific subtypes of dyslaxics.

4.) Look at learning of biannual skill over aultlple 
trials to exaalne rate and style of learning.

5.) Adalnlster additional tests which have been shown 
to assess Interheaispherlc transfer (Neff, 1986) to 
further establish concurrent validity.
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APPUDIX A

ILLUSTRATION OP APPARATUS
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GL088BST OF TUNS

Dynaalc Coupling - A natural tandancy for tha two hands to perfora 
at aqulvalant ratas (Pagard, 1985) In blaanual aotor skill 
acquisition which affacts accuracy In angular velocity.
Angular Velocity - Tara used In blaanual aotor skill acquisition 
(Fagard, 1985) to designate tha ability to aanlpulate tha two 
knobs slaultaneously at the desired rata which will trace a target 
line.
Syawtrlcal Moveaent - Entrained aoveaent pattern In execution of 
the blaanual axperlaant where the two hands aove the knobs at 
equivalent rates and aaounts (1:1 ratio of aoveaent).
Asyaaetrlcal Moveaent - Entrained aoveaent pattern In the 
execution of the blaanual experlaent where the two hands aove the 
knobs at different rates and aaounts (2:1 ratio or 1:2 ratio) 
according to the target line.
Reversal - Tera used to describe perforaance observed In dyslexic 
and younger readers where the direction of an entrained biannual 
aoveaent of the hands (clockwise or counter clockwise) Is changed 
to aoveaent opposite to the Intended path and direction when 
visual feedback Is reaoved.
Correction - Adaptation In the turning of the knob which was Bade 
by all subjects whereby they changed the aoveaent of the cursor on 
the screen to return to the center of the pathway after observing 
deviation away froa the target line.
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Charlotte A. To m 1no, N.A. M.Phll. Whitt Plains, Mew York 10406

Dear Parent,
Tour son has been Invited to participate in an exciting research study being conducted in the Klldonan School. The study is on the acquisition of reading skills. It addresses aucn questions as:
"Why do s o m  children develop norMl reading skills while others fall to learn to read when they have had aaple educational opportunity and c o m  fro* supportive laaily environMnts?”
This study is being conducted by Charlotte ToMlno fro* the....-- .... ....... ----- *■*-- Kildonan video„___________ ______ _ _ _ _ _ _ _ _ _ _ _  ,__ ____  . .. __  tracea M z e  pathway and single pathways at varying angles. Youngsters participating in the pilot study have enjoyed the "gaM-like" computer experlMnt and learned s o m  new coaputer skills at theS S M  tlM.

This study is being conducted ny Charlotte t o m Ino trc City University of New York, with the cooperation of the Ki School. The research participants will be asked to play a gaM auch like a child's etcn-a-sketch gaM where they will

The first session involves the adalnistration of standardised neuropsychological tests lasting approxlaately an hour. Unnecessary testing will be avoided by using test, scores currently on file at the school. During the second session the youngsters will play a coaputer gaM on an Apple lie. This sessionlasts approxiMtely 35 alnutes. All infornatlon derived froa thetesting will be kept strictly confidential.
If you agree to have your son participate in this researchstudy, please sign below and return the rora in the enclosedenvelope.Your son's participation and the subsequent findings my pen*Hi other children In the futureT It you have any Questions please call m  at the above nuaber (or Dr. King at the school) and 1 will be happy to explain the study in greater detail.

Sincerely,

I consent to have ay son, _    . .participate in the research studydescribed aboveand havehii prior test scores Mde available.

signature bate

Printed N a M  Hone or Business Phone

Mo m  address
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APPMDIX D

Charlotte A. Toaelno, H.A. M.Mil. White Plains, New York 1051)5

Dear Parent,
Your son has been invited to participate in a research study being conducted in the White Plains Schools. The study is on the acquisition of reading skills. It addresses such questions as:"Why do sone children develop norasl reading skills while others fall to learn to read when they have had anple educational opportunity and cone froa supportive ranlly environments?"
This study is being conducted by Charlotte Tonalno from theCity University of New York, with tne cooperation of the WhitePlains School Bystea. The research participants will be asked to play a video gaae such like a child's etch-a-sketch gaae where they will trace a naze pathway and single pathways at varying angles. Youngsters participating in the pilot study have enjoyed the "gaae-llKe" coaputer experiment and learned soae new coaputer skills at the same time.

The first session involves the administration of standardized neuropsychological tests lasting approximately an hour. During the second session the youngsters will play a coaputer gaae on an Apple lie. This session lasts approximately 35 ainutes. All testing will be done In your child's school. All information derived froa the testing will be kept strictly confidential.
If you agree to have your son participate in this researchstudy, please sign below and return the rora in the enclosedenvelope. Your son's participation and the subsequent findings may penillt fltptl CnliflltD Id the luEuitI It you~ftave any" questions please call ae at the above nuaber (or Hr. Walters at the school) and I will be happy to explain the study in greater detail.

Sincerely,

I consent to have ay son participate in the research study described above and have his school testing scores aade available.

Signature Date

printed iaae Hoae or Business IPhone

Nona address
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Screening Battery and Ancillary Battary 
of Tests Administered

Intelligence: Dyslexlcs - WISC-R
Older Norami Controls - Cognitive Abilities Test, 
WISC-R Vocabulary and Block Design
Younger Normal Controls - Cognitive Abilities Test, 
WISC-R Vocabulary and Block Design.

Reading: Plat Word Recognition, Plat Reading
Comprehension, Woodcock/Johnson Word Attack, Myklebust 
Quotient.

Motor: Revised Neurological Examination of 8ubtle Signs 
(RNBSS), 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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SUU&ELAJUEBSLQS!
IMnORtOM TO nUBRii Flaaa* fill out U* fora to tho boot of four knowledge. 
If aoao fuoationa art not applicabla to your OilId, writ* In 0.A. if you noud 
nor* apace or uiah to oak* on additional ooaoant. plea—  attach a aofarato ahaot.
Child'a baoai Blrthdatai
Boo* Addreaa:________________________________________________________________

Boon Phone: ( ) 
Mother'a Maaei Father'a Maaei
Buainoaa Addraaa (Father/Mother 11 •

School Currently Attendinat Oradei
Addreaa:

Telephone: ( )
Mane of peraon fillin' out this form 
Bat*:_________________________

to Otild i
PWCMAMCJM:
Maa thia child adopted7 Tea No
Did you have any of th* followin' oooplicationa durinf thia pre'naney? 
If ao. indicat* which aonth:

An— la lifh Blood Fteaaur*___________ Swollen Ankl*a
Kidney Dia*aa* laart 0ia*aa*
Ceraan noaalea .loa*oia Stainin'
11— din* m  or other blood in— pitibility.
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„ % v

A l M U M *  M  early contractIonai
Otonic I U m m i i I Men aa IliMtH, kMnty Infection, thyroid, otc.

Otku IUm i m i  durint yttfntnty i

k ^ i u liution dut inf pc tenancy iU m i  than dot in* dallyary
bhan Uh v

OWtHlWI
la ■jury

Miicfc oodi cat ions, 11 any, did you taka dux in? thia prtenancy>

lo« ouch Mifht did you tala dut lot thia or tenancy?
Did you havo any othat oaaollcatlona? if ao, akat)

List all • t your prefnanciaa la otdot, including tha child to ho aaan. If a 
propnancy aadad la alacarriafa, atato at «hlch aonth. If you hava had aora than 
a la prefnanciaa, aontiaua on tha bock of thia pata.

lonath of Birth
far Maaa »t tenancy (in aoa.t wanht «aa Cawolicatlont

i ic t  hirrorr:

Haoa of ■oaoitali
Bow aany houia fcoo fit at contraction to birth?.
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Mora you «loon nodlootion7 IQo . Wo Wot kind?
■by It i t m t 

■or# you nndor aoMthoaia durlnf eklUkiitk; Tot 1
•It kind 7

Mtt labor induced? Tot Mo t v7
■put ____________ ^

Mm  tbo M y  born k M  flrttT t«i •  Don’t knou
Hart forcoft uaod? Tot Mo MhvT
Bid you bout t Caoaarian doctlon? Tot Mo 1M»»
Did tbo boby kora ony bruiMt? Tm  Mb bbotoT . v
■bo tbit o aultlyla blctliT tot M» • >» nonyJ______
Old thia baby havo bcoathinf yrobiaoo? Tot Mt 000*t knou
Mm  tbo eotd atound tbo nock Tm  Mt Don't knou
Did tbo boby cry Quickly? Tot MO Don't knou
M m  tbo baby'a color nornol? Tot NO Don't knou.

BiuoT_______ Tollou?.
If tbo baby wot yollow (jaundicodl, did bo roeoiuot

Chryoun? Tot Mo Dou loot 7
Trontfuaiont? Ttt Mo Dou otnyT
Phototherapy lli«btt)7 Tot We Dow otny daytT____

Mora tbort any otbor MtpHcotiMt before you toot tbo boby boooT
Tat Mo Mhot 7

Mm  tbo boby plocod in on incubator or cpociol ctlbT
Tot Wo Dou lowoT

Doe lanf after birth did you taka tbo boby boooT
PUtLT 1I1T0EY:

Stsuik
Did thia baby havo foodinp yroblooa? Tot Mo

Doacr Lbo thoo
I
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Mao tbo boby oollobyT In  lonfT________________________
014 U m  M y  rofulra farnula f t i m u ?  In  Ob

Doacriba tM  

Difficulty oustInf m  mi Infant? Iw  Mb

Difficulty obawlnf? T n  Op

Drool Inf p u t  2 1/1J Too Bo

Mao tha baby aoraally aetlvo? Too M

Doocflbo

Moo tbo boby nop? Too Mo
Mao tbo baby otiff? Too ’ Mo
014 tbo baby ahow anyanal traoblinf? Too Mo
014 tbo boby fall to trow aoraally? Too Mo
014 tbo baby fall to fain woifht? Too Mo
Moo thia boby 41fforont In any nay from bcothora or olotata. or fraa otbor chil4con 

bio/hor afo?
Taa bo Payeriba bow

w w  mittw"»fT
A«o oat alona boa tlo4_oboao______________
Afa walked without ho14inf on boo pa4ala4 tricvcla
Afo fo4 oalf boo rolo blcvclo
bfa 4roaao4 oolf

lanouaoa Mllootonooi 
Afo oyota firot wntdo 
Afo put 2-3 wot4a tnaatbat 
Afo foo4 oontonca atructura
«patch pr obi ana? » - ______ — __ baaatlba
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»ll«tin*:
h«a trained for urina? tar aouala
•ad oottlna? tea .... . ta haa Itarted? taw oftan?

haa controlled?
Did (a)ha hava urine accldenta durina tha day7 taa ta
Old (alha hava aolllna? tea ta

n & U M ,  issronr
■aa your child bad oaninaitla or ancaohalitia? taa ta

Mhat aaa?
■aa your child had a head inlury? taa ta

Loaa of conaciouanaaa?
Did your child hava any aionlfleant lnlurioa? ha ta
■aa your child avar had hi«h or prolonged favara? taa ta
Did (a) ha hava frequent oar infection!? Taa Wo
Opai (a) ha hava any viaual defects? Til Me
Did (•)hi have any hoarlnq defecta? Ta» Wo
Ooas (a)ha buffer froa Mart dlaeaia? Yal do
Doei (a)ha hava aathaa? Taa mb

k i  yeuc child had aeliuraa? taa Ho haa at (lilt aaixuia
■aa your child had apiaedaa of unconaclouanaia? Taa do
■aa your child boan hoapltalltadT taa Mo

Aaa taaaon
Oaa taaaon

tiat any other uneotaon childhood lllnaaaoa your child haa hadi
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Dm * your eh lid frequently aaaplaln of i
■eadache? Tee Do Mauaea? Tea Da
Maakneaa? Tea Ho Stoaachechea? tea Da
Dlxaineaa? tea Wo Qtronle COnatipation? tea Da
Trouble with tie ion? tea Do Chronic Diarrhea? tea Ho 
Trouble with hearine? Tee ao
Other? To*_______ Do What?______________

LI at any oodleatlona that your child baa taken in the pact for nora than a 
aonth (include docafe fiaea and reaaon it uaa taken)i

Liat any aedicationa your child ia currently takln« (include daaaqe and 
raaaon for takinf it)i

Baa your child had:
lye eaaa? tea Wo M e  heaulta
■ear inf eaaa? tea Wo kae ■eaulta
BC? tea Wo Heaulta
Other apecial nodical teata? * * n c ^ ^ ^ ^ _ ^ ^ _ _ ^ _ _  

■caulta
■eve you eonaulted any aadical apeciallata far the child? 

tea Wo Why?
kae >eaaon

■eaulta
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*• ..

I P 1"’"* M B  SOCIAL DISTORT!
Mho U n i  in th* ho— 7
b i  there elynifleant aarital conflicts? Too Mo
Are there siynificant conflict* hot—  chili and parent? T*» Wo
Do poronto a«r*« on how to discipline child? Tea ho
Mho disciplines and how?

d— a your child re*pond to diacipliM?_
Do*a your child have difficulty fattint aIon* with childran hie own eye? 

wo* ho
\

0—  a your child hawo difficulty yattlny alony with adulta?
Tea

low d— a (a)ha occupy hiaaalf?_

Sow doaa your child par fora athletically?
Check the onaa that daacrlbe your child>
thv 7 X— atur*?_
Mall —  havad?______________________  dtub— rn?_
I— ulaiva? More active than other children?..
Clu— y uainy hi* hand*? Cluesy in waltiny?
Doaa your child or did your child m i  havai
Taoper tantru— 7 Poor handwritlny?
Sleep oroblaea? Dead hanyiny?
Biaht— raa? t—  waltiny?
Diant *— 11*7 Thus* auetiny?_
Pal liny a— lla? Tie* or twltehiny?_
Averaya intalliyanca?_______________ Difficulty ataylny with one— — — — — — - activity for a raaaonaol*

lenyth of ti—  ?____________
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you cklll eaei N (  paint, paper, ete.T Tea Wo
Which hand <Mi yeur child use asst often? hlaht Left

hpa established?
Doaa your child aultch hands? m  Ha
■m  your child M  Motional, adjustment or behavioral yiotlNil 

Too WO
■as your eft114 receive* any psycholofical or psychiatric treataant?

Whoa 7 Often
Place?

ISSSkJUH2S2' <1* applicable)
Did your eft lid attend nuraary acbool or a preecftool prof ran?

laa lb  ftoa atattad
•era tftere pcobiana7 Tea We If yea, deacrlbei

Did your child attend drat trade? tea Wo Asa started.
Ware there proftlena? tea We If yea, deacr lbe i

Wa the acftool currently reported ptoblMd uithi
headina? Tea Mo haftavlor? Tea No
Spellina? Tea Wo Social rfjuatoent? fei No
Mr itina? Tea Mo Attention span? ws No
Arithaatic? Tea No Tea No
Door your child like school? Tea We
■as any psycholotleal testinf bean dona? Tea Wo

by tdiooT When?
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la your child in a apecial education elaaa? >aa Mo
Mi at hind?
Wien uaa (a)ho placed there?

Doaa your child cocoivo any apecial services in school (rscoutca toco, tutoring, 
in d u l  reading, speech, ate.)?

Tea Ha Chat services?
Tot how lone?

■ave you gotten any help pr ivataly for your child? Taa Oo

Mat sort?
*y whop?
When? ' daw of tan?

JMUfcX-SUZSSli
(omn r u m  urr mjmu or aiioaw n odaw or Biam>

ichool or 
Behavior

hot Iducatlon (arada) Occupation Health •Prohleo
father
Mother______________________________________________________________________

Did anyone in your iaoediate faaily or other relative have any of the following? 
(Xf ao. who?)
Neurological diaaaaa? Tea Mo

Seiauraa (epilepsy)? fee Mo
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■atrinf problMil Im  fc
VliMl rrotlm} Tot ■»
kttlOMl probi tat7 Ttt lb
Ntnttl rtttt dotlon7 ttt Mb
llowittt In ttlkinf7 Ttt Wo
Slovnttt in vtlklnf? Ttt an
■yportctivity? Ttt Mb
Lotrninf probltat? Ttt at
Slalltt probltat to child? Ttt Wo
Dott tny dittos* tun in the (tally? Ttt Wo

Witt?_________________________________________________

Additional
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TABLE 1

Comparison of Dyslexic and Ata Hatched and Older Reading Groups 
On Screening Battery Tests

Dyslexic Older
Mean SD Mean SD t Prob

Vocabulary 10.13 1.69 11.95 2.27 3.12 • •
Block Design 10.95 1.95 11.79 2.96 1.07

ATTENTION
Hyperactivity Index-Teacher .3652 . 321 .2632 .329 1.01
Hyperactivity Index-Parent 1.70 3.26 . 3579 .209 1.99
READING
Hyklebust Quotient .6952 .09 1.16 .160 12.16 • ••
Piat Word Recognition Grade Level 5.79 1 .95 12.90 0.00 15.90 • ••
Piat Word Comprehension Grade Level 6.79 2.29 11.06 1.93 6.56 • • *
W/J Word Attack 6.10 1.66 12.90 0.00 26.57 • ••

LATERALITY
Laterality Hand (Hax • 11) 10.96 .21 9.95 .97 6.65 • •
Laterality Foot (Max * 2) 1.79 .52 1.73 .56 .27
Laterality Eye 0 or 1 .926 .39 .99 .32 .62

PERCEPTUAL/SPATIAL
Benton Spatial Memory 13.79 1.63 13.53 1.35 .51
Judge of Line Orientation 25.93 3.26 25.63 2.91 .20

• p. < .05 •• p. < .01 ••• p. < .001. two--tailed. connected.

i
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TABLE 2

Comparison of Dyslexic and Younsar Reading Groups 
On Scrssninf Battary Tssts

Dyslsxic Younger
Mean SD Mean SD t Prob

Vocabulary 10.13 1.69 15.5 2.31 8.62 • ••
Block Design 10.96 1.85 16.16 2.16 6.79 • »»

ATTENTION
Hyperactivity Index-Teacher .3652 .321 .6357 .337 0.66
Hyperactivity Index-Parent 1.70 3. 26 .5163 .266 1 . 76

READING
Hyklabust Ouotient .6952 .096 1.16 .099 13.86 • ••
Piet Word Recognition Grade Level 5.78 1 .95 5.20 1.01 1.20
Piat Word Comprehension Grade Level 6.79 2.29 5.06 .913 3.22 • •
W/J Word Attack 6.10 1 . 66 8.92 3.22 5.28 *•»

LATERALITY
Laterality Hand (Max ■ 11) 10.96 .21 9.66 1.55 3.15 • •
Laterality Toot (Max • 2) 1.78 . 52 1.5 . 760 1.35
Laterality Eye 0 or 1 .826 .39 .5716 .516 1.71

PERCEPTUAL/SPAT1AL 
Benton Spatial Memory 
Judge of Line Orientation

13.76 1.63 11.29
26.83 3.26 20.16

1.66 
6.61

6.23 ••
6.09 ••
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TABLE 3
Comparison of Older and Younger Reading Groups

On Screening Battery Tests

Older Younger
Mean SD Mean SD t Prob

Vocabulary 11.95 2.27 15.5 2.31 6.61 • •
Block Design 11.79 2.96 16.16 2.16 2.56 •

ATTENTION
Hyperactivity Index-Tsschsr .2632 . 33 .6357 .337 1.68
Hyperactivity Indsx-Parent . 3579 .21 .5163 .266 1.89
READING
Myklebust Quotient 1.16 . 16 1.16 .099 .01
Piat Word Recognition Orade Level 12.90 0.00 5.2 1.01 33.63 • • a
Piat Word Coaiprehension Grade Level 11.06 1.83 5.06 .913 12.36 • • »
W/J Word Attack 12.90 0.00 6.92 3.22 5.61 • « •

LATERALITY
Laterality Hand <Hax • XI) 9.95 .97 9.66 1.55 .69
Laterality Foot (Max • 2) 1.76 .562 1.5 .760 1.03
Laterality Eya 0 or 1 .6967 .315 .5716 .516 2.26
PERCEPTUAL/SPATIAL
Banton Spatial Memory 13.53 1.35 11.29 1.68 6.25 • •
Judge of Line Orientation 25.63 2.91 20.16 6.61 6.19 • 6
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TABLE 6
Breakdown by Naan kae in Honthe for all Subject Groups

1 N 1 Hean SO
Dyslexic* 1 23 1 181.56 17.06

Older 1 19 1 180.00 15.88

Younger 1 19 1 92.93 5.6
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TABLE 5

Comparison of Dyslexic and Reading Groups for Age Hatch

Dyslexic Older
Age Range 1 N 1 Mean SD N 1 He an I SD 1 t 1 Prob

12 to 16 1 23 1 1(1.56 17.06 19 1 1(0.00 1 15.(( 1 0.31 1

12. to 15.5 1 10 1 165.30 12.90 10 1 165.20 1 16.79 1 0.63 1
15.5 to 16.11 1 13 1 196.06 * 6.29 9 1 192.00 1 3.61 1 1.19 1



1SI
TABLE 6

Comparison of Dysloxic and M s  Matchsd
Readers on Ancillary Battary Tasta

Dyslsxic Oldar
1 Hsan SD Maan SD 1 t Prob

READINC 1I
RAN color 1 38.97 6.30 30.21 6.66 1 4.97
RAN nunbar 1 24.SH 5.69 19.94 3.32 1 4.11 • •
RAN objects 1 46.74 7.29 39.00 6.52 1 6.05 • •
RAN 1attars I 26.52 7.57 19.63 3.52 1 6.65 • •

MOTOR 1i
Purdua Pagboard R 1 14.13 1.69 14.33 1.41 1 0.41
Purdua Pagboard R 1 14.91 1.99 14.94 1.39 I 0.06
Purdue Pagboard L 1 13.09 1 .31 12.22 1.17 1 2.20
Purdus Pagboard L 1 14.22 1.39 13.78 1.22 1 1.07
Purdua Pagboard B 1 10.97 1.25 10.76 1.26 1 0.23
Purdue Pegbosrd B 1 11.26 1.42 11.00 1.695 1 0.57

RNIS5 11
L foot tap time 1 51.52 11.64 49.53 8.95 1 0.61
L foot tap mirror 1 .0435 .209 0.0 0.0 1 0.91
L foot tap overflow 1 0.0 0.0 .1053 .315 1 1.61
L foot tap dysrythmia 1 .6097 .499 .1579 .375 1 3.25 • •
L foot tap sequence 1 0.0 0.0 0.0 0.0 1 0.0

L haal/toa time
1
1 79.74 16.11 66.84 12.45 1 3.11 •

L haal/toa mirror 1 .0635 .209 .0526 .229 1 0.14
L heal/too overflow 1 .2176 .622 .1579 .375 1 0.48
L haal/toa dysrythmia 1 .9696 .344 .7368 .652 1 1.08
L haal/toa aequance 1 .3913 .499 .3158 .479 1 0.50

L hand pat time
1
V 39.97 6.61 60.89 7.55 1 1.02

L hand pat mirror 1 .097 .299 0.0 0.0 1 1.31
L hand pat overflow 1 .1739 .399 0.0 0.0 1 1.95
L hand pat dysrythmia 1 .1739 .399 .1053 .315 1 0.62
L hand pat aequance 1 0.0 0.0 .0526 .229 1 1.10

L hand p/s tims
1
1 63.65 13.77 56.05 9.73 1 2.02

L hand p/s mirror 1 0.0 0.0 0.0 0.0 1 0.0
L hand p/s overflow 1 .097 .299 0.0 0.0 I 1.31
L hand p/s dysrythmia 1 .2609 .45 .1053 .315 1 1.27
L hand p/s ssquence 1 .097 .299 .0526 .229 1 0.42



TABLE 6
(Continued)
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L finger tap tine
1
1 55.30 6.67 56.79 9.08 0.59 1

L finger tap nlrror 1 .0935 .209 0.0 0.0 0.91 1
L finger tap overflow 1 .3093 .970 . 1053 . 315 1.57 1
L finger tap dyarythnia 1 0.0 0.0 . 1053 .315 1.61 1
L finger tap aequance 1 0.0 0.0 0.0 0.0 0.0 1

L finger aeq tine
1
1 10.57 16.59 73.26 17.01 1.91 1

L finger aeq nlrror 1 .1739 .388 .1579 .375 0.19 1
L finger aeq overflow 1 .9522 .987 .9737 .513 1.15 1
L finger aeq dyarythnia 1 .6522 .987 .5737 .513 1.15 1
L finger aeq aequance 1 .3913 .999 .3689 .996 0.15 1

R foot tap tine
1
1 91.10 10.73 50.00 8.88 0.55 1

R foot tap nlrror 1 0.0 0.0 0.0 0.0 0.0 1
R foot tap overflow 1 .0935 .209 0.0 0.0 0.91 1
R foot tap dyarythnia 1 .9399 .507 .2105 .919 1.59 1
R foot tap aequance 1 0.0 0.0 0.0 0.0 0.0 1

R heel/toe time
1
1 79.79 20.29 65.53 13.73 1.69 1

R heel/toe mirror 1 .0935 .209 0.0 0.0 0.91 1
R heel/toe overflow 1 .087 .288 .0526 .229 0.92 1
R heel/toe dyarythnia 1 .8696 .399 .6316 .996 1.83 1
R heel/toe aequance 1 .2609 .999 .3689 .996 0.79 1

R hand pat tine
1
1 36.13 9.18 37.16 6.91 0.63 1

R hand pat nlrror 1 .0935 .209 0.0 0.0 0.91 1
R hand pat overflow 1 .1739 .388 0.0 0.0 1.95 1
R hand pat dyarythnia 1 .0935 .209 .0526 .229 0.19 1
R hand pat aequenee 1 0.0 0.0 0.0 0.0 0.0 1

R hand p/a tine
1
t 57.83 12.52 53.79 9.53 1.17 1

R hand p/a nlrror 1 0.0 0.0 0.0 0.0 0.0 1
R hand p/a overflow 1 0.0 0.0 0.0 0.0 0.0 1
R hand p/a dyarythnia 1 .0935 .209 0.0 0.0 0.91 1
R hand p/a aequance 1 0.0 0.0 0.0 0.0 0.0 1

R finger tap tine
1
1 53.09 5.56 59.53 9.22 0.62 1

R finger tap nlrror 1 .0935 .209 0.0 0.0 0.91 1
R finger tap overflow 1 .5217 .511 .0526 .229 3.95 1 • •
R finger tap dyarythnia 1 .0935 .209 .1053 .315 0.76 1
R finger tap aequance 1 0.0 0.0 0.0 0.0 0.0 1



TABLE 6
(Continued)
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It fincor aeq tin* 1 
A finter aeq mirror 1 R finter aeq overflow 1 
R finter aeq dysrythmia 1 
R finter aeq aequence 1

77.6B 
.1)06 
. 6)57 
.6522 
.306)

16.16
.366
.670
.667
.670

1 66.95
1 .0526 
1 .5789 
1 .3666 
1 .2105

15.98
.229
.507
.696
.619

1.70 1 
0.86 1 
0.77 1 
1.86 1 
0.66 1

Heel walk errors 1 2.09 .90 1 1.26 .991 2.82 1 •
Heel walk overflow R I .5662 .507 1 .2632 .652 2.02 1
Heel walk overflow L 1 .5217 .511 1 .3686 .696 0.96 1

Toe walk Errors 1 .5217 .698 1 .1053 .659 1.96 1
Toe walk overflow R 1 .067 .286 1 .1053 .315 0.20 1
Toe walk overflow L 1 .1306 .366 1 .1053 .315 0.26 1

Side foot walk Errors 1 1.57 .965 1 1.00 1.00 1.66 1
Side foot walk overflow R 1 .5217 .511 1 .1579 .375 2.58 1 *
Side foot walk overflow L 1 .6067 .699 1 .6211 .507 1.20 1

Tandem walk forward Errors 1 .1676 .665 1 .0526 .229 1.56 1
Tandem walk backwards 1 1.57 1.06 1 .5263 .905 3.33 1 • •

sustination posture time 1 1.76 1.39 1 1.62 1.22 0.78 1
sustination posture fall 1 .6696 .366 1 .6621 .375 0.25 1
sustination posture arms 1 .6368 .507 1 .1579 .375 1.96 1

sustination stsadineas time 1 0.0 0.0 1 .1579 .660 1.10 1
sustination stsadiness ovarflol .6763 .511 1 .3158 .678 1.06 1
sustination steadiness time 1 . 1306 .366 1 .1579 .501 0.21 1
CONSTRUCTIONAL 1
Beery 1 20.67 2.20 1 20.66 1.77 0.03 1
Beery-top 1 171.71 3.23 1 166.11 6.05 3.55 1 • •
LANGUAGE 1
Token Test 1 16.39 1.69 1 16.56 1.39 6.33 1 • •
Boston Naminf Tsst 1 67.72 5.73 1 51.63 6.50 2.25 1
PRACTICE EFFECT 1
Vidso Game 1 1.27 1.16 1 1.62 .902 0.65 1



TABLE 7

Comparison of Dyslsxic and Younger
Readers on Ancillary Battery Tests

Dyslsxic Younger
1 Mean SD 1 Mean SD t Prob

READING 11
RAN color 1 It.*7 4.30 1 44.92 10.14 2.95 s
RAN ntssber 1 24.41 5.48 1 29.43 4.57 2.47
RAN obiacts 1 44.74 7.29 1 58.29 15.87 2.54 s
RAN letters 1 24.52 7.57 1 29.93 7.45 1.34

MOTOR 11
Purdue Pegboard R 1 14.11 1.49 1 11.71 1.82 4.11 ss
Purdue Pegboard R 1 14.91 1.88 1 12.92 2.10 2.92 s
Purdue Pegboard L 1 11.09 1.31 1 10.44 1.28 5.55 • at
Purdue Pegboard L 1 14.22 1.38 1 11.54 1.27 5.74 ss*
Purdue Pegboard B 1 10.87 1.25 1 8.84 1.03 5.05 **#
Purdue Pegboard B 1 11.24 1.42 1 9.54 1.9 3.09 *

RNESS 11
L foot tap time 1 51.52 11.44 1 71.0 14.14 4.55 ***
L foot tap mirror 1 .0435 .209 1 0.0 0.0 0.78
L foot tap overflow I 0.0 0.0 1 .1429 .343 1.90
L foot tap dysrythmia 1 .4087 .499 1 .50 .519 0.43
L foot tap sequence 1 0.0 0.0 1 .2143 .424 2.44

L heel/toe time
1
1 79.74 14.11 1 111.14 34.34 3.24 **

L heel/toe mirror 1 .0435 .209 1 .0714 .247 0.34
L heel/toe overflow 1 .2174 .422 1 .5714 .514 2.28
L heel/toe dysrythmia 1 .8494 .344 1 .9284 .247 0.55
L heel/toe sequence 1 .3913 .499 1 .3571 .497 0.20

L hand pat time
1
1 38.87 4.41 1 53.21 12.14 4.23 ss

L hand pat mirror 1 .087 .288 1 .0714 .247 0.14
L hand pat overflow 1 .1739 .388 1 .2143 .424 0.30
L hand pat dysrythmia 1 .1739 .388 1 .3571 .497 1.25
L hand pat sequence 1 0.0 0.0 1 0.0 0.0 0.00

L hand p/s time
1
1 43.45 13.77 1 71.71 19.53 1.47

L hand p/s mirror 1 0.0 0.0 1 0.0 0.0 0.00
L hand p/s overflow 1 .087 .288 1 .2143 .424 1.09
L hand p/s dysrythmia 1 .2409 .45 1 .4284 .514 1.04
L hand p/s sequence 1 .087 .288 1 .0714 .247 0.14



TABLE 7
(Continued)

L fingar tap tima
1
1 SS.30 6.67 1 77.57 9.12 0.56 • ••

L fingar tap mirror 1 .OSIS .209 1 0.0 0.0 0.70
L fingar tap overflow 1 .30*3 .*70 1 .7857 .*26 3.13 •
L fingar tap dysrythmia 1 0.0 0.0 1 .50 .519 *.66 • ••
L finger tap sequence 1 0.0 0.0 1 0.0 0.0 0.00

L fingar saq tima
1
1 S0.S7 16.5* 1 1*0.0 **.69 *.62 • ••

L fingar aaq mirror 1 .1739 .380 1 .*286 .51* 1.71
L fingar saq ovarflow 1 .*522 .*07 1 .0571 .363 1.36
L fingar saq dysrythmia 1 .6522 .*87 1 .7057 .*26 0.85
L fingar saq saquanca 1 .3913 .*99 1 .21*3 .*26 1.10

R foot tap tima
1
1 *0.30 10.73 1 63.36 9.997 6.2* • •

R foot tap mirror 1 0.0 0.0 1 0.0 0.0 0.00
R foot tap ovarflow 1 .0*35 .209 1 0.0 0.0 0.78
R foot tap dysrythmia 1 .*3*8 .507 1 .21*3 .*26 1.36
R foot tap saquanca 1 0.0 0.0 1 .1*29 .363 1.90

R haal/toa tima
1
1 7*.7* 20.2* 1 10*.23 30.87 3.*7 • •

R haal/toa mirror 1 .0*35 .209 1 0.0 0.0 0.78
R haal/toa ovarflow 1 .007 .208 1 .50 .519 2.73 •
R haal/toa dysrythmia 1 .0696 .3** 1 .9286 .267 0.55
R haal/toa saquanca 1 .2609 .**9 1 .2057 .*69 0.16

R hand pat tima
1
1 36.13 *.10 1 *0.*3 6.01 7.3* • ••

R hand pat mirror 1 .0*35 .209 1 0.0 0.0 0.70
R hand pat ovarflow 1 .1739 .300 1 .21*3 .626 0.30
R hand pat dysrythmia 1 .0*35 .209 1 .2057 .669 1.03
R hand pat saquanca 1 0.0 0.0 1 0.0 0.0 0.00

R hand p/s tima
1
1 57.83 12.52 1 6*.15 1*. 06 1.39

R hand p/s mirTor 1 0.0 0.0 1 0.0 0.0 0.00
R hand p/s ovarflow 1 0.0 0.0 1 .3571 .*97 3. *0 • •
R hand p/s dysrythmia 1 .0*35 .209 1 .2057 .*69 1.83
R hand p/s saquanca 1 0.0 0.0 1 0.0 0.0 0.00

R fingar tap tima
1
1 53.09 6.66 1 70.00 8.18 7.12 • ••

R fingar tap mirror 1 .0*35 .209 1 0.0 0.0 0.70
R fingar tap ovarflow 1 .5217 .511 1 .50 .519 0.12
R fingar tap dysrythmia 1 .0*35 .209 1 .3571 .*97 2.2*
R fingar tap saquanca 1 0.0 0.0 1 0.0 0.0 0.00



TABLE 7
< Continued)

It f in«*r eeq tiaw 1 
R finter eeq mirror 1 
R finter eeq overflow 1 
R finter eeq dysrythmia 1 
R finter eeq eequence 1

77.40 
.1104 
.4957 
. 4522 
.304]

14.34
.344
.470
.407
.470

1 137.0 
1 .3571 
1 1.0 
1 .9206 
1 .50

15.50
.497
0.0
.267
.519

1 10.4 
1 1.64 
1 2.41 
1 2.23 
1 1.1B

• • •

Heel walk errors 1 2.09 .90 1 2.93 .267 1 4.19 • •
Heel welk overflow R 1 .5442 .507 1 .0571 .363 1 1.00
Heel walk overflow L 1 .5217 .511 1 .0571 .363 1 2.14

Toe walk Errors 1 .5217 .090 1 1.06 1.03 1 4.16 • •
Toe walk overflow R 1 .007 .200 1 .4206 .514 1 2.20
Toe walk overflow L 1 . 1304 .344 1 .3571 . .497 1 1.64

Side foot walk Errors 1 1.57 .945 1 2.57 .756 1 3.37 • •
Side foot walk overflow R 1 .5217 .511 1 1.0 0.0 1 3.40 • •
Side foot walk overflow L 1 .4007 .499 1 .9206 .267 1 2.53 •

Tandem walk forward Errore 1 .3470 .005 1 1.14 1.29 1 2.22
Tandem walk baokwarde 1 1.57 1.00 1 2.0 .704 1 1.31

Sustination posture time I 1.74 1. 39 1 1.36 1.34 1 0.02
Sustination posture fell 1 .0090 .344 1 .7057 .426 1 0.66
Sustination posture arsis 1 .4340 .507 1 .1429 .363 1 1.00

Sustination steadiness time 1 0.0 0.0 1 .0714 .267 1 1.29
Sustination steadiness overflol .4703 .511 1 .0571 .363 1 2.42
Sustination steadiness time 1 .1304 .344 1 .2143 .426 1 0.66

CONSTRUCTIONAL 1
Beery 1 20.47 2.20 1 15.14 2.03 1 6.23 • ••
Beery-top 1 171.72 3.23 1 121.36 17.47 1 10.65 • ••

LANGUAGE 1
Token Test 1 14.39 1.49 1 14.36 2.37 1 0.04
Boston Namins Test 1 47.72 5.73 1 40.06 3.74 1 3.00 • •

PRACTICE EFFECT I
Video Game 1 1.27 1.14 1 1.93 1.07 1 1.70
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TABLE B

Ceaatriion of Oldor and Youngar
Readers on Ancillary Battery Tasta

Oldar Younger
1 Naan SD 1 Naan SD 1 t Prob

READING 11
RAN color 1 10.21 6.66 1 46.92 10.16 1 5.55 • ••
RAN nisaber 1 11.*4 3.32 1 29.43 6.57 1 5.53
RAN obiecta 1 31.00 6.52 1 58.29 15.87 1 6.51 • *
RAN lattara 1 11.43 3.52 1 29.93 7.45 1 5.26 • ••

ROTOR 1■
Purdua Pagboard R 1 14.13 1.41 1 11.71 1.82 1 4.59 • ••
Purdua Pagboard R 1 14.94 1.39 1 12.92 2. 10 1 3.23 • a
Purdua Pagboard L 1 12.22 1.17 1 10.64 1.28 1 3.65 • •
Purdua Pagboard L 1 13.7* 1.22 1 11.54 1.27 1 6.98 **•
Purdua Pagboard B 1 10.7* 1 .26 1 8.86 1.03 1 4.62 • ••
Purdua Pagboard B 1 11.00 1.495 1 9.54 1.9 1 2.60

RNESS 1■
L foot tap tima 1 49.S3 (.95 1 71.00 16.14 1 5.34 • 6*
L foot tap mirror 1 0.0 0.0 1 0.0 0.0 1 0.00
L foot tap ovarflow 1 .1053 .315 1 .1429 . 363 1 0.32
L foot tap dyarythnia 1 .1579 .175 1 .50 .519 1 2.20
L foot tap sequence 1 0.0 0.0 1 .2163 .626 1 2.21

L haal/toa time
1
1 (6.*4 12.45 1 111.14 34.36 1 4.61 • • •

L heal/toe mirror 1 .0526 .229 1 .0716 .267 1 0.22
L haal/toa overflow 1 .1579 .175 1 .5716 .514 1 2.68 •
L haal/toa dyarythnia 1 .736* .652 1 .9286 .267 1 1.41
L haal/toa sequence 1 .315* .478 1 .3571 .497 1 0.26

L hand pat tima
1
1 40.(9 7.55 1 53.21 12.16 1 3.59 44

L hand pat mirror 1 0.0 0.0 1 .0714 .267. 1 1.17
L hand pat ovarflow 1 0.0 0.0 1 .2163 .426 1 2.21
L hand pat dyarythnia 1 .1051 .315 1 .3571 .497 1 1.78
L hand pat aaquanca 1 .0526 .229 1 0.0 0.0 1 0.(5

L hand p/a time
1
1 56.05 9.73 1 71.71 19.53 1 2.76 a

L hand p/a mirror 1 0.0 0.0 1 0.0 0.0 1 0.00
L hand p/s ovarflow 1 0.0 0.0 1 .2163 .626 1 2.21
L hand p/s dysrythmia 1 .1053 .315 1 .4286 .514 1 2.24
L hand p/s saquanca 1 .0526 .229 1 .0716 .267 1 0.22



T U L E  8
(Continued!

L fingar tap time
1
1 56.7% 9.08 77.57 9.12 6.50 1 *«•

L fingar tap mirror 1 0.0 0.0 0.0 0.0 0.00 1
L fingar tap ovarflow 1 .1051 .315 . 7857 .426 5.28 1 »•»
L fingar tap dyarythnia 1 .1053 . 315 .50 .519 2.71 1 •
L fingar tap aaquanca 1 0.0 0.0 0.0 0.0 0.00 1

L fingar aaq tima
1
1 73.26 17.01 140.0 64.69 5.14 1 • ••

L fingar aaq mirror 1 .1579 0. 375 .6286 .516 1.75 1
L fingar aaq ovarflow 1 .6737 .513 .8571 . 363 2.39 1
L f ingar aaq dyarythnia 1 .4737 .513 .7857 .426 1.85 1
L fingar aaq aaquanca 1 .3686 .496 .2143 .426 0.94 1

R foot tap tima
1
1 50.00 8.88 63. 36 9.997 4.05 1 • •

R foot tap mirror 1 0.0 0.0 0.0 0.0 0.00 1
R foot tap ovarflow 1 0.0 0.0 0.0 0.0 0.00 1
R foot tap dyarythnia 1 .2105 .419 .2143 .426 0.03 1
R foot tap aaquanca 1 0.0 0.0 . 1429 .363 1.72 1

R haal/toa tima
1
1 65.53 13.73 104.23 30.87 4.24 1 • •

R haal/toa mirror 1 0.0 0.0 0.0 0.0 0.00 1
R haal/toa ovarflow 1 .0526 .229 .50 .519 3.02 1 •
R haal/toa dyarythnia 1 .6316 .496 .9286 .267 2.21 1
R haal/toa aaquanca 1 .3684 .496 .2857 .669 0.68 1

R hand pat tima
1
1 37.16 6.41 68.43 6.01 5.13 1 • ••

R hand pat mirror 1 0.0 0.0 0.0 0.0 0.00 1
R hand pat ovarflow 1 0.0 0.0 .2163 .626 2.21 1
R hand pat dyarythnia 1 .0526 .229 .2857 .669 1.72 1
R hand pat aaquanca 1 0.0 0.0 0.0 0.0 0.00 1

R hand p/a tima
1
1 53.76 9.53 64.15 14.06 2.50 1

R hand p/a mirror 1 0.0 0.0 0.0 0.0 0.00 1
R hand p/a ovarflow 1 0.0 0.0 .3571 .497 3.15 1 •
R hand p/a dyarythnia 1 0.0 0.0 .2857 .469 2.67 1 •
R hand p/a aaquanca 1 0.0 0.0 0.0 0.0 0.00 1

R fingar tap tima
1
I 56.53 9.22 70.00 8.18 4.99 1 • ••

R fingar tap mirror 1 0.0 0.0 0.0 0.0 0.00 1
R fingar tap ovarflow 1 .0526 .229 .50 .519 3.02 1 •
R fingar tap dyarythmia 1 .1053 .315 . 3571 .497 1.78 1
R fingar tap aaquanca 1 0.0 0.0 0.0 0.0 0.00 1



TABLE ■
(Continued)

R finter see time 1 il.H 15.99 1 137.0 15.50 11.69 1 • * #
R finter see mirror 1 .0526 .229 1 .3571 .697 2.13 1
R finter see overflow 1 .57(9 .507 1 1.0 0.0 3.09 1 •
R f inter see dysrythmia 1 .36(9 .696 1 .9296 .267 6.17 1 • •
R finter see seeuence 1 .2105 .619 1 .50 .519 1 .77 1

Heel wslk errors 1 1.26 .991 1 2.93 .267 6.99 1 • ••
Hsel wslk overflow R 1 .2632 .652 1 .9571 . 363 6.06 1 • •
Heel wslk overflow L 1 .36(6 .696 1 .9571 . 363 3.12 1 •

Toe wslk Errors 1 .1053 .659 1 1.96 1.03 5.96 1 • ••
Toe wslk overflow R 1 . 1053 .315 1 .6286 .516 2.26 1
Toe wslk overflow L 1 .1053 .315 1 .3571 .697 1 .79 1

Side foot wslk Errors 1 1.00 1.00 1 2.57 .756 6.93 1 • ••
Sids foot wslk overflow R 1 .1579 .375 1 1.0 0.0 (.38 1
Side foot wslk overflow L 1 .6211 .507 1 .9286 .267 3.72 1 • •

Tandem walk forward Errors 1 .0526 .229 1 1.16 1.29 3. 12 1 •
Tandem walk backwards 1 .5263 .905 1 2.0 .7(6 6.(9 1 • ••

sustination posturs time 1 1.62 1.22 1 1.36 1.36 0.16 1
sustination posture fall 1 .(621 .375 1 .7857 .626 0.60 1
sustination posturs arms 1 .1579 .375 1 .1629 .363 0.12 1

sustination steadiness time 1 . 1579 .699 1 .0716 .267 0.50 1
sustination steadinsss overflol .3159 .679 1 .8571 .363 3.55 1 • •
sustination steadinsss time 1 .1579 .501 1 .2163 .626 0.36 1
CONSTRUCTIONAL 1
Beery 1 20.69 1.77 1 15.16 2.83 6.93 1 • ••
Beery-top 1 166.11 6.05 1 121.36 17.67 9.19 1
LANGUAGE 1
Token Test 1 19.59 1.39 1 16.36 2.37 3.13 1 •
Boston Namint Test 1 51.93 6.50 1 60.86 3.76 7.35 1 • ••

PRACTICE EFFECT 1
Video Game 1 1.62 .902 1 1.93 1.07 1.68 1



>67

TABLE 9

Reliability of Exper ixientsl Measures Expressed 
As the Mean for all 12 Ancles*

Oniaanuel Left
Hand
Mean

Right
Hand
Mean

Average Absolute Deviation .(1 .63

Path Length .79 .84
Time .97 .98

Bimanual
Mean

Average Absolute Deviation .93
Peth Length .95
Time .92

'Expressed as Values of Cronbach's alpha



TABLE 10

Paaraon-R Correlation*
For Avarag* Absolut* Deviation ( Path Length 

Under All Condition* for Each Group

UNIMANUAL 
Left Hand 
Right Hand

1 Dyslexic 
1 
1
1 ♦ .07 ••• 
1 ♦ .11 •••
1

Older

♦ .04
♦ .93

Younger

♦ .91 ••• 
4 .76 •••

BIMANUAL 1
Unguided 1 ♦ .78 4 .69 *•* ♦ .62 **
Memory 1 ♦ .7% 999 ♦ .25 ♦ .09 •*•
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TABLE 11

Pearson-R Correlations
B*twMn Experimental and Standardised Measures

for Normal Readers

AAD TIME
LEFT HAND
L foot tap time - . 35 • - .35
L haal/toa tima - .09 - . 36
L hand pat tima -.37 • • -.26
L fingar tap tima -.22 -.38
L fingar aaquanca tima - . 17 - .39
Beery .23 .52
Spatial memory .22 .27
Judge of lino orientation .35 • . 39
Boston Naming .11 .06
Token Test .16 .15

RIGHT HAND
R foot tap time - . 37 • • -.36
R haal/toa tima -.25 -.20
R hand pat tima - .*0 • e - . 35
R fingar tap tima - . 35 e - . 60
R fingar aaquanca tima -.37 *» - .69
Baary .*6 • •• .50
Spatial memory .37 ** .28
Judge of line orientation .38 • • .66
Boston Naming .06 .00
Token Tast . 16 .12

BIMANUAL/VNGUIDED
L foot tap time - . 53 **• - . 19
L haal/toa tima - .66 *** - .18
L hand pat time - .69 *** - . 16
L finger tap time - .69 • •• - .07
L finger sequence time -.36 • - . 11
R foot tap tima - .61 ee* - .20
R haal/toa tima -.67 ee* -.09
R hand pat time - .52 see - .20
R finger tap time - .66 ee* - . 15
R fingar sequence time -.57 *** - .16
Baary .70 ee* .60
Spatial memory .66 *** .30
Judge of line orientation .39 ** .33*
Boston Naming . 36 .09
Token Tast .22 .06



TABLE 12

Pearaon-R CorralatIona 
For Averaga Abaoluta Davlation A Time 
Under All Conditiona for Each Group

UN I MANUAL 
Left Hand 
Right Hand

1 Dyalexic 
1 
1
1 ♦ .56 ••
1 ♦ .(3 •••
1

1 Older

1 ♦ .65 ••• 
1 ♦ .BA •••

Younger

♦ .63 ••
♦ .35

BIMANUAL
Unguided
Memory

1
1 ♦ .39 
1 ♦ .73 aaa 1 ♦ .60 

1 ♦ .91
a*a** « .26 

♦ .66 •••

Pearson-R Correlationa 
For Path Length A Time 

Under All Conditiona for Each Group

1 Dyalexic 11 I Older 1 Younger

UNIMANUAL 
Left Hand 
Right Hand

1 1 
1 1 
1 ♦ .79 ••• 1 
1 ♦ .65 ••• 1 
1 1

♦ .93 ••• 1
♦ .93 ••• 1

♦ .62 •• 
♦ .31

BIMANUAL
Unguided
Memory

1 1 
1 a .15 1 
1 ♦ .69 •• 1

♦ .59 •• 1
♦ .22 1

♦ .20 
♦ .79 •••
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TABLE 13

Conpariaon of Unimanual Laft and Right Hand Performance 
Within Normal Reading Groups

OLDER SUBJECTS Left Right
1 Mean 1 SD 1 Moan 1 SD 1 t Prob

Average Absolute Deviation 1 7(5.59 1 193.33 1 655.61 1 156.86 1 3.71

Path Length 1 1.5(1 .1P1 t 1.55 1 .175 1 1.69
Time 1 906.53 1 106.36 1 261.6 1 111.99 1 1.76

YOUNGER SUBJECTS
1 Mean

Left
1 SD 1

Right 
Mean 1 SD 1 t Prob

Average Absolute Deviation 1 935.25 1 303.96 1 667.86 1 269.32 1 0.81
Path Length 1 1.51 1 .20 1 1.52 1 .30 1 0.11

Time 1 1(8.67
■1.......

1 72.07 1 
-1........ 1

176.76 1
........ 1 - -

72.99 1
...... 1

0.96



173

TABLE

Comparison of 01 dor and Youn*or Normal (loading Oroups 
on Laft and Right Hand Parformanco

LEFT HAND 7/8 12/16
1 Mean 1 SD 1 Naan 1 SD 1 t Prob

Avarago Absolute Deviation 1 735.25 1 303.96 1 785.59 1 193.33 1 1.62

Path Length 1 1.S1 1 0.20 1 1.59 1 0.1B 1 1.20

Time 1 IBB.67 1 72.07 | 306.53 1 10B.3B 1 3.69 • »

RIGHT HAND 7/8 12/16

1 Naan 1 SD 1 Mean 1 3D 1 t Prob

Average Absolute Deviation 1 867.BB 1 269.32 1 655.81 1 156.86 1 3.00 •

Path Length 1 1.52 1 0.30 1 1.55 1 0.17 1 0.36

Tima 1 176.76 1
-1.........1-

72.99 1 261.60 1 111.99 1
...... 1

3.11 •
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TABLE IS

Comparison of Bimanual Performance Under Visual Feedback 
and Memory Conditions Within Norma 1 Reading Groups

YOUNGER SUBJECTS Unguided Memory
1 Mean SD Mean 1 SD 1 t Prob

Average Absolute Devietion 1 1714.5(1 1077.84 5089.66 1 3940.2 1 3.36 • ••

Path Length 1 2.23 0.742 2.29 1 1.08 1 0.23

Time 1 379.5S 125.01 350.90 1 130.49 1 0.57
I........ I

OLDER SUBJECTS Unguided Memory

1 Mean 1 SD Mean SD 1 t Prob

Average Absolute Deviation 1 613.28 1 204.98 2927.33 1757.59 1 5.60 • ••

Path Length 1 1.78 1 .824 1.7 .696 1 0.69

Time 1 339.55 1 
■1.........1

92.91 405.94 171.72 1 
........ 1

1.76
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TABLE IB

Comparison of Normal Raading Groups on 
Biisanual. Visual Fsedback Conditions

7/1 Ysar Olds 12/1* Ysar Olds
1 Naan SD Naan 1 SD 1 t Prob

Avarags Absoluts Dsviation 1 kll7.lt 210*.02 193t.tt 1 670.k* 1 3.75 ss

Path Langth 1 2.70 1.03 2. *6 1 1.53 1 0.26
Tima 1 929.19 239.75 926.51 1 239.20 1 0.03

12/15 Yaar Olds 15/16 Yaar Olds
1 Naan 1 SD Naan 1 SD 1 t Prob

Avaraga Absoluta Daviation 1 1936.66 1 670.65 1265.63 1 362.71 1 3.69 ss

Path Langth 1 2.56 1 1.53 1.67 1 .100 1 2.26
T i m 1 926.51 1 

-1........ 1-
239.20 699.66 1 168.12 1 2.28
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TABLE 17

Coeiparieon of Loft 6 Right Hand Parformance 
For Dyalaxic Subjacts

Laft Right
1 Maan 1 SD 1 Naan 1 SD 1 T 1 Prob

Avaraga Absoluta Daviation 1 675.51 1 366.66 1 665.63 1 167.26 1 3.63 1 • ••

Path Length 1 1.39 1 .131 1 1.31 1 . 122 1 5.67 1 • ••

Tima 1 175.31 1 
1........ 1

86.25 1 165.61 1 69.69 1 6.98 1 • • •
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TABLE IS

Conptrlion of Dyslexic and Age Matched Readers 
On Left £ Right Hand Performance

LEFT HAND
1 Mean 1 SD 1 Mean 1 SD 1 t 1 Prob

Average Absolute Deviation 1 *75.*1 | 3*1.*6 1 783.59 1 193.33 1 1.29

Path Length 1 1.39 1 . 131 1 1.59 1 .161 1 4.22 1 *•

Time 1 175.31 1 14.25 1 304.53 1 108.38 1 4.35 1 * *

RIGHT HAND
1 Mean 1 SD 1 Mean 1 SD 1 t 1 Prob

Average Absolute Deviation 1 445.43 1 147.26 1 655.61 1 156.64 1 4.47 1 * *

Path Length 1 1.31 1 .122 I 1.55 1 .175 1 5.12 1 •**
Tim* 1 145.41 1 *9.49 1 261.60 1 111.99 1 4.62 1

I
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TABLE 19

Coaipariaon of Dyalaxic and Young Raadera 
On Laft A Right Hand Parformance

LEFT HAND Dyalaxic Younger
1 Mean 1 SD 1 Naan 1 SD 1 t Prob

Average Abaolute Deviation 1 675.*1 I 36S.66 1 935.25 1 303.96 1 2.30

Path Langth 1 1.39 1 .131 1 1.51 1 .200 1 2.25

Tima 1 175.31 1 •6.25 1 186.67 1 72.07 1 0.69

RIGHT HAND Dyalaxic Younger
1 Naan 1 SD 1 Moan 1 SD 1 t Prob

Average Abaolute Deviation 1 tfcS.43 1 167.26 1 •67.88 1 2<89. 32 1 5.76 ...

Path Langth 1 1.31 1 .122 1 1.52 1 .302 1 2.62

Tima 1 165.61
-1........

1 69.69 1 176.76 1 72.99 1
........ 1

1.22
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TABLE 20
Coetperison of Performance on Vieual Feedback 
And Memory Conditions for Dyslexic Subiects

Unguided Memory

1 Mean 1 SD Mean 1 SD 1 t Prob

Average Absolute Deviation 1 627.96 1 211.27 2879.32 1 1687.1 1 ft.40 • ••

Path Length I 1.45 1 .166 1.66 1 0.267 1 0.1S
Time 1 200.IS 1

1........ 1
6S.9S 362.70 1 110.55 1 7.28 • ••
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TABLE 21

Comparison of Dyslsxic and Youncar Reading Croups 
On Reversing tha Diraction of Hand Movements 

During Mem ory Condition Trails

Frequency of Ravsrssls
Dyslexics Youngsrs

0 IS 6
1 3 1
2 2 0
3 2 1
6 0 2
i 0 0
6 0 1
7 0 2g 0 1
9 1 0
10 0 0
11 0 0
12 0 1
13 0 1

Dyslsxic Younger
N Naan SD I N Mean SD t Prob.
23 0.96 2.01 I IS S.36 6.26 3.30 ••

I



1*0

TABLE 22

Distribution of Subioet According to ths P a t t o m
Of Thair Ravarsals that Occurad in Unidirectional

Quadrants and Bidirectional Quadrants

DYSLEXIC SUBJECTS 
Unidirectional Bidirectional

Reversals00015

Reva sals

YOUNGER SUBJECTS 
Unidirectional Bidirectional

Reversals001
2
2
256 1

Rave sals

Unidirectional Bidirectional
Mean SD Mean SD t

Dyslexics 0.7S 1.73 2.00 1.07 3.03
Youngers 1.90 2.08 4.20 2.04 4.44

Prob



TABLE 23

Distribution of Sublocts According to tho
Proportion of thoir Rovorool • that

Woro Hodo by Eoch Hand

Proportion 1 Proportion 1 Oldors 1 Dyalaxics
Loft ( Right IN • 0 1 e 1 10

0 1 1.00 1 0 1 6 i i
.25 1 .75 1 0 1 0 i i
. 31 1 .69 1 0 1 0 i i
■ SO 1 .50 1 0 1 1 i i
.56 1 .62 1 0 1 0 i i
.60 1 .60 1 0 1 0 i i
.67 1 .33 1 0 1 1 1 3
.71 1 .29 1 0 1 0 1 1

DYSLEXICS YOUNGERS
Moon SD Mean SD t Prob

Loft 0.15 0.20 o.&o 0.2b 2.92 ••
Right 0.85 0.26 0.50 0.24 2.92 ••
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TABLE 24

Comparison of Dyslsxic and Ago Matchsd Readers 
On Ths Bixianual Visual Fosdback A Memory Conditions

UNGUIDED Dyslsxic Older
1 Mean 1 SD 1 Mean 1 SD 1 t 1 Prob

Avsrags Absoluts Dsviation 1 627.96 1 213.27 1 613.28 1 204.98 1 .23 1
Path Langth 1 1.45 1 .166 1 1.78 1 . 824 1 1.72 1

Time 1 200.35 1 65.95 1 339.55 1 92.91 1 . 49 1 • • •

MEMORY Dyslsxic Older
1 Maan SD Mean 1 SD 1 t 1 Prob

Avarag* Absolut* Deviation 1 2879.32 1687.10 2927.33 1 1757.59 1 0.09 f

Path Langth 1 1.46 .247 1.70 1 .496 1 2.05 1
Tima 1 342.70 110.55 405.94 1 171.72 1 1.39 I
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TABLE 35

CasparIson of Dyslsxic and Youngsr Rsadors 
On Tha Biisanual Visual Fssdback 5 Hamor-y Conditions

UNGUIDED Dyslsxic Youngsr
1 Naan 1 SD Ha an SD 1 t 1 Prob

Avsraga Absoluts Davistion 1 627.96 1 313.37 1714.54 1077.66 1 3.73 1 • •

Path Langth 1 1.45 1 .164 2.23 .742 1 3.65 1

Tima 1 300.35 1 65.95 379.55 125.01 1 4.96 1 ...

HQ10RY Dyslsxic Youngsr
1 Naan 1 SD Hsan SD 1 t 1 Prob

Avorags Absoluts Davistion 1 3679.32 1 1667.10 5069.66 3940.20 1 1.99 1
Path Langth 1 1.46 1 .247 2.29 1.08 1 2.69 I *

Tims 1 343.70 1 110.55 350.90 130.69 1 0.20 1
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TABLE 26

Th# Ha an Accuracy for Directional Deviation Sum 
On All Anal** under Viaual Feedback 

Condition* for th# Older Reading Groups

1:1 Ratio Anal**

1:2 Ratio Anal**

2:1 Ratio Anal**

UNGUIDED

2

Drift
Sign*
1 1

Drift
4

Older
Mean
67.13

SD
1164.93

5 1 1 - 270.25 1130.66

( 1 1 - 423.57 1511.79

11 1 1 ♦ 566.56 512.93

3 - 672.62 885.30

6 1 ♦ 1 ♦ 556.55 1233.61

9 1 ♦ 1 4 296.47 894.09

10 - 160.97 576.06

1 1 ♦ 1 ♦ 553.99 1156.63
6 - 626.61 936.91
7 - 391.33 622.62
12 1 ♦ 1 4 679.96 458.73

*Sian of Deviation Sum when performance i* drifting toward 1:1 ratio
of hand movement.

i
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TABLE 27

Th* N**n Accuracy for Directional Deviation Sum
On All Angles under Visual Feedback

Conditions for th* Dyslexic

1:1 Ratio Angles

Drift
Sign*

2 1 1
Drift

♦

Unguided
Mean
122.17

SD
796.27

S 1 1 - 99.89 1101.89
• 1 1 - $97.21 980.62

11 1 1 4 9SS.68 1268.66

1:2 Ratio Angles - S9S.22 129$.07
4 | 4 1 4 126.79 9S0.81
9 1 ♦ 1 - 213.93 807.18
10 1 - 1 4 262.81 1106.99

2:1 Ratio Angles 1 1 ♦ 1 4 68$.20 977.12
- 20.09 1381.92
- 898.98 826.92

12 1 * 1
....... 1.....I-

4 $16.76 709.72

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



TABLE 28

The Mean Accuracy for Directional Daviation Sum
On All Angles undar Viaual Feedback

Condition* for tha Younger Reading Group*

1:1 Ratio Anglo*

1:2 Ratio Anglos

2:1 Ratio Angle*

UNGUIDED

2

Drift
Sign*
1 1

Drift
Younger
Naan
89.18

SD

1635.06
5 1 1 ♦ 88.73 2320.07

8 1 1 - 888.80 1887.12
11 1 1 ♦ 838.32 3269.97

3 ♦ 361.86 1292.31
a 1 • 1 - 766.73 2020.68
9 1 • 1 - 1.57 2630.28
10 - 55.22 767.83

1 1 4 | 4 1806.26 2133.68
6 4 1600.99 2576.07
7 - 965.52 2921.52
12 1 * 1 - 106.98 2289.65

•Sign of Deviation S\a* whan performance is drifting toward 1:1 ratio
of hand movement

/
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TABLE 29

Tha Haan Accuracy for Directional Deviation Sun
On All Ancles under Memory Conditions

for the Oldar Reading Groups

MDIORY

1:1 Ratio Ancles

1:2 Ratio Angles

2:1 Ratio Angles

2

Drift
Sign*
1 1

Drift
♦

Older
Mean
60S.82

SD
1926.56

S i i - 369.37 2112.99

8 i i - 162S.S0 1520.30

11 i i ♦ 10S2.67 2616.02

3 - 2156.96 2392.61

4 i * i ♦ 2097.52 1691.97

9 i ♦ t ♦ 206.00 3793.91

10 - 1261.06 6737.90

1 i ♦ i ♦ 6726.92 6615.17

8 - 3556.62 3611.66
7 - 5015.58 6565.65

12 i ♦ i 4 2597.67 2127.61

•Sign of Deviation Sun when performance is drifting toward 1:1 ratio 
of hand movement.

)



TABLE 30

Th# Mean Accuracy for Directional Deviation Sun
On All Analoa under Hanory Conditions

For tha Dyslexic

1:1 Ratio Angles

1:2 Ratio An(les

2:1 Ratio Angles

Drift
Sign* Drift

Vtentory
H#«n SD

2 1 1 ♦ 469.52 5025.01

5 1 1 ♦ •9 .55 2579.02

( 1 1 - 797.77 1727.02

11 1 1 4 640.00 1001.17

3 - 1W6.50 2562.20

4 1 4 1 4 2326.29 1676.36

9 1 4 1 4 2315.62 4073.30
10 - 3060.67 6327.22

1 1 4 1 4 1967.60 3556.72

t - 797.21 5330.32
7 - 2917.20 3237.60

12 I 4 1 4 1667.67 3250.75

■Sign of Deviation Sun when performance is drifting toward 1:1 ratio
of hand movement.



199

TABLE 31

Th* Naan Accuracy for Dlractional Deviation Stan 
On All Ancles under Haaiory Conditions 

for th* Younger Reading Groups
MEMORY

1:1 Ratio Angles

1:2 Ratio Angles

2:1 Ratio Angles

Drift Younger

2

Sign*

1 1

Drift

♦

He an

463.00

SD

3679.57

5 1 1 - 975.06 2614.73

• 1 1 ♦ 694.37 5759.97

11 1 1 4 2193.39 20694.90

3 - 2396.31 6659.69

4 1 *  1 4 203.52 4247.35

9 1 *  1 4 4101.29 9970.55

10 - 254.40 5623.47

1 1 *  1 4 3076.49 9095.27

6 - 917.25 4279.97

7 - 2077.39 6197.29

12 1 ♦ 1 - 439.90 6717.93

*Sign of Deviation Stan when performance is drifting toward 1:1 ratio 
of hand movement.
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TABLE 32

Comparison of Older Reading Group Performance
On Angla* Requiring Diffaront Ratios of Hand Movement

With Visual Feedback

1:1 1:2

1 Mean 1 SD Mean 1 SD 1 T Prob

Average Absolute Deviation 1 566.76 1 236.01 699.29 1 309.36 1 2.27 •

Path Length 1 1.77 1 0.67 1.93 1 1.32 1 0.93

Time 1 311.*9 1 90.B7 376.21 1 136.37 1 3.06 • ••

1 Mean 1 SD 1 Mean 1 SD 1 T Prob

Average Abaolute Deviation 1 566.76 1 236.01 1 570.99 1 163.66 1 0.65

Path Length 1 1.77 1 0.67 1 1.66 1 0.63 1 2.23 •

Time 1 311.69 1
1.........1

90.07 1 315.96 1
........ 1

76.56 1 0.25
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TABLE 33

Comparison of Dyslsxic Oroup Psrformancs
On Anglos Requiring Diffsrsnt Ratios of Hand Hovamant

With Visual Faedback

1:1 1:2

1 Naan SD 1 Moan SD 1 T Prob

ivarasa Rbsoluta Daviation 1 413.56 122.29 1 764.98 429.73 I 3.05 • ••

Path Langth 1 1.38 0.15 1 1.53 0.36 1 2.00

Tima 1 178.38 75.39 1 211.21 73.45 1 2.11 •

1 1 2 1

1 Naan SD 1 Naan SD 1 T Prob

Avaraga Rbsoluta Daviation 1 483.54 122.29 1 SBfc.ie 293.72 1 1.55

Path Langth 1 1.3* 0.15 1 1.39 0.21 1 0.28
Tima 1 178.38 75.39 1 198.99

........
77.34 1 1.50
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TABLE It

Comparison of Youngar Raaders Performance
On I n g U i  Requiring Difforant Ratios of Hand Movement

With Visual Faedback

1:1 1:2

1 Mean SD Mean SD 1 T Prob

Average Rbsoluta Daviation 1 1996.92 892.Ik 1899.17 1208.89 1 2.12 •

Path Length 1 2.11 0.60 2.21 O.Bfc 1 0.89

Tima 1 151.28 151.05 901.18 127.91 1 2.18 •

1
1 M»an

1
SD

2
Mean

1
SD 1 T Prob

Average Absolute Deviation 1 1996.92 862.19 1690.21 1158.66 1 1.16

Path Length 1 2.11 0.60 2.28 0.90 1 1.18
Time 1 151.28 151.05 188.98 197.89 1 1.19
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TABLE 35

Comparison of 01dor Hooding Group Performance
On Angles Requiring Different Ratioe of Hand Movement

Without Visual Feedback

i l l  1 : 2

1 Mean SD Mean SD 1 T Prob

Average Absolute Deviation 1 1408.25 1493.95 4147.34 2744.48 1 4.39 ...

Path Length 1 1.45 0.53 1.77 0.45 1 2.25 *

Time 1 342.33 155.71 432.87 207.07 1 2.40 *
I....... I........ I

1:1 2 1
1 Mean 1 SD Mean SD 1 T Prob

Average Abaolute Deviation .1 1408.25 1 1493.95 2489.40 1444.79 1 2.41 e

Path Length 1 1.45 1 0.53 1.44 0.48 1 0.14
Time 1 342.33 1 155.71

--I.........1.........
400.30 202.25 1 1.17

\
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TABLE 3*

Coapirlion of Dyalaxic Group Performance
On Anglea Requiring Different Ratioa of Hand Movement

Without Viaual Feedback

1:1 1:2

1 Mean SD Mean SD 1 T Prob

Average Abaolute Deviation 1 1(92.11 1585.16 3539.89 2053.56 1 6.74 • ••

Path Length 1 1.39 O . K 1.46 0.31 1 1.30

Time 1 327.79 112.*9 360.82 145.91 1 1.77

1 1 2 1
1 Naan SD Maan SD 1 T Prob

Average Abaolute Daviation 1 1892.19 15(5.16 2923.75 1(29.56 1 3.32 ...

Path Langth 1 1.39 0.18 1.66 0.29 1 1.31

Time 1 327.79 112.69 3*8.35 120.71 1 1. *5
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UPPER LEFT UPPER RIGHT

LOWER LEFT LOWER RIGHT
1:2 . 1:2

< r-

I. R

noK i
S O M A T IC  K K E S U T A T IO R  Of THE 12 ANGLES 
K 0 U I 1 I M  1 : 2 ,  1 ; 1 ,  2 :1  RATIO Of HAM) HOVE HEW 
STARTING III  EACH O f THE 4  SPATIAL SUADCAKTS.

aiiKi comitioh umuiko mwitiom cowmos
FIGURE 2 

VISUAL FEEDBACK CONDITIONS



FIGURE 3 
ANGLE 12, 6:10 YEAR OLD 

ALTERNATING HAND MOVEMENTS

NOURK 4 ANOLB 11,7:11 YSAR OLD 
CORRECTIONS WITH VISUAL MONITORING



N O W !  5 
AHOLK 93, lt< YEAR OLD 
REVERSAL 0! LBTT HAND 
WITH MO VISUAL FEEDBACK

FI OWE t 
AMOLB 93, »>7 YEAR OLD 
REVERSAL OF RIGHT HAND 
VITH MO VISUAL FEEDBACK



FIGURE 7 
ANGLE 8 3, 8:10 YEAR OLD 
REVERSAL OF BOTH HANDS 

WITH NO VISUAL FEEDBACK

FIGURE 8 
ANGLE 13, 12:0 YEAR OLD 

SIMULTANIOUS HAND MOVEMENTS 
WITH NO VISUAL FEEDBACK



FIGURE 9 
DERIVATION OP ♦ AND - SIGNS 

FOR
DIRECTIONAL DEVIATION SUM
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FIGURE 10 - NORMAL REAOERS

AGE EFFECT ON UNIMANUAL ACCURACYAGE 
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FIGURE 11 - NORMAL READERS
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FIGURE 12 - NORMAL READERS

AGE EFFECT ON BIMANUAL ACCURACYAGE
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FIGURE 13 - NORMAL READERS

AGE EFFECT ON BIMANUAL SPEEDAGE WITH UISUAL FEEDBACK
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FIGURE 14 - NORMAL READERS
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FIRURE 15 - NORMAL READERS

" AGE EFFECT ON BIMANUAL SPEEDAGE W I T H O U T  UIS UAL F E E D B A C K
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FIGURE 16 - DYSLEXICS & CONTROLSAGE EFFECT ON UNIMANUAL ACCURACYAGE
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FIGURE 17 - DYSLEXICS & CONTROLS
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FIGURE 18 - DYSLEXICS I CONTROLS

X OF RIGHT AND LEFT 
HAND DIFFERENCEOF DIFFERENCE ™

GROUPS
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FIGURE 19 - DYSLEXICS I CONTROLS

AGE EFFECT ON BIMANUAL ACCURACYWITH U I S U A L  F E D B A C K
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FIGURE 20 - DYSLEXICS I CONTROLS

AGE EFFECT ON BIMANUAL SPEEDAGE WIT H U I S U A L  F E E D B A C K
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FIGURE 21 - DYSLEXICS t CONTROLSAGE EFFECT ON BIMANUAL ACCURACYAGE
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FIGURE 23 - DYSLEXICS Sc CONTROLS
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FIRURE 24 - DYSLEXICS & CONTROLS
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FIGURE 25 - DYSLEXICS & CONTROLS
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FIGURE 26 - DYSLEXICS Sc CONTROLS

RATIO OF HAND 
MOVEMENT EFFECTWITH VISUAL FEEDBACK

DYSLEXIC OLDER YOUNGER GROUP X RATIO
I M  I 1:2 1 2:1



217
FIGURE 27 - DYSLEXICS & CONTROLS
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