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Where thgre is honesty
there is understanding

Where there is fairness
there is peace

wheré there is sharing
there is friendship

Where there is love

‘there is fulfillment

{Author Unknown)
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Abstract
. Motor 'Skill Acquisition in Mentally Retarded children

The .control of motor skills, that is, decisions of where[‘

when, how far 'and how fast to move, is a cognitive abllztv The
abllltv of Down. Svndrome andé other mentallv retarded chlldren to

perfcrm qomplex motor skills may provide valuable 1nformatlon about

their orgenizatiOnal skills. This is possible because.the formula-

»

b

tion, monitoring'and correction bﬁ a series or hovements-requires a
considerable;amount of‘informatiot;processing. cOnsequently, when
and how the task breake down may reflect the var:.ous strategles )
employea. The b351c purpose ot this study was to assess the motor
‘control ability of mentally retarded (D $. and M.R.) chlldren within
a pursuit tracking task when compered to groups of intellectually

normal children matched for functional and chronological age. A

LI ; .
total of 42 male subjects performed eight trials on a subject-paced

" pursuit tracking task (the N_R.C. stressalyser). ‘The measures used

were total response time, total response time by quarters, correct

reaction time, non-overshoot movement time, overshoot movement time,

error rate and dvershoot rate (Buck, 1982). . The main finding was_

that Down Syndrome bovs did not ‘respond to directiocnal probabllltv

. in the same manner shown by the mentally retarded or the .non-retarded

matches for chrenological and/or functional age. This difference in

; .
strategy was also reflected in their greater emphasis on accuracy

rather than speed. Finally, these effects were consistent’ across

the Down Syndrome children despite the large intersubject variability

seen in their performance. »

ii
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Chapter 1 | -

Introduction

Mental retardation is a comparative conceﬁt based upon the
distributiéﬁ of inteliigence in the total populat?on. It is estimated
that the mentally retarded ordinarily include those persons in the
lowes; thrée or four percent of this distribution (Waite, 1972).
Intuitively,lanf discuss}on of the perform§nce of mentally retarded‘
chilsren would imply a lowefﬁievel of performance. Indeed; it is well
established that on stand;rdized tests of motor ﬁerformance, mentally
retarded children perform;well below the average of intellectually
normal children of ?he same agé éhd'sex (Rarick, 1973; Francis &
Rarick, 1959; McGown, Dobkbins & R%;ick, 1973).

To date, ?nly.a few types of refarﬁation-can be accurately
diagnosed. These can be divided into two éroups; preqatal factors and
mental retardation due_to trauma or diseése (?igler, 1966). Of the
various etiological factoré Down svndrome is ﬁot only the most prevalent
of the prenatal factors for mental retardation but also involves
chromosomal anomalies not found in ogher disorders (Coleman, 1964).
Bowever, it is not yet known if there are differences between Down
syndrome children and mentally retarded child;en {(due to trauma or
disease) in the cognitive processes used to Attain knowledge. A
confounding problem has been that the majority of mentally retarded

I

(0.S. and M.R.) children are non-verbal or of low verbal skills. In

e



order to obtain a better understanding of the manner in which the men-

tally retarded attain knowledge there is a need for tests that are not

>

dependent upon verbal skills.

e . ’
The control of motor skills, that is, decisions of where,

. when, how far and how fast to move, is a cognitive abilify. The

ability of Down syndrome and other mentally retarded chiléren to per-

form complex motor skills may provide wvaluable information about their
organizational skills. - This is possible because the formulation, meni-
toring and correction of a series of movements requires a considerable

amount of information processing. Conseguently, when and how the task -

breaks down may reflect the various strategies employed.

Statement of the Problem

The basic purpose of this s;udy was to assess the motor con-
trol ability of mentally retarded (D.S. and M.R.) children within a
pursuit tracking task when compared to groups of intellectually normal
children matched for functional and chronological age. A total of
forty-two male subjects performed eight trials on a subject-paced pur-
suit tracking task. The N.R.C. stressalyser was used to measure the
psychomotor performance of the children. The measures used were total
response time, total response time by guarters, correct reaction time,
noni-overshoot movement time, overshoot movement time, error rate and

overshoot rate (Buck, 1982).



ISR S e o o Ly VR Bn T e rr——— —— e = = o

HEEtbeSE-S

The hypotheses investigated in this study were: ') there
wgke no significant differen;es in the moto£ control parameters
involved in a self-paced pursuit tracking task, between both groups
of mentally retafﬁed children and inteliectually normal children matched_
for functional age and chronoleogical age, and 2).there'ﬁere no significéét
differences in performance in the motor control para?eters between Down
svndrome and other mentally retarded children.

Note, the motor .control parameters refer to only those

parameters measurable by the N.R.C. stressalyser (Buck, 1982).

Scope of the Study -

A ﬁotal of forty-two mile subjects were tested. Differences
- and similarities were assessed in three separate analyses. The first

analvsis consisted of twenty subjects divided into four groups. One
group of five Down svndrome bovs were matched with five mentally retarded
bovs of egqual functional age and within 180 davs of their chronological
age from the date of testing. The thixd group consisted of five elementary
school males matched with the Down syndrome group for functional age.
The fourth group was five male high scheool students matcheé with the
Down syn@rome males within 180 Aays.ofltheir chronelogical age from the
date of festing. ‘

The second analysis consisted of three groups of seven subjects

each {N=21). The Down syndrome, the mentally retarded and elementary
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school males were mafthed for fuhdtional age only. An additiona}
éeéuireméit.for the elem;ntary's;hool children was that they not be
within three monthé of their bhirthday at the date of téstiné.

The third experimentai analvsis cornsisted of three groups
of eight subjects each (N=24)7 The Down éyﬁdrome, mentally retarded
and high schooi bpvs were matched within 180 dé;s of the chronoclogical '
age of the Down syndrome match at the date of testing.

All foré@Ltwo subjects performed eight trials on the stressalvser

in one 30 to 45 minute session. Each trial involved 100 movements, giving

a total of 800 movements per subject.



Chapter II ' _ 2

Review of Literature

Motor control is the sﬁm of the related decisions involved: -
in producing an accurate movement. It_includes gene¥a1 concepts and
principles (sqhemes) and provides the information for the integr#tion
of different aspects of human experience into a response graded on
prior learning-and quality of perceptual information.

According to Posner and Keele (1972) some of the separate .

mental operations involved in the control of a motor skill'are:

preparation decision movement storage
phase. > phase ? phase ? phase

The focus of this review will be to outline the components
that have, in the past, been manipulated in the pursuit of an under-
standing of the overall process of motor control. The chapter will
beé broken down into four sections: section one will outline the
special population being studied, sections two to four will deal with
the first three phases involved in the acquisition and control of a
+task (Posner & Keele, 1972). The storage phase or memory component,
although an important aspect of motor control, will not be dealt with

in this paper.



Mental Retardation

o

This section of the review of literature will .outline the
relationship of task performance to variables such as éhronological
age (CA), mental age (MA) and functional aée (FA) in order to provide

, .
a framework for an understanding of the concept of mental retardation
in terms of motor skill acquisition. |

The two major classif;catiohs gf‘ﬁental retardation, based

on IQ scores, are the medical and educational classifications. These

two classifications are outlined as follows:

Medical IQ Range Educational

Borderline 80 to 90 Slow learner

Mild 50 to 79 Educable

Moderate ’ 30, to 55 Trainable

Profound £ 30 ‘ Totally dependent
RS ; {Grossman, 1973)

As yet there remains considerable disagreement as to what IQ
(iﬁtelligence quotient) actually is. The scientific approach considers
intelligence in terms of two categories: operational and theoretical.
Maloney and Ward (1979) define the operational approach as any attempt
to define intelligence by dechibing related behaviours and the

r

theoretical approach as attempting to explain how or why intelligent

behaviour occurs.



Within the operational approacs educators use the term the
‘capacity to lea;n', philosophers and mathématicians tend toward the
ability to think in abstract terms; and comparapive psychologists talk
abount adaptabiiity to new situations. In recent years much attention
has been direcled to the idea of general problem-solving ability.

i\ In thé“theoretical approach qher?'are four schools_of thought:
leifsing theory; neurological—biqlcgical, dev%ldpmental and ;sychoﬁetric.
The concept of mental retardation (lower intelligence) is a reflection
of the psychometrﬁc approach.

‘What then, is the meaning of IQ? The IQ summarizes a person's
performance, or ievel of genéral intellectual functioning on a given
test,(Malonéy & Ward, 1979}). In, the early 1900's Binet developed an -’
;ge-graded scale and used the concept qf mental age (MA) as an index of
mental f;nétioning. .The MA was defined as the general mental ability
of the average child of a particular chronoleogical age (CA). Stern
(1912) proposed the IQ concept. He ‘suggested that since the absolute
difference between MA and CA meant .different things at different CA
levels, that the ratio of MA to CA (MAICA) be adopted. Terman (1916)
emploved Stern's IQ index and thus established the formula as:

’ IQ = MA/CA'x 100
Iﬁ this way, IQ was thought to indiéate the rate of mental development.
The ratio method of computing IQ was the only method é&ailable
until 1939 when the Wechsler-Bellevue Scales appeared. Wechsler

abandoned the MA concept. Since data indicated that mean MA scores

increasedé with advancing CA up,fo approximately 13 or 14 vears and that
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beyond that age the MA levelled off, Wechsler fe1£ that mental aeVelopment R
had peaked; so the Wechsler Intelligence Scalé for Children (WISC) was
developed. .In rhe WISC, Wechslex replaced the ratio IQ with thé ' 4
déviationlIQ in order to deal with this levelling off of mental age.

Both methcds of IQ c9mputation will be seen in the_review of literature

to follow so it is iﬁportant to note that the two methods of computation
yvield similar reSult; but the deviation method'is more scientifically
valid and precise (Maloney & Waxd, 1979). Therefore, IQ is merely a

measure of relative performance in terms of the rank - oxder of the
*
individuals involved.

Ho%ever, the system was oxiginally developed for practical use
in the school system and as such is concerned with performance. An
important point about the utility of current intelligence tesés in the
diagnosis of mental retardation should be noted. In general, the greater
the intellectual deficit, the more useful the tests. At lower levels of
intellectual functioning, intelligence is crucial in determining
behavioural adequacy and adjustment. Thi; isﬂﬁecause a minimum level
of intellectual competency is necessary for daily living. Conseguently,
a more global approach has been adopted by the regional schéol boa;ds
in assessing the performance of the special population,.i.e. functional

- .
age (FA). Functional age (FA), of which assessed IQ is only a component,
_attempts to lock at the iﬁdividual as a whole. Although functional age
is a subjective measure with several objective measures (e.g. Basic

Education Skills Inventory, Behavioural Characteristics Progression,

Bender Visual-Motor Gestalt Tests) as components, it is used to determine

-
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the child's placement in the school syséem. This is ;ontrasted to the
nonretarded children whose behavioural performance ana outcome is .'
determined by such additional factors as motivation, intereéts, and
personality variables -(Maloney & Ward, 1979).

One component of functional age, which has been examined by

several authors is the relationship between intelligence and motor
performance. Rabin (1957) and Francis and Rarick (1959) found little or
ne relatienship betw;en intelligence and motoxr proficiency. " However,
Sloan (léSl)-and Malpass (1960) found moderate relationships while

Biack and Davis (1966) and Knights, Atkinson and Hyman (1967) reported

-

positive-correlations.

Groden (1969) points out that there are at least two difficulties,

found with much of ﬁhe prior research relating ﬁotor proficieﬁcy to
intelligence. One is that the motor proficiency score is oftén obtained
from the combination of a number oé different motor behaviours. Aas
motor skill is by no means a unitaryifactor, it is often difficult to
determine which motor behaviours are resgonsible and which are of little
consequence in accoun%ing for an overall relationship of motor proficieﬁcy
N .
with\éﬂéelligence when one is found. A second difficulty, pointed cut by
Groden (1969}, is that retarded children are more likely to be afflicted
by specific motor disabilities.
) The underlvying assumption of these experiments in which motoxr
grqﬁiciency is being related to intelligence is that when motor skills

are produced information is processed and, the moxe effective the

information processing skills the better the performance and therefore,
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the highgr the IQ score. Although.the correlation of low'skill level
té low IQ leved holds true only for the retarded populat;on {Schmidt,
1982), the assumgtion is guestioned when no rela;ionship is foupd bet-
ween IQ and motor skills such as hand grip strength and balancing tasks
in the retarded as well as the non-retarded population. It should be
noted that many of the tasks used are simple motor tasks which involve
very little processing of information. Schmidt (1982} an§ Henderson,
Morris and Ray.(198i} suggested that the reason for the occasional
positive relationship between 1IQ and motor skills may be due té the
fact that retarded people are generally less active physically sc that
decrements in motor performance are perhaps due more to a lack of move-—
) _ : !

ment experiences in childheod . an to anf deficiency in mental
functioning. |

Therefore, not only should such factors as the rate of deve-
lopment of the individuql;'as outlined by chronological and mental or
functional age, be taken into consideration, but also the task present-

ed should indeed require the processing of information as is character-

istic of a complex motor task.

Preparation Phase

During the preparation phase, also known as the anticipatory
pﬁase, the perfofmer's expectations of what will occur and how these
expectations can be used during performancg will be examined. The
literature dgscribing the preparation phase of mentally retarded popu-
lations will be divided into three subsections: anticipation, sensory

set and motor set.

10
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Anticipation: The main role of aﬁticipation is to eliminate
or reduce ftedback delays so that the performer will have made the
adjustmen;s to his movement before a further response must bé made.
Thus, the performer could shorten his reaction time delays and make
ﬁhe movement seem smoother and more efficient.

Poulton. (1952, l957)loutlined three types of anticipation,
each one building on the other. They are: effector anticipation,
receptor anticipation, and perceptual anticipation. ,The third tvpe,
perceptual anticipation, involves situations where the performer is
given no preview but where the stimuli is presented in some regular
way and can be learmed by the subject. There are two classes of per-
ceptual anticipation: spatial and temporal (Adams, 1966; Poulton,
1957). Spatizal énticipation involves the preéiction of where a stimu-
lus will occur, whereas temporal anticipation inyplves the prediction
of the éimelof occurrence of the stimuli or 'when'. Cross (1966;
cited in Schmidt, 1968} found that spatial and temporal anticipation
could be manipulated inéependently under experimental c0nditions, but
the interdction of the'two dégerminéd the response proficiency in a
given'taék. Not only does perceptual anticipation build upon effector

and receptor anticipation, but it is also the most difficult of the
\.*'

/
three in terms of information processing demands. -

The first-class of perceptual anticipation mentioned was

that of spatial anticipation. As previously seen, the performer has no

-

"'N_\._’,'
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direct receptor infsrmation of the upcoming event‘although be knows it
" will occur with-some regularity. Stimulus probability can be defined

as the relative frequency with which a particular §timulgs is presented.
Miller and Pachella (1973) have.shown stimulus probability to be a
variable capable of influencing the encoding process. Thg use of
stimulus-probability information during the encoding process increases

the efficiency of enceding. Klatzky ana Smith (1972) explained the
.increase in speed to highly probable stimuli by an }expectanéy hvpothesis'.
Tha£ is, subjects éxpect stimuli that have occurred with a high degree

of frequency and enéodé them more rapidlf.

-aMaisto and Sipe (1980) examined the effeét of stimulus
probability on encoding in retarded individuals. Two groués df nine '
ch&ld&en'each matched for chronological age were tested. The mean IQ
of the nonretarded group was 107.28 (S.D. = 9.30) on the Peabody Picture
Vocabulary Test; The rgtarded subject's IQ was assessed on thé Stanford-
Binet Intelligence Scale and. found to have a mean of 62.15 (S.D. = 6.18).
In other words the two groups were not assessed on the same scale. No

mention was made of the type of retardation of the seven retarded

children who finished the study. The subjects were matched for .

N

chronological age: the mean 'age for the contrel g¢group was 13.40 years

(§.D. = .74L and the mean age for the retarded group was l4.13 years

(S.D. = 1.62) which gives a mean difference of approximately 9 months.
Their results showed that the effect of stimulus probabllity .

was more pronounced for the nonretarded subjects than for the retarded

subjects, with highly probable stimuli being responded to fastest for
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both groupé. The findings for the nonretarded group was similar to
that of Miller and Pachella (1973). However, they reported that,

although sensitive to manipulations in stimuius probability, the

retarded group did not use this information during the encoding process.
They reported that retarded individuals responaed to low-probability
information to a greater degree of "relative" efficiency (i.e., showed
less decreasé at higher levels of difficulty) as compared to ﬁbnretarded
individuals; although within the retarded group they respondea to highly
probable stimuli faster than low probable stimuli.

. The second aspect of perceptual anticipation was that of time.
As previously seen, temporal anticipation involves the prediction of
" when an event will occur. A mere reaction fo stimuli could cause intolerable
lags in response initiation and contrsl, especially in open skills.
Klemmer (1956, -1957) demonstrated that adults can learn to anticipate
the arrival of a stimulus in a simple reactionltime situation, and
Baumeister and Hawkin; (1236) have provided evidenée-showing ﬁhat retarded
persons can anticipate the arrival of a signal.

Gosling and Jenness (1974) examined the differences in'simple‘
reaction time between retarded and nonretarded subjects with respect to
three temporal variables. Their findings seemeé to lend support to the
idea that it was not that the mentally rétarded subjects were unprepared
to respond but that it was difficult to reorganize their responses. It
was not- clear whether this difficulty was basically a reluctance to
abandon the expectancy or from confusion at having two contradictory

.

sets of response determinants. There was evidence for a failure to
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respond promptly when expectancy was not fulfilled.

The abové studies havé all presented evidence that retarded
people can anticipate the arriQal of‘é signal. However, the tasks
used in these experiments were all simple key presses where little or
no precision was required. In two experiments, Newell, Wéde and Kelly
(1979) examined the extent to whic¢h retarded persons could temporally "~
anticipate and preprogram a motor response that fequired a reasonable
degree of speed and precision.

In the first experiment they loﬁked at whether severely
reta;aed adults (mean age = 30.9 vears) could spontaneously reduce
response latency asra result of switching from a variable to a‘fixed!
foreperiod and whether practice would facilitate anticipation. Included
in this was the extent to which anticipation interacted with the index
of difficulty of the movement and/or the length of the foreperiod.

However, as noted above, the subjects were 10 severely retarded males,

six of whom had a mean IQ of 44.7, two of which were below 30 and one

. whose IQ was unknown.

‘ U il =
Three dependent measures were recorded: reaction time,

movement time and error rate. -The subjects were presented with nine
target (width-amplitude) combinations on zll 5 test days. The order
in which the nine condltlonéfwere tested was raﬂdﬁmlzed for each
subject on each day..

The results of the reaction time data showed heitﬁer distance

nor target width significantly altered the latency over the random

foreperiod. <Changing the nature of the foreperiod did not interact
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. - with £he,inaex of difficulty. The reaction time frgquency distributions
and means showed no differential response-initiation time to a fixed vs.
a randem warning Enterval. The movement time data sﬁowed that response
amélitude and pEecisian variables influenced retarded persons' movement
time as described by Fitt's Law. The error rate data indicated soﬁe
degree of spééd—aécuracy trade-off.within the inaex of difficulty as
found in nonretarded samples.

The second experimgnt was a result of their failure to
demonstrate temporal anticipation in experiment one as was réported in
earlier literature. They hypothesized that the temporal-anticipation
ability éf reta;ded adults may be a direct_functiog‘of the complexity
of the response. Experiment two replicated thé essential features of

experiment one, but with a simple release response as the task. The

.

subjects were 14 male adults (mean age = 32 years) whose mean IQ was ®

N

~ 36.08. ‘

The reaction itimes were consicderably lower which was considered

-

as a direct reflection of the reduction of response difficulty. In
general, the data suggested that when response complexity was minimal,

. retarded persons could take advantage of a short l-seconé fixed

interval warning condition ané preprogram their responses to some degree.

o1

The results posed another quéstion: why did perceptual
anticipation iﬁteract with the complexity of the response? Short-term
memory is believed to take some part in the programming of a response.
ihis holding of the program is mo;t likely when the response is known .

in advance, such as a simple reaction time paradigm (Klapp, Wyatt &

1!
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MacLingo, 1974). The findings of Newell, Wade and Kelly (1979)
suggested that the time ovexr which the respdnse had to be held and

.

the complexity of the response may have interacted 'with this program-

hq}ding process, .i.e. short-term memory. The authors suggested tbat
a conﬁ&ibuting factor to the subjectg' failure to anticipate temporally
+he arrival of a warning signal may be their poor attenticnal cap;city.
Thgs the difficulty retarded perscons e#éerience with:focusing and/or
maintaining their attention toward a stimulus may ﬂinder their ability

to timekeep and predict temporal intervals. It was akso suggested that

. L U .y
the attentional deficit mav only magnify their basic inability to

timekeep and preprogram responses.

Sensorv Set: The second.subsection of the preparation phase
is that ¢of the sensory set. Kerr (1982) defines .sensory set as a
change in the level of alertness such that the subject increagés the
rate at which target signals can be processed.

The first guestion is the understanding of how different
levels of arousal can retard or facilitate information processing.
From this point of view, Welford (1968) has formulated a concept that
explains the poor operation of the chanrel at both low and high leve};
of arcusal.

He reasoned that at low levels the channel was "inert" and
the input was lost somewhere in the many information processing steps
that were fequired to transform it into an output. At the other

extreme, when activation was too high, this introduced "noise" into

the channel so the input was interfered with and confusion arcse.
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-~ According to Posner and Boies (1971) the key is that aspect
hY

of alertness that allows an iﬁgividﬁal to sustain attention on+a task
ov;r an extended period of time. An optimal degree of alertness must
be maintained so that performance can be maintained at maximum. Posnex
and Boies (l971) ﬁave shown this sens;ry set to be a general éffect in
that the normal or éécilitated reaction time to.an auditory cue
suggested that there was a central alertness that was not specific for -
one sensory modality.

Marteniuk (1976) listed a number of determinants of activation.
The first was stimulus intensity, that is, with an increasing‘intensity
associated with increésing activation levels. A second variable or set
of va;iables were ppstul&ted by Fiske and Maddi (1961) and are
considered-as the cognitive variables in that they require information
processing by the CNS before they can influence arousal. These are
stimulus complexity, uncertainty, meaningfulness ahd variation. A
third set of variables that can affect arousal, especially when a
movemert task is required, are induced muscular tension and physical

exertion. .

; Measures of activation levels have been considered as including
. various psychological indices such as changes in muscular tension,
respiration, and heart rate.
Welford (1968) added a fourth var%able that could determine
level of activat%on, that of the introversion-extraversion trailts. It

would seem that introverts are by nature more highly aroused than

extraverts. Theréfore, introverts, because of their higher arousal

r
-y
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level, would be expected to perform better on a number of tasks és
compared to extraverts.

For the mentally retarded it has been hypothesized that they -
have below average levels of arousal (Baumeister & Ellis, 1963;
Baumeister, Hawkins &‘Kellas, 1965; Belmont & Ellis, 1968). This
reason, rather than an information-érocessing déficit, has often been
associated with their lower performance levels. In the literature,

there seems to be no indication of research which examines both as

possible explanations. For this reason, the following section will

present an overview of the literature concerned with attention and

arousal{ and the information procéssing aspects will be seen in the
decision phase. | .

The f£irst determinant of activation was that of stimulus
intensity. The improvement in reaction time due to increases in the
intensity of the reaction stimulus is a function of the distance from

threshold, and therefore, a relatively intense signal would be expected

to be more helpful to the retarded individual (Baumeister, Hawkins &
Kellas, 1965). \

The second determinant of activation was that of the cognitive
variables. These include complexit&, uncertainty, meaningfulness and
variation;

Nettlebeck and Brewex (1976) used an 8-choice reaction time
task to compare non-retarded and mildly retarded adults. They concluded
that in a complex task the slower reaction times among ret;rded subjects

may have been the result of a slower rate of accumulating information.

-
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It seemed likely that when stimuli were at a distance, the retardeé‘
subjects made additional inspections hefore ?esponding except when
the signals were very dis;riminable, i.e., the two end lights.

The second eognitive variable, that of uncerﬁain?y, was
indiﬁectly looked at by Mesley (1980) in the form ;f familiarity of
stimuli. He found that when confronted with unfamiliar étimuli, low
mental age subjects failed to hold onto the potentially salient features

of the stimulus event that could serve as cues for the recognition

task. However, when tiﬁ subjects were not time-limited in their

- processing of the unfamiliar stimuli their performance improved. In

other words, when faced with a new task which consists of a degree of
uncertainty the retarded subjects are at a disadvantage in the
recognition-task situation. ,

Meaningfulness and variation will not be discussed here,
however, the role of attention is an important point.

Krupski (1977) examined the role of attentien in the reaction-
time performance of mentally retarded adolescents. Her assumption was
that good reaction time performance required attention during the
preparatory interval of a trial and that observation of subjects during
that time would provide descriptive information on whgther retarded
individuals exhibited behaviour reflecting the mest basic evidence of
attention. Ten retarded and ten nonretarded subjects were matched for
chronological age (CA = 15.6 and 15.4, respectively). The reaction

time scores for the retarded subjects were found to be significantly

slower and more variable than foxr the nonretarded participants. In
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addition to performing mére slowly on the geaction time task, the
retarded subjects were alsoc noted to glance off-task to a gfeater
extent than their nonretarded counterparts. Xrupski (1977) concluded
that it was premature to infer that frequent off-task glancing in.
retarded subjecés was soleiy responsible for their poor performance
but that it was a contributing factor.

As mentioned previously measures of activation\&evels have
been considered as including various psychological indices such as
changes in muscular tension, heart rate and respiration. Bower and
Tate (1976) studied cardiovascular and skin conductance correlates of
a fixed-foreperiod'reaction_éime.task in retarded and nonretarded youths
matched for bothlchronological and mental age. In all their meésures
the values for the mental age group'fell betweeg those of the
chronological age and the retarde; groups, with few ¢f the differences
reaching statistical significance. The mental=age group was, however,
signific;ntly superior to the retarded group in mean reac;ion time and
skin conductance response magnitude. On the other hand, the chronologicalr
age group manifested significantly more heart rate acceleratiéh and
cephalic pulse amplitude constriction than the mental age group. They
concluded that these findings reflected a marginally lower integrati;n
of central, autonomic, and mctor preocesses ¢f the vounger mental age
group as compared te the older chronological age group.

This study presented consistent informaﬁion of the retarded

subjects as debilitated in comparison to their chronological age peers

both physiolegically and behaviourally during a reaction time task.
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Theyv: hvpothesized that the deficit might be due to an inability to
achieve and maintain an instructed set and/or impairment in arousal

functions.

Motor Set: The final subsection of the preparation phase
is tﬁat of the motor set. Xerr (1982) defines motor set as the time
when the most probable movement f£rom among all the possible'movements
that could bé made in any situation is selected;‘ Weiss (1965)
fractionated reaction time into moter and premotor components. Motor
time was defined as the interval between the arriv§l of this neural
signal at the muscle and the actual contraction of the muscle that
initiates the response of the first observabklie movement (Kerr, 1982).

The premotor time represents the interval between the presentation of

the stimulus and the onset of the action potential in the responding -

muscle (Kerz, 1982).
A study by Ando, Wakabavashi and Yabe (1978) used a

fractionated reaction time paradigm to look at mentally retarded

?
children. Theﬁ chose 43 mentally retarded male subjects (IQ = 49 to 50.3)
and 107 non-intellectually handicapped males matched for chreonological
age only. A verticél jump task was fractionated. The premotor time
was defined as the speed of conduction in the nervous system and the
motor time as the speed of contraction. The results showed a
significantly faster reaction time with age, a éignificant correlation

between premotor time and age and no significant correlation between

motor time and age. The faster response in reaction time in the retarded

[
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children in relation to age was due to the faster response in premotor
time and not due to the motor component. For the normal children,

there was signific?nt increase %g_reaction time, premotor time and motor

time with age. The twq-way analysis of variance between response speed
(RT = PMT - MT) and 1IQ showed no significant difference but there was

a significant difference among these response speeds. Tﬁey concluded
that the slower premotor time accounted better for slower reaction times
in the mentally retarded subjects thaﬂ did motor time but that

intelligence was not related to body reaction time.

To summarize this section on the preparatory phase, the need
for a sténdardized ta§k or system of research would seem obvicus. To
date, it has geen shown that mentally retarded people can anticipate
spatially but do not seem te use stimulus-probability information
efficiently. Temporal anticipation seems to be less of a problem for -
the intellectually handicapped although the evidence has no syvstematic
pattern. There seems to be support‘for both the information processing
deficit and/or_activation level deficit in sensory set.

The one commonality in all of these studies of mentally

retarded functioning is the use of reaction time as’'a valuable-tool

for the study of individual differences in relation to adaptability.

-

Decision Phase

The actual time it takes to complete the decisional phase is

usually referred to as reaction time (Kerr, 1982). Reaction time may
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he fractionated into its premotor and motorlﬁomponents. Premotor time
is usually related to cent;él processinq,.that is, the time takeﬁ to
. .

select the response. Motor time is usually related to peripheral delays .
in the musculature. The:timé from the firing of the efferent signal
gentrally to the onset of muscular_contraction peripherally is relatively
constant for any given response (Kerr, 1982; Andro, Wakabayashi & Yabe,
1978}). |

In the preparation phase it was shown that the speed of
selection could be influenced by the factor of probability and the number

of items, or possible responses held in memory. The preparation phase

dealt mainly with the information that would be needed to make a decision

and to hold it in memorv. In the decision phase the main task is the
-%étrieval of fhis stored information from memory and the choosing
;ﬁetween a number of alternatives and then selecting a sequence of
responses. Xerr (1982) states-thét the performef uses inform%tion to
reduce uncertainty, e.g., the greater the number of alterggtives, the
greater the amount of information needed to make a correct decision.
As the probability of an -event or sequence of events increases, $O the
level of uncertainty decreases, but so does the amount of infdrmation
provided by that event.

Can mentally retaraed ind;viduals retrieve informatioﬁ from
memory in order to formulate a decision and if they can, can they do
so efficiently? Once the information is retrieved from memory can they
make the necessary choice between the number of alternatives and if 50,

is it as efficient as possible? The answers to these guestions may be



24

answered in part by looking at both input organization and inspection

-
tlme - :‘ﬂ.

Auéﬁét (1980) examined input organization as a médiating
factor in memory. Campione and Brown {(1977) "had suggested that mentally
retarded people's memory deficiency was attributed to a failure to
spontaneously emplby organizational strategies in preparation for recall,
rather than an inability to organizé per se. From this August fl980)
reasoned that although mentally retarded individuals may possess, in
some degree, prerequisite category infor@ation in permanent memory,
‘they apparently fail to reaiize that certain mnemonic situations call
for a deliberate strqtegic effort to utilize this information.'rln.other
words, if the use of organization strategies determined at lea;t in part,
ﬁhe level of recall, and if the retarded sub}ects were‘unayare of the.
need for such strategic intervention, then technrgues that éirected
their attention to organizing‘principles may also have facilitated
recall. Glidden (1977) has shown that when stimuli are clusterable,
improéements in recall noted for differing presentation methods were
associated with improvements in measures of recall organization. For

*

unrelated items, there was no direct reiationship observed between
measures of organizatiog and recall. Apparently, for individuals of a
low IQ level, diffexent task conditions may result in either the
production or nonproduction of a particular strategy.

August (1980), however, compared mentally retarded and non-

retarded children of the same ﬁental age to see if her findings would

suggest the possibility that IQ related increases that had been typically
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higher-IQ child’'s use of semantic relationships to organize weakly

related items.

. The results supported the hypothesis that improvements in
recall were dependent on the specific nature of the tésk conditions and
did not occur on an all-or-neone basts. Improvements in clustering and
subjectivé organization closely correspond;; to improvements in recall.

_Indeed, Worden, Mandler and Chang (1978} had found that in ordér for

subjects to benefit from a sorting input procedure, they had to be

-

involved in generalizing their own personal organizations.

~
1

In sum, the findings of August's resgarch suggested that the’
often reported memory deficit of mentally retérded individuals could
not be entirely attributed to a product deficiency involving a failﬁie
to use spontaneously mnemonic strategies that were consistent with
semantic organization. In addition to an accessibility ﬁgficit
involving the development and monitoring of a plan to organize in
anticipation for recall, mentally retarded individuals also may differ
from the norm in the knowledge they possess aﬁout the meanings of woxds -
to be recalled &semantic knowledge) and in their ability to redate
these words to the meanings of other words.

Although August's 1980 study was not a motor task it did
provide some evidence that mentally retarded people have problems

-

organizing information. As ﬁbvements are not stored ‘semantically’,

this may be the reason why the mentally retarded do not show as great

2 deficit in motor tasks as they often do in verbal tasks.
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Once information is retrieved from memory can retarded

v

individuals make seléctions between choices? Brewer and’ﬁettlebeck
(1977} worked upon Welford's (1971, 1973, 197;) éssumptiOn that people
generally diviéed the stimulus array into twe classes, inspected each
class 'in turn to locate the one containing the signal, an§ then
continued with successive inspections of progressively smaller classes
until the specific location of the stimulus was idenﬁifiea. From their
1975Astudy, &ettlebeck and Brewer found t@at compared with nonretarded
subjects, retarded subjects were more reliant ;pon the ends’ of the display
and upon repetitions of the preceding stimulus in order to respond
guickly. It was not clear, however, to what extent such reaction times
were dependent upon the presence of this line as an expiicit reference point
or cue. Thus, there waé.a need to examine the extent to which retarded
subjects weré dependent upon this cue in o;der to direct tﬁeir inspections
of the stimulus display in an economical manner.

Their subjects were matched for chronological age (17 to 58
vears) but the mentally retarded group were considered borderline or
slow learners. In other woxds their mean ;Q was 65 to 73, slightly
above that of all previohs stud;é:\feén. The results showed that when
the centre line was absent, retardég subjects were still able to respopd
correctly to thé stimuli in the middle of the display. However, while
the patterns of reaction times suggested that the nonretarded subjects

were using a conceptualized midline as a reference point this was not

the case for the retarded subjects.
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Thus, it appeafed éhat even in a task in which the stimulus-
response relationships were quite direct, the performgnce of the mi;dly
retarded persons w;s greatly influenced by the presence of certain cues
in the stimulus sifuation. In the absence of such cues, tﬁe responses
of the retarded persons were slowed to a greatér degree than were those
of the nonretarded individuals. It appéared that retarded persons
generally reguired more inspections in order te locate the stimﬁlus and

its response.

Wwhen a vibrotactile key was used to stimulate the responding

' -

finger directly, thereby greatly simplifying the processes of stimulus
discrimination and S-R translation, the differences between retarded and
nonretaJéed subjects in median reaction time and variability of reaction
time between fingers in the S-choice situation virtually disappeared.
Thus, if the reaction time task can bypass effectively the discrimination
and trgnslation processes, then much of the difference between the
retarded and nonretarded subjects disappeared {Brewer, 1978).

Laily and Nettlebeck (1980} used the term inspection time (a)
for the measure of information processing speed. This measure was
derived from a discrimination model prdposed by Vickers, Nettlebeck and
Wilson (1972). The model assumes that when individuals are regquired to
disciiminate between alternatives, they make a series of inspections of
the sensory data, storing information obtained in memory until the
evidence favouring one alternative reaches a predetermined ;riterion.
Inspection time is defined as the duration required to make one inspection

of the sensory data.
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Lally and Nettlgbeck {1980) investigated the effect-on
estimates of varyingAthé type of response required. The hypothesis was
;hat longer estimates of A obtainéd from retarded subjects could:Be
due to difficulties in having to organize a response rapidly rather
than to slower perceptual sbged. Twenty retarded male subjects rangéd
in age from 17 to 25 vears while their IQ ranged from 51 to §3
'(f@ = 69, Sb = 8). They were matched for chronological age onlv. Their
results suggested that non-retarded individuals adopted different
strategies for respgnding in tﬁe two tasks used. In the more difficult
task recguiring sglecticg}b§tween two fingers of the one hané, nonretarded
subjects rgsponded mpre“cautiously, 50 reaction time was increased.

-

Error rates did not increase, so estimates of A remained virtually

unchanged; however, results obtained from retarded subjects were lsss
. N .
clear. When these subjects were reguired to organize a moze complex:

. ] \\/
response, estimates of A appeared to have been influenced by response-<
selection. factors. Thus, estimates of inspection time of retarded
subjects were not found to be independent from the manner in which the
response was made. On the whole, retarded subjects responded at about

<
the same speed in both tasks, irrespective of the number of errors made.
Since reaction times remained relatively constant for th taﬁfs,
decision processes must have been made more rapidly and on the basis
of less evidence in the task where response organization was more difficult,

assuming that increases in response complexity take longer to organize.

This strategy resulted in more errors and, therefore, longer estimates

of N .
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While nonretarded subjectsqgénded to trade speed for accuracy
in the more difficult task, those in the retarded group traded accuracy
for speed. Thus, it seems that the higher estimates of Mobtained in
the more complex task for the retarded subjécts were a conseqhence of-

making decisions on the basis of even lower overall levels of caution,

-

" rather than confusion in response organization. This would suggest that

in a situation involving relatively high stimulus uncertainty, retarded

" and nonretarded persons may adopt qualitatively different strategies

-

when attempting to cope with the same experimental constraints.

An additional problem that may be associated with response
organization is that of reflection-impulsivity. Messer (19¢76) noted
that reflective persons consistently perform better than de impulsive
persons on problem-solving tasks involving response uncertainty. He
also reported research indicating that the scanning strategies of
impulsive individuals on the Matching Familiar Figures Test were less
svstematic and more global than those of reflective individuals.

Haskins and McKinney (1976) found significant correlations
between the Matching Familiar Figure Test errors and problem-solvihg
performance and suggested that the accurate children may have aéquire_d
more competence in information-processing skillé. Borys and Spitz (1978)

argued that one reason why the retarded groups .performed poorly on

" problem-solving tasks was that they responded too guickly, failing to

consider the problem carefully in order to reach a solution. They
proceeded to test educable mentally retarded adolescents and nonretarded
children of equal mental age using the Matching Familiar Figures Test

to assess reflection-impulsivity.
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They found no significant difference between error scores :

for retarded and fourth grade subjects. The only significant differenﬁgf‘
in latency was on the preschool test where retarded subjects took
longer to respond. Thus, there were no reliable differences between
the two subjeét groups in the proportion of impul ive-refiective, fast/
accurate, or slow/inaccurate responders. Further analvsis on the
retaided group also indicated that there were no significant correlations
between IQ and errors on IQ and latency. In sum, the results indicated
that the retarded adolescents did not respond more cuickly or less
accurately on the Matching Familiax Figures Test than &i¢ their nonretarded
mental age counterparts. In fact, the response times of the retarded
adclescents were slightly longexr than those of the fourth graders. It
was'thought to be qqlikely, therefore, that impulsivity in retarded
individuals was responsible for their marked inferiority to nenretarded
children on certain problem-solving tasks.

. The above studies have shown that mentally retarded individuals
can retrieée.information from memory in order to formulate a decision
but research indicates that it is less efficient. Once this information
is retrieved from memory they are capable of making a choice between a
number of alternatives depending upon the complexity of the stimgli
and/or the response. The major obstacle in drawing definite conclu§ions
is the sample matching of chronological and mental age and the differences

in the type of tasks used to reach these conclusions. None of the motor

tasks were matched for mental age. The non-motor tasks matched for
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mental age (Mosley, 1980; August, 1980; Borys & Spitz, 1978) tended to

show less of a discrepancy between the two groups.

Movement Phase

Having decided Qhen and where to move, the next phase involves
the guestion of how to move. A very large part of this phase concerns
the effectiveness with which the various operations‘involved in a plan
of action can be organized. Once these operations have been organized
the effector mechanism must send commands to the muscies, a complex .
process in that so%e movements demand higﬁ amounts of information be sent
at a fast rate to the muscles in order that.rapid mevements c¢an be made.

The‘first problem that can‘occdr is in the Qéte that commands
can be orgaﬁized‘and sent to the muscles; the secondy is the Qay in
;hich the motor commands are organized in light of an actien plan
(Marteniuk, 1976). Eéch will be reviewed in turn. '

The fifst factor that could limit information processing in
the movement phase is the amount of information being handled. Fitts
{1954) studiedé the problem and found that the length of tiée it tocok
to complete a movement was a function of both its leﬁgth and recuired
terminal accuracy. From the formula he derived, the difficulty of th§
task cou;d be determined from knowledge of the bits of information.

The results of his research have shown the capacity with whiEh the motor

system can process information. In support, Marteniuk (1976) peointed

out that if there was no fixed capacity, movement speed would have been



the same for each level of difficulty, but gince movements became slower
with increasing difficulty this ind;cated that only so much information
.per unit of time could be processed. Therefore, the more information
available, the longer it took'to process.it. Marteniuk (1976) alsc’
added that 'the maximum rate with which the motor systeﬁ could transmit
information was about 12 bits per second.

Pew's 1974 work centered on the compensatory display where the
subject sees only the error signal, i.e., he must move his contreol stick -
$O as to return a cursor to the centre of the display and thereby correct
for any deviations introduced ﬁy the inpﬁt signal; the output is literally
subtracted from the input before it is presented to the subject. Pew
assumed that the subject operated on a discrete time base, executing one
movement every 266 msecf In addition, Pew (1974) added the output of a
short-térm prediction on what has since become known as a short-term
memory. This was a signal that comprised the weighted sum of position
plus velocity of the error'signal. The assumption was that the subject
did not execute error corrections on the basis of position errors alone,
but rather tock account of trends and rates of change of the error signal
in makiﬁg his decision about what size correction to make. As mentioned
in the preparatory phase, Poulton (1952) had defined this as perceptual
anticipation. Therefore, the value of the desired error correction is
held in memory for 200 msec (one sample period) and then releaséa for
execution in the form of a movement. Thus movements are always being
executed 200 msec after the errors to which they are responsive have

been sensed.
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Combining the-above with the evidence that predictability or
peréﬁptual\antiéipation can enhance.performance, Poulton (1966) has
produced réiigbly better tracking performance for just about all
conditions that have been studied by providing the subject with a
pursuit display, instead of the compensatory one. In other wordé, the
compensatgry tracking di?play was a useful tool to examine a simple
tracking task in which very little processing was inveolved. However,
many sports activities and videc games of skill would not be possible
if the human 'processor' could not take advan£age of the preaictabilitv
in the environment to better his performance. According to Poulton
(l96é) the pursuit display provided input andﬂg&;put information
separately as well as permitting inferences about the error signal. It

. . -

is generally assumeé that it permits the subject to formulate commands

on the basis of the pattern and predictabilities of the input signal

unconfounded by the ou signal.

From thj iscussion it can be‘assumed that the rate at which
e or¥ganized and sent to the muscles depends on the amount
of information being handled. Also, commands can be organized into |
action plans. Accounting for residual motor 'noise', one sample period
consisted of the 200 msec period of execution and that in order to take
full advantage of the information perceptual anticipation was used when
possible. ’
Eowever, as indicated above, the 200 msec period also takes

into account the menitoring of the movement. Monitoring of a movement

includes a comparison of the current position with the desired outcome
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and the associated corrections. Before discu§sing movement monitoring
a brief definition of the concept of a ballistic movement would seem in

order.

Rasch and Burke (1978) describe a ballistic movement as a
compound movement. The first of the three phases is a sustained force
movement where the agonists contract concentrically, because the antagonists

do not contract the body part(s) involved accelerate. The second phase
is marked by nogruscular contraétion and so the body parts coast. 1In
the final phase the antagonists contract eccentrically resulting in a
deceleration. The three phases overlap at the transition stages, where
oné kind of movement blends smoothly‘intd t#e next.

Welfora, Norris and Shock (1969) déduéed two separate controlling
processes: 1) a fasteg one concerned with distance coverimg and 2) a
slower one for 'homing in' on the target.

The first controlling process is concerned with distance

o
covering. This is the only factor which is actually varied in the
stressalvser. The distance required to travel to the target can be
viewed in texms of overshooting. Buck (1978} found that the rate of
overshooting a target in a manual positioning task dependended on the
distance of the target from the boundary of the task, such that targets
closer to the boundary were overshot less freguently. He also‘suggested
that the task boundary is a cognitive construct rather than a perceived

constraint, conceived by the subject as a frame of reference for his

movements on the basis of changing reguirements. Boundary distance

-~
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was defined as the distance between the target and the boundary of the

display in the direction of movement (Buck, 1976). \

. L]

The second controlling process of movement monitering
involved the homing-in on the target. Where this part of the movement
begins is difficult to discover unless there are obvious erxor corrections
made. It maé be that the homing-in perigd begins in the first phase
of the baéslistic movement when the decision to coast is made. A final |
factor which often augments the differences between the retarded and
normal population in this area is that of variability. Variable errorx
reflects the extent t§ which the person is inconsistent or how the
person's perﬁcrmance varies about his own mean performance. This intra-

subject variability seems to be higher for mentally retarded subjects than

.for their normal counterparts.

McGown, Dobbins and Rarick (1973) explored the intraindividual

variability of retarded and nonretarded children on =z coincidence timing

‘task. The hypothesis that the lower performance level of the retarded

children was a function of greater thap normal within.subject variability

was not substantiated. Although there was large within_subﬁect variability
-

in motor performance, which is charactefistic of retarded children,ithe

correlation between constant error and intraindividual variability was

low. Therefore, the lower level of performance of the retarded was not,

in this case, a reflection of their greater than normal within subject

variability. Although consistency is an important aspect of skill, the

mentally retarded children, when matched for chronological only, performed

less well on this motor task. However, this consistency was apparently

independent of constant error.
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On ;He other hand Caffrey, Jones'and.ﬁinkle {1971} examined
the differences and variabilities in reaction times of normal and
educable mentally retarded children with respect to intersubject
variability. The retardéd children, matched for chronological age
only, were §ignificantly more variable than the normals. This inter-
subject variability was alsd® consistent with the findings of Berkson
and Bauméister.(1967). A final statement by Caffrey, Jones and KEinkle

(1971) was thai further study should allow for other phyvsical

abnormalities of the retarded child to be gonsidered. As seen from

4
»

' this review this may be-in ﬁhe form of comparisons of groups on the
basis of mental age (Kabpauf, 1973) or of the different types of mental

retardation (M.R. vs D.S.).
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Chapter III
Method

Subjects

Ten trainable mentally retarded and twelve Down syndrome
males were selected from the Ottawa Board of Education schools. Five
children from each group were matched for both chronological age_and
functionél age, seven ch;ldren from each group were matched for
functional age only, and eight children from each group were matched
for chronological age only. Two groups of normal children, nine
eiementary school and eleven high scho;l males were also selected from
the area schools. The elementary school children provideé the

- functiconal age mat;hes with the Down syndrome group and the high school
males provided the chronological age matches. The means and $.D.'s
for chronological and functional age are presented in Table 1. All
subjects were free from motor impairment. See Appendix A for the list
of subjects for each analysis.
F;nctional age, as implied by the name, is the level at which
an éndividual functions. The basic assumption is that functional age

is &Qual to chronological age in normal children.

e



Table 1

Mean Chronolegical and Functional Age
for Each Group. in Years .

Groups N Chronological Age _ Functional Age

Mean S.D. Mean s.D.
Down Syndrome 12 18.18 1.66 7.08 1.22
Mentally Retarded 10 17.78 1.97 8.20 1.72
Elementary s - 7.88 1.29

matched for FA

High Scheol ) 1l 18.16 1.75
matched for CA ,

Apparatus

The apparatus used go ﬁéasure psychemotor performance was
the N.R.C. stressalyser. The system consists of a tracking unit and
a control unit.

The tracking unit (figure 1) features a display within which
five targets, 2.4 mm in diameter are se® 41 m apart in a semicircular
fashion. A‘control steering wheel drives a pursuit pointer that has
been set up at a 1:1 fatio. The m%nually coﬁtrolled wheel requires
an applied torque of 14.2 g m to imitiate movement and has an inertia
of 9.56 ¢ m2 (Buck, Leonaxdo, & Hyde, 1977). When a target is

illuminated the subject must align the pursuit pointer within the

target area for an uninterrupted period of 200 msec.
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Pursuit pointer

TIGURE 1

Front Plan of Tracking Unit
Direct Method
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The control unit excites a potentiometer that is driven by
the pursuit pointer and reads its output. This output is in the form
of an amplified'analogue measure of wheel and pointer position and
movement. As the control unit monitors the potentiometer output it

- - -\ » -
compares it with reference voltages corresponding to the starting and
target positions for each step. As alignment conditions are met by
the subject on the tracking unit the control unit selects -the refer-

ence voltages, and illuminates the next target. The subject's task

is to make 100 successive alignments of the pursuit elemert with one
of the five illuminated targets. As the subject pursues the targets

the information is written onto magnetic tapes for future decoding.

Procedure -

AlL subﬁectg completed a single test session. Each session
consisted of eight trials performed successively with intertrial
pauses of approximately one minute. Each session lasted between 20
and 30 minutes. Of the ten patterns of target movements that were
available for use, numbers one to four were used. That is, ;he session -
began with pattern one and continued with a change of pattern at each

run until the fifth run. On the fifth run pattern four was repeated

and on subseguent runs the pattern was set in descending order so that

the final trial was on pattern one.
The tracking unit was positioned on a table such that the
center of the unit coincided with the center of the chair. Thus, the

subject's body midline was directly in front of the tracking unit's



41

-
~

centre light. The chair was adjusted for each éubject in order that
the target @iéplay of the tracking unit was below the.line of sight.
Indirect ambient'lighting was--used whenever possible. ' For each sub-
jéct the cassetté nuﬁber and side used was recorded on Stressalyser
Test Record sheets. All details of the testing session were recorded
on the record sheets.

On entry inte the room the suﬁﬁéét was seated atla comfort-
able distance from the tracking uﬁit; He was then instructed to hqld“
the wheel of the trackihg unit so that the pointer was betweén targets
4 and S5 (counting the targets f;;ﬁ left te right) until the appearance
of the first target light. At this time, the subjects were shown the
correct hénd po§i£ion that was to be méintaineé throughout the session.
That is, both hands must grasp the vertical hand grips firmly but not
too tightly, as in'driving a car. The arms should be at a 45° angle
at the elbow. The subject was told that 100 targets would be presented ‘{?
for each trial and that this would be done § times. During the explan-
ation of the procedure, the wording varied according to the child’s
ability, the emphasi; was placed on speed and accuracy of performance.
The subjects received knowledge of results in the form of total number
of seconds to complete the run at the end of each trxial. The instruc-
ticns were repeated as often as needed.

The task as a whole was explained as being a game. The

children were asked if they had seen Star Wars and if they had, the

-

L . v
target lights were treated as enemy star fighters and his task was to .-«

shoot the enemy down as fast as possible to make direct hits.
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-. In the case they had not seen the movie, the task was treat-

ed as if they were driving the family car_and in orxder to avoid hitting
other cars ér pedestrians, they had to drive towards the lights and not
hit the lights. They were asked to get from school to home again as
fast as they could without being 'in a; accident.

The high school males did not requife the 'game situation’.

If he asked about accuracy they were told to track accurately in order

to reduce speed. In other words, .the subject had the final choice of

 strategy. The task itself. gave knowledge of alignment accuracy.

.

Design and Analvsis

-~

The overall analysis was divided into three separate parts.

_ In the first analysis (N = 20) five Down svndrome and five mentally

‘yetarded children were matched for functicnal age and chronological

age to within 180 days from the date of testing. One control group
of five males was matched for functional age only; the enly stipula- )
tion being that at the date of tésting, tpey not be within 90 days of
their date of birth. A second contr;I géoup was matched wifh the
Down svndrome group to within 180 days of their birth date on the day
of testing; i.e., for chronological age.

The second analysis (N = 21) compared seven mentally re-
tarded and seven Down syndrome bovs matched for functicnal age cnly.
A control group of seven elementary school boys was matched with the

Down syndrome group. The elementary school males could not be within

90 days of their birthday at the date of testing to ensure that they
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were in the middle of their functional age. .

. The third analysis was perfofmed on three groups of eight
subjects (N = 24). The Down syndrome group was matched for chrono-
logical age wiFh the mentally retarded group. The control group of
hiéh school béys Qas matched with the Down syndrome group for chrono-
logical age to within 180 days at thg date of testing.

-~ In each of the three analyses the data was analyzed in
terms of 1) total response time, 2) total response time in quartexrs,

3) correct reaction time at four levels of -probability, 4) non-over-

shoot movement time for three distanges, 5) overshoot movement time
for four distances, 6) error score at four levels of probability, and
7} overshoot score for four distanées.

A preliminarv manipulation of the data was performed in
ordef to remove atypica%Ascores; Bu;i {1981) established exror
criterions £or the very low atvpical ;alues of the distributior of
data. An error criterion of 11 msec was set for error time which
are mostly 1 msec in value. This error criterion of ll‘msec presum-
ably represents limits in the resolution of erxror movement detection
{Buck, 1981). For overshoot times the low wvalues 1lié between 6 ana
15 msec and are associated with misalignments on the nearside of the
target as distinct from true farside overshoots. | | .
| I# addition to the error criterion, inclusion criteria

were established for the high value atypical data. - High values were

.

defined as any bxeak in performance over 10 seconds in duration; pre-

sumably caused by breaks in attention. The distributions for the
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atypical data are shown in Appendices B, C. and D. Therefore, in-
¢lusion criterions were set for botﬁ reaction time and movement time
data. The inFention being to give more support to the null hypothesis
(Eo) being fested. The data within the inclusion criteria wefe then
submitted to statistical analyses. : L
Total response time was.analvzed using a groﬁps x subjects
x trials analysis oE varianc? with repeated measﬁres. Correct reac-
tion time, non-overshoot movement time, overshoot moveﬁent time and
total respanse time in quarters were igﬂtﬁhed separately using a
groups x subjects x probébili;ies {or distances -or quarte;s) X trials
analvsis of variance with repeated measures. Finally, error scoré'
and overshoot score were aﬂalyzed usiné the Chi-Sguare Test. Per-

formance scores for 2ll analyses were averaged over all trials, and

simple main effects were used to describe the significant main effects.

-~

44
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Chapter IV
Results

The three separate analyses were examined togethéf in terms
of thg seven specific megéurementg provided by the stressalvser. As
the number of subjects varied for each analysis a summary of the
analyses performed were preseﬁted in Table 2. The data were averaged
within trials,‘howe;er, in cases where data was missing due to mech-

anical failure, only those trials with complete data were used. Each

\
specific measurement is presented in turn. ‘

- \

r - Total response time \\\\\

\,
~

The distribution of scores of total response time was normal.

The data were submitted to a groups x subjecis x trials analysis of

variance with repeated measures (see Appendix H).

e T LA



© Summary

Table 2

of Analyses Performedl

.

Functional and

time for Down Syndrome

group only

Measures Functiocnal Chronological
- Chronolegical Age Only. Age Cnly
Age .
Total response time 4 x 5 x 2 IxTx7 3x8x5
' Total response time 4 x5 =x X I x7Tx4ax I x8x4x5
in guarters
Correct reaction time 4 x5 x 4 X Ix7x4x 3Ix8x4x4
for 4 levels of ~
probability .
Non-overshoot movement 4 X 5 x x Ix7x 3x I x89x3x3
time for 3 distances.
Overshoot movement 4 x 5 x = 3 x6x4zx I x6x4x5
time for 4 distances .
2 2 2
Error rate X =-test® X —-test X =test
2 2 2
Overshoot rate X =test X" ~test X =test
. . 4
Correctlon reaction 12 x 4 x 7

1. Except where otherwise indicated Analyses of Variance with repeated
measures were performed. '
2. Groups x subjects x trials

3. Groups x subjects x levels x txials

4. Subjects x levels x trials
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A summary of ‘the analyses of variance is presented in

Table 3.
Table 3
Summary of ANOVAs for the Total Response
Time for Each Analysis
Effects Functional and ~ Functiconal Chronological
Chronological Match Only Match Only
Match
) . i \
. Groups p<£.05 n.s. p<.0l
" Triéls pg.01 p¢.0l p<.05
_Groups x Trials pg.Cl n.s. n.s.

1. No significant difference

The main effects of groups shows that when Down syndrome -
children and mentally retarded children were matched for functional
’ ége only with elementaiy school bovs there was no significant difference
between the groups. However, there was a significant difference between
;7 the groups when the Down syndrome and mentally retarded ch;ldren were
matched with the high school males for chronologicgl age only. This
was supported by the significant difference between groups in the
functional and chronoiogical age énalysis.
The main effects for trials was significantly different in

all three analyses. This practice effect indicated that as the number

“
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of trials increased the total response time decreased (see Figure 2).

Since there were significant differences between groups a

simple main effects was performed. A summary of this is provided in

%

Table 4.
Table 4
Summary of Simple Main Effects
Between Groups for Total
Response Tipe
Comparisons Functional and ' Functional Chronological
Chronological Age.Cnly Age Only
. Age Match Match Match
1 - 2 '
D.5.7 vs M.R. n.s. ‘ n.s. p<€.05
3 . -
D.S. vs E.S., n.s. n.s. -
-~ s
D.S. vs H.S.4 £<.05 - p¢.0l
M.R. vs E.S. n.s. n.s. . -
M.R. vs H.$." p<.01 - p¢-01 )
E.5. vs H.S. g0l - -

1. Down syndrome group {D.S.)

2. Mentally retarded group (M.R.) _ -
3. Elementary school group (E.S.) '

4. High school group (H.S.)

The simple main effects of each separate analysis for groups

supports the results of the main effects of .the three separate

¢ analyses. That is when Down syndrome boys were matched with mentally .

<
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retarded bo?s for functional age only tﬁere was-no significant differ-
ence in ;otal';esponse time. When the Down syndéome group’ was matched
with thé.mentally retarded group for chronological age only there was
a significant difference in total response time.

The simple main effects also showed that neither, the Down

syndrome group nor the mentally retarded group were significantly

different from the elementary scﬁoo_l children when _ma.tched for func-
tienal age only. However, both the Down syndrome group ané the men-
tally retarded group showed a significant difference from the high

échool bovs wken matched for chronolegical age only. .

From the simple main effects for the functional and chrono-
logiéal age matches it was seen that thgre was a significant d}ffer-
ence between the elementary school bovs {mean chronological age of
7.88 vears, $.D. = 1.29) and thg_g;gh/;chool boys (mean chronological
age of 18.16 years, §.D. = L.75).

Examination of the graphs for the analyses (see Figure 2)
showed that the high school males performed consistently faster than
the other groups. The elementary school boys performed fa;ter than the
mentally ret;rded group, who in turn performed faster than .the Down'
svndome group, Elthough there were no significant differences between

“

the groups.
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Total response time in qparﬁérs

The distribution of scores of total response time in quarters
was normal. The data were submitted to a groups X subjects X guarters
x trials analysis of variance with repeated measures (see Table 2).

A summary of the analyses of variance is presented in Table 5.
Table 5 . ] .

Summary of ANOVAs for the Total Response
Time in Quarters for Each Comparison

Effects . Functional and . : Functional Chronological
Chronological Age Match Age Match
Age Match Only Only
Groups : p<.05 n.S. ‘ <. 01
Quarﬁers ' n.s. | p<.0l p(.di
Trials pg. 0Ll p<.01 p<-01
Groups x Quarters n.s. n.s. e, .05
Groups x Trials pg.01 n.s. n.s.
Quarters x Trials ' n.S. n.s. ’ n.s.
Groups x Quarters x Trials n.s. ' n.s. n.s.

The main effects for total response time in quarters for
groups and trials were identical with those discussed previously for

total response time (see Appendix H) .
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The main effects foriquarters‘showed no sigﬁifipgnt difference
in the functiocnal and chronological age match analysis but did show
significénce in the functional age match only and in the chronological
age match only. The results for the simple main effects for the

analyvses are shown in Table 6.

Table &

2
[

AN

Summary of Simple Main Effects for Quarters
for Total Response Time in Quartersl

<
Functional Age Chronological Age
Comparisons Only Match . Only Match
D.S. M.R. E.S. D.Ss. M.R. E.S.
Quarters 1 vs 2 £<£.05 n.s. p<.Cl . p<£.01 p<.05 .01
Quarters 1 vs 3 pg.-01 <. 05 p<.0l ° pg.01 p<.-05 . n.s.
Quarters 1 vs 4 . pg.0l n.s. P¢.0l P01 €05 .01
Quarfers 2 vs 3 n.s. n.s. n.s. n.s. n.s. pd .05
Quarters 2 vs 4 p<.05 n.s. n.s. n.s. n.s. n.s.
Quarters 3 vs 4 n.s. n.s. pg.05 n.s. n.s. n.s.
Y

1. Quarter 1 = Lights 1 through 25

Quarter 2 = Lights 2& through 50

Quarter 3 = Lights 51 through 75

Quarter 4 = Lights 76 through 100

By combining the results from Table 6 with the results from
Figure 3 it was observed that all groups performed significantly bettef‘

during their first quarter (i.e., the £irst twenty-five targets) except
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for the mentally-retarded group in the functional agé only match. The

" elementary school groups showed significant difference between the
_thiré and fourth éharters (i.e., they slo;ed §own)'ahd the high school
group showed a significant difference between the seceond and third
quarters (i.e., they went faster). The Down svndrome and mentally
retarded groups showed no further significant cha.nge in performance
from guarter to gquarter after the first guarter. -

When comparigg thé first quarte? with thelfoﬁrth quarter,
the mentally retarded group in the analvsis of functional age matches
only showed no significant change in performance although:they seem to
be performing slower. However, when comparing the first and last
quarters for the other three groups (Down syndreme, elementarv school
and high school), their performance was significantly slower in the

flast guarter.

Reaction Time

The reacticn time data was examined in terms of reaction times
for correct responses and reaction times for error responses. Reaction
time data for correct responses is affected by directional érobability.
It is therefore possible to combine the data‘to produce mean correct

reaction times for four probability levels (.25, .50, .75, and 1.00)-.

- Reacticn times for error responses show the same effect to the extent

that tho§e for movements starting from targets 1 and 5 are lower than
all others, but otherwise the effect is absent (Buck, 1981). Since

some subjects make no errors and few make errors in all probabiiity
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categories the error reaction times differ érom theléorrect reaction
times'{Buck, l98l).

In both conditions (reaction times for correct’and incor-
rect iesponses) an inclusion criterion.of 51 to 1600 msec was impésed-
Examination of the atvpical data (i.é., data not within the 51 to
1600 msec Ttriteria) for both tvpes of reéction time revealed that

- neither was not affected by direEtional probability.

“The atvpical data for reaction.times for correct responses
was examined. Table 7 shows how each group was affected by the in-
clusion criterion of 51 to 1600. From the functienal and chronolo-
gical age match a tota% 0£*3.5% of the data was considered atypical,
while 2.5% of the data from the functional age only match and 3.9%
of the chionological age only match were dropped (see Appengix B for
h::.stograms) .'

Table 7

Percentages of Atvpical Data Excluded;
Reactlion Times for Correct Responses

Group Function and Functional Chronological
Chronological Age Match Age Match
' Age Match Oonly Only
) J a— ; b
/

Down Syndrome 7.71% 3.89% 7.19
Mentally Retarded 2.19% . 2.16% 2.12
Elementary 1.94% 1.48% ' -
High School 2.04% - 2.40

1. Inclusion criterion of 51 to 1600 msec
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Although the atypical scores were eliminated from the total

data, the majority of atypical scores were from the Down syndrome

group.-

“~

Correct Reaction Time

The distribution of scores for correct reactiodl times was

56

normal and the data were submitted to a groups x subjects x probabilities

x trials analvsis of variance with repeated measures (see Table 2).

A summary of the analyses of variance is presented in Table 8.

Table 8

Summary of ANCVAs for Correct Reaction.
Times for Each Analysis

x Trial

Eff ect Functional and Functional Chronological
Chronological Age Match Age Match
Age Match Only Only
Groups p&.0L p<.05 p<.0L
Probability p¢-01 p¢-01 pg.01
Trials p¢-01 pg.01 p<. 0L
G;cup % Probability pg.0l p{.01 pg.01
Group x Trial n.s. p(.dS n.s.
Probability x Trial n.s. “n.s. n.s.
- Group x Probability n.s. n.s. n.s.

1. Inclusion criterion of 51 to 1600 msec
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The main effects all showed significant difféf;nces. of

particular interest was the group x probability interaction that
_l

-y .

showed significént differences in all three analyses (see Appendii H).

- . . .

-

Simple maln effects for groups showed that when Down svndrome

-
,

subjects were matched for functional age only with the mentallv retarded
subjects there was no significant difference. However, when they were
matched for chronological age only a significant difference did exist

(see Table 95. When the Down syndrome children were matched with high
. : ¢ .
school bovs for chronological-age thexe was a significant difference in

performance. When the Down syndrome children were matched with the

- elementary school males for functional ége only there was a significant

-

difference.

The mentally retarded boys, matched for functignal age only

+
1

-with the elementary school boys showed no significant differences but

when the mentally retarded boys were matched with their high school

N
i

counterparts there were significant differences in performance.
Consistent with total response time and total response time,

in guarters, the high schoel males performéd significantly §EzfgxfEhan

the elementary school males. - ' . .

'Although there was no significant difference between the Down
syndrome group and the elementary school group when matched for

-

" functional and chronological age, there was a significant'difference

between these two groups when they were matched for functional age only.

On examination of the two analyses if was observed that the ' standard



Summary of Simple Main Effects Between
Groups for Correct Reaction Time

-
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Comparison ~ Functional and Functional Chronologicai
. . Chronoclogical Age Only' Age Only
“Age Match Match Match
D.S. vs M.R. A.s. n.s. . 001
D.S. vs E.S. X n.s. €. 025 S =
D.S. vs H.S. p¢.01 - p<. 001
M.R. vs E.S. o n.s. n.s. -
M.R. vs H.S. p¢-01 - p(.OOi
E.S. vs H.S. - .pg.001 - -

~

deviation of the Down syndrome group in the functional and

4

chronological age match analfsis differed markedly from the fungtional

age only match (see Table 10). ,

The standard deviatiops for the twelve Down syndrome boys

r
I

combined was calgulated, the results of which are shown in Table 10.

3

The results of the functional age match only were considered in Table

9. In other words, when'Dpwnvsyndrome males were matched for functional

age only with elementary” school males there was a significant difference

in performance. The variability in performance shown by the Down

syndrome group did not appear in the mentally retarded in either the
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Table 10
Comparison oi{i;gws for Correct
Reaefion Time
Level of Probability
- o : 1.00 ~ .75 .50 .25
FA-CA e D.S. 40.6  40.3  40.5  37.2
'+ Analysis
M_R. 20.2 22.1 24.7 27.8
E.S. ' 14.0 14.5 15.7 19.0
- E.S. 7.1 5.2 5.0 8.8
FA ' D.S. 25.8  24.2  25.8  24.7
Analysis . -, ,
- M.R. - 12.9 16.7 15.9 18.0
: " E.s. 9.6 9.1 11.6 l4.6
CA D.S. 31.0 24.8 27.4 27.3
Analysis . :
M.R. 14.1 17.3 16.0 20.7
E.S. 4.1, 4.1 3.6 5.8
* DS Only Analysis | : 21.4 12.0 18.8 17.4

functional age match only analysis and the'chrondlogical age'only

match analysis. ' In fact, the variability between the mentally re-

b

tarded and the elementary school bovs &id not differ greatly (see

S

Table 10). Tﬁe-high school boys were the least variable.
‘ [ '
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The simple main effects for érobability ar; presenteér in
Table 11. The Down synd;ome children showed no significant difference
in gerforﬁance for correct reaction time betkeen probabilities'l.bo and
.50 when matched for functional age only. The mentally retarded group

-

Table 1l

Summary of Simple Main Effects for Probability
Levels for Correct Reaction Time

Comparison Functional Age Chronological Age

. Ogly Match . Only Match

D.S. M.R. E.S. D.S. M.R. H.S.
Prob 1.00 vs .?5' P4-001 pk.OOl p<.001 n.s. p<g.001 p<.pOl
Prob 1.00 vs .50 n.S- p<.-001 p<.001 p¢.05 p&-01 D001
Prob 1.00 vs .25 pg.025 p¢.001 g .001 pg.C0L pg.0L p<.001
Prob .75 vs .50 p¢.0l  n.s. p¢ .01 p<.00l  n.s. 5¢.001
Prch .75 vs .25 D¢ - 001 n.s. 2L .05 pg.001 n.s. p<-.05
Prob .50 vs .25 pg. 01 n.s. n.s. P¢-001 n.s. n.s.

showed no significant improvement in performance for correct reaction .
time except when reacting to the easiest probability_level (1.00). Only
the Down sﬁndrome boys showed any significant difference in correct
reaction time between the two most difficult probability levels {prob

.50 vs .25). The elementary school boys seémed to react to probability

levels in a similar fashion to the high school boys, albeit more slowly.



pa—d

———— vama s s

b

.

e . e e A W R i e A e S e —ma Sa R  a e de PSPPSR ey REE SR el R R .- -

- - T ——— -

. [
Figure 4 partly explains the interaction between groups and

probability levels. On gxamination of the probability factdr in the
.simple main effects between groups for correct reaction time, it s;emed
that when the probability between groups was not significant there was
a significant group x probability interaction (see Table 12). When.

there was a significant difference in probability between groups, there

was no interaction effect.
Table 12

Summary of Probability and Group X Probabiiity
Interaction Effects Between Groups for -
Correct Reaction Time

_ Probabiliéy Group x Probability
Comparison Al BZ C3 N 5 .
D.S. vs M.R. n.s. p&£.0l n.s. pg.01 p<g.01 pg .01
D.S. vs E.S. n.s. n.s. - ‘pg- 01 p¢-01 -
D.S. vs H.S. n.s. T- p(.oi . ' pg-01 - g0l
M.R. vs E.S. pL.-01 pg.0l - ] n.s. n.s. -
M.é. vs H.S. p¢-0L - »¢-01 n.s. "= n.s.
E.S. vs H.S. | rg-01 - - n.s. - - -

1. Functional and chronolegical aée match analysis
2. Functional age match only analysis
3. Chronolegigal age match only analysis
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Figure 4 and Table 12 show that whereas the mentally retarded, .
the elementary school and high school boys react faster for highly *“/’—'
probable targets and more slowly for the less probable targetw? the
Down svndrome boys performed better at the most difficult levels.

In order to confirm Eggt the Down syvndrome bovs were. not

reactingxto directional probability a separate analvsis of variance with

repeated measures was performed with the twelve Down syndrome boys.

age match only (see Table 11).

The results for the larger sample supported the results of the functional

Non-overshoot Movement Time

v

Movement times for responses made without an overshoot are

generally fastexr than movement +ime where an overshoot has been made

(Buck, 1981). As with the previous measurements (total response time,

total response time in guarters and correct reaction time) the data were
normally distributed and were submitted to a groups x subjects x

distances x trials analysis of variance with repeated measures (see
Table 2)}.

However, the analyses available to handle this data reguired

complete data sets (i.e., would not accept missing data).

Conseguently
for this analysis, one distance level was dropped. Also, an inclusion
criterion of betwe
atypical data.

en 1 to 3000 msec was imposed in order to exclide

The histograms in Appendix C show the pattern of the
atypical data.



Table 13

Percentaées of Atypical Data Excluded:
Non-overshoot Movement Timel

64

Group - Functional and Functional Chronoleogical
Chronological Age Match Age Match »
Age Match Only Oonly

Down syndrome 4.5% 7.3% 9.1%

" Mentally retarded 2.9% 3.8% 1.9%
Elementary school 1.0% -3% -
High.Schoc_:,lﬁ" 0% - " .04%

Total data 2.8% 3.8% 3.7%

1. The inclusion criterion of 1 to 3000 msec

Table 13 demonstrates to what extent the Down syndrome group

affect the total data with their atyvpical scores.

A summary of the results of the ANOVAs is presented in Table

14. The main effects for groups was significant for two of the three

analyses, i.e., there was no significant difference between groups when

the groups were matched for functional age only. The distance main

effects were significant for all three analyses, however, the main

effects for trials was significant in the functional and chronological

age match analysis and the functional age match only analysis. When
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Table l4

-

Summary of ANOVAs for Non-overshoot Movement
Time for Three Distances -

Effect Functional ané Functional Chronological

' Chronclogical Age Match Age Match

Age Match Only Only
Groups ' p<.001 r.s. p<.001
Distance p<.001 p<.0l p<.001
Trials p<.0L p<.01 n.s.
Group x Distance p<.01 ' p<.01 . <0l
Group x Trials p<.01 n.s. n.s.
Distance x Trials' n.S. n.s. n.s.
Group x Distance ' n.s. n.s. n.s.
x Trial
p .

the groups were matched for chronological age only there was no
significant difference between trials. Each main effect will be

.

examined in turn (see Appendix H).

Simple main effects for groups were analysed; a swmary
of which is presented in Table 15. Thexe was no significant difference
between the Down syndrome and the mentally retarded group whether they

were matched for functional age only, chronological age only or for

ré

B Ty P Ry |

4§
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Table 15

Summary of Résults of Simple Main Effects for Groups
) for Non-overshoot Movement Time

Comparison Functional and Functional Chronological

Chronological Age Match Age Match
Age Matqh N '
D.5. vs M.R. n.s. n.s. n.s. .
D.S. v, kE.S. ' n.s. ’ n.s. -
D.S. vs H.S. p(.OOi - p<.001
- M.R. vs E.S. - n.s. . n.s. -
M.R. Vs H.S. : . p<.001 - _ 2¢.001
E.S. vs K.S. ) P<.025 - . -

beth. lggere was, ag well, no significant difference between the Down
syndromelnthe mentally retarded and the elementary school groups in
the first two analyses (i.e., functional and chronological age matcﬁ
analysis and the functional age only analysis). For movement times
without overshoots only the high school ;ubjects performed significantly
different from the other groups (see Figure 35).

The simple main effects for distance (see Table 16) revealed
that each group had a significant increase in movement time with each

change in distance.
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‘Although there was no significant difference bétweeﬁ'the Down
syndrome group, the mentally retarded group and the elementary school
group their performance curves differed (see Figure 55. although the
ﬂigh'school boys movea through all distances faster tﬁan the oéher
groups, the difference in pefforman;e petween different distances was
less than for the other three groups, i.e., the slope of the line was
not steep. Fo; the functional age-only analvsis the sighificant group

"x distance interSEtion was a consequence of significant differences
between the Down's and mentally retarded groups when compared to the

eiementary school group at the longest distance.

Overshoot Movement Time

The o%ershoot movement times with their accompany?ng error
ﬁorrections were slower. An inclusion criterion of 1 to 5000 msec was
applied to this measurement in order %o exclude atypical data (see _
Appendix D for distributions of data). The amount of atypical data
that was dropped from the analyses was for the most part that of the
Down syndrome group (see_Table 17). One set éf subjects was dropped

because on trials 1 to 5 one of the Down syndrome subjects did not

produce any movement times with overshoots. As a result the analysis

Tavailable would not accept this set of sSubjects.

[
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Table 17 .

. ' ' Percentages of Atypical Data Excluded:
Overshoot Movement Timel .

Group Functional-and Functional Chronolegical
Chronologic&i Age Match Age Match
Age Match Cnly Only

Down syndromé 5.8% 3.1% 3.5

Mentally retarded 3.6% 3.1% 1.1

Ry b _a

Elementary school 1.0% 6% ‘ s -

Kigh School 0% - 0

Total data 2.6% 2.2% 1.8%

1. Inclusion criterion of 1 to 5000 msec

A suhmary.cf the results of the ANOVAs is presented in Table
18. When groups were matched for fungtional age only there was no
significant difference between the groups. However, when the groﬁps
were matched for chronological age only theré was a significant difference
between groups. Whefeas there was a significant difference between
distance main eﬁfect for all groups, the trials main effect was
significant for all but the functioral age only match. The interactions d

of group x distance and group x trial were not significantly different

for the functional age only group (see Appendix H).
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) Table 18 -

.~ - Summary of Results of aNOvas for Overshoot
Movemént Time for Four Distances

% ,.‘ ’ ‘.

¢

- ; . ;ffect ' - Functional and ' Functional Chronological
, L, Chronological Age Match . Age Match
g - : Age Match : Only ] Cnly
Groups - A -p(.OOi' n.g.! ; <. 001
;,/’. Dis£ance ' . .p<.001 . p<.00L p(!OO} :
< ‘ Trials, o p¢.00L o . n.s. ‘ .0l
- .
. Gr;up x;Distance o p(.Oll‘ n.s. ) pg.0l,
Group xTTfial' »<.01 ‘ " n.s. ¢ .01
; N o
. pistance x Trial p¢.01 o n.s. _ n.s.
. Group x_Distance ‘ n.s. X n.s. n.s. h
) X Trigl . . . e
r . . ' | .
I A simple main effects for groups demonstrated that the
) signif%cant é;ffe;ences were between the‘ﬁigh échool group ané the
. -other thre; groups. That iﬁ; when the Down syndﬁome group and the
. mentally retarded group were matched with elementatry school children
theré was no.sign;fiéant differgqge.. goweverf-there wés a significagg’—ﬁ\
difference in performance betwéén tﬁe Down syndrome and {hr ﬁéntally
ret-'aréled grc;pps when they we;.e matt_:hedofor c}xrpnologizg‘::e only
. . -
(see Figure & and Table ¥9). - _ . : : .
~ - ~ '

s minndd

O
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Table 19 . )
’ Simple Main Effects for Overshoot . '
" Moveément Time for Each Analysis .
. for Four Distances - - -
. Comparison . Functional ;nd Functionéi Chronolcgical
- Chronological Age Match Age Match
Age Match Only ) Only
D.S. vs M.R.' ' R.s.- - _n.s. £<.025
D.S. vs E.S. n.s. ’ n.s. -
D.S. vs H.S. o P01 ' - ' £¢.001 -
M.R. vs E.S. n.s. e n.s.’ 24,001 |
M.R. vs H.S. | - pL-001 - -
E.s. vs.ETS. p&.01 - -
( )
” ® .
The simple ma}n-effects for distance were significant except
for the mentally rgtarded groué‘apd the elementary Séhool group . for
the coﬁparison between distances 3 aﬁd 4 (123mm wvs 1l64mm} in the
.  functional and chronological age match analysis. This cén ke qeen‘in -
Figure 6. In the functionaluaée only analvsis the Down syndréme groﬁp
showed no significant d;fference in performanée between targets 2 and B
3 {82 vs 123mm) and targets 3 and 4 (123 vs 164mm) ) :
. A simple main effects for trials was not performed. However,
from the Table of Means (see Appendix E) for the overshoot movement ‘.
time scores for tr;als, the'grouns generally showed faster times on’
trlal 8 than on the flrst trial. - - . ;
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Error Rate

For previous measurements the data were nérmally distributed
and in each of these distributions the qariéble (performance in msec)
was measured on an interval scaXe. However, when discu;sing error rate
the observations were measured on a nominal scale.. In order to use the
Chi-Square Distribution the.data wés further manipulated in order that
all observations be independent. _Percentages aﬁg not independent, and,
conseqguently, their use could result in improper conclusiong. The.data
was, therefore, transfoémed to nominal values and collapsed across
trials and éiffihulty ievels (see Appendix F-for raw data). From this
data the mean was determined. In the functional and chronological age
match it was calculated to be 85.94, for the functional age énly match
the mean was 100.74 aﬁd for the chronological age match onlyrthe mean

was 67.02. In each analysis any score less than their respective mean

was considered a low score. Alternatively, any score more than the

mean was considered a high score. Table 20 shows the results of the

three Chi—siuare tests. In the chronolegical age match only the Down
syndrome group performed signifiégntly better Fhan béth the mentally
retardea and high school groups. Figure 7 indicates that the Down
syndrome children ﬁade fewer errors on the most difficult probability
level (.25) tha; any other group. However, at the'levél of highest
probability (1.00) they performed as well as the other groups. The

Down syndrome greoup showed no significant difference in error rates

between probability levels .5 and .75, i.e., almost a plateau. The
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Table 20 _ .

Results of Chi-Square Test for Error Rate
at Four Levels of Probability

,

Comparisons Functional and‘ Functional Chronological
Chronological Age Match Age Match '
Age Match ) Only Oonly
_ Groups ({all) n.s. . n.s. p&-05
Between D.S. & M.R. - - . " pg.05
D.S. & H.S. - C - * pg.05
M.R. & H.S5. - . - n.s.

LY

’

-~
"

high school and elementaf& school children made ‘the most erxors at the
.25 probability level and the least at the 1.00 probability level.
That is, both the elementary and high school children were making use

of directional probability. The mentally retarded children seemed to

respond in a pattern that more closely resembled the elementary school
‘

children.

Overshoot Rate

.

g

Overshoot rate differs from exror rate in that an overshoot
was detected when the pointer crossed the far side of the target position

before alignment time on the new target (see Figure 8. Error rate,

on the'oéher hand, occurred after the alignment had been accomplished
TN

< Ay

.
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on the. actual target and the subject was preparing to move to the next
target. As such neither can be discussed in terms of decisional

processes. The number of overshoots can be determined but the point

in time when the decision'was made to make the correction cannot ke

determined.

Y

Overshdot rate, however, depends upon a within-task variable
whicp Buck (1981) has called boundary distance. It is defined as the
relative location of the target with respect to the boundary of the

task in the direction of movement (seé Table 21). Each of the twenty

78 .

possible movements within a run occurred £ive times. Therefore, boundary

. . Table 21

Table of Directional Probability (P), Target Distance (D), and
Boundary Distance (B).

e

STARTING POSITION - TARGET POSITION
' 1 2 3 4 5
\ ' : \

1 ‘ P - 1.00 1.00 1.00 1.00
D 1 2 3 4
B 4 3 . 2 1

2 P .25 - .75 .75 .75
D 1 . 1 2 3

ty
| ol
. Y
[J*]
[

7]
\-‘-

d

o

L]

: .50 - .50 .50
{ D 2 1 1 2
B 1 2 2 1
4 Top .75 . .75 .75 - .25
D 3 2 1 1
B 1 2 3 1
5 P 1.00 1.00 1.00 1.00 -
D 4 3 2 1
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distance 1 occurred 40 times within a run, boundary diswence 2 30 times,

boundary distance.3-20 times and bohndary distance 4 only 10 times

-~

within a run. -

The overshoot data for each subject was .collapsed across

trials and boundary distances ané submitted to a Chi-Square Test (see

-

Appendix G for raw data). The results of the Chi-Square Test, see Table

22, showed no significant differences between groups for overshoot rate.

I

i

However, as outlined in the graphs in Figure 9, the Down syndrome group,

s +

when m&ving to the boundary of the task committed less overshoots than
any other group. When moving to-the targets, other than‘targets 1l or 5,
they overshct as often as the other gfoups. The elementary schoel
children made the most overshoots. | .

The variability between groups, as in error rate, was not

significantly different:

Table 22 )

Results of Chi-Sguare Test for Overshoot Rate
for Four Boundary Distances

7
Comparisons Functional and Functional Chronolegical
Chronological Age Match Age Match
Age Match Only - - “Only
: |
- !
/
Groups . n.s.’ : n.s. n.s.
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Discussion

.

This study differs from previous studies in that in pre-
vious studies usually one, sometimes two, parameters were empioyed to
investigate this special population. The N.R.C. stressalyser allowed
the conclusions of this study to be drawn from measurements on seven

different parameters based on over 130,000 pieces of data.

The hyvpotheses investigated in this study were:

i) There were no significant d;fferénceé in the motor :

*

- control parameters involved in a self-paced pursuit

*

tracking‘task between Down svndrome and mentally
T

retarded children and intellectually noxmal children

-

matched for functional age and chronological age.

- 2) There were no significant differences in performance
in the motor control parameters between Down syndrome ' )
children and other mentally retarded children.

The data from the three analyses demonstrated that there

were significant differences between the performance of mentally re-
;o :

tarded (D.S. and M.R.) children and their intellectually normal Swatches,

ané between Down syndrome and mentally retarded children (see Table 23).

As the findings vary according to the measure being analyzed it 1s more
. “'J _' N
! - -‘
appropriate to consider the hypotheses in relation to each measure
individually. . .
o~ . "
n . ’ w0

-
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For total response time, both hypotheses were supported for
[ ]

the functional age only matches. That is, there were no significant

bl

_‘differences in total response time between any of the groups, Down

syndrome, mentally retarded and elementary school, when matched for

‘ | .-
functional age only. Both hypotheses were rejected, however, when the

Down syndrome gfoup, the mentally retarded group and the high school

r . "
group were matched for chronological age as all three groups responded

significant;y:aifferent from one another. ) .

On the basis of total response time'Down syndrome and mentally

—
~ .

retarded children performed at a level that more closely resembled

their functional age matches rather than their chrenological age matches.
‘The learning curve over trials showed evidence of more initial learning

in the retarded groups than in the nonretarded groups. This invites an

additienal guestion. Since the retarded children demonstrated the

-

ability to learn the task, could they, with more learning trials, match

-.s

the performance of either the elementary gchool or high school childreﬁ?-
- The results of correct reactionxtiﬁe éhowed that qun syndrome
children reacted to stimuli in a very different fashion.frop both the
mentally retarded and nonretarded children. Although there was no
gignificant difference between the Down syndrome and meQ;ally reta;ded
'children when matched for func;ional age, the effect.of'stimulus
probability was more pronounced for the nonretarded groups and-mentally
retarded group than for the Down syndrome group. In general, the

mentally retarded group and the nonrexrarded groups réspondedlto'highly

’
A
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probable stimuli faster than to lower probable stimuli. The Down -

-

- 3

syﬁdrbmé group showed the reverse relationship.
“ The mentally retarded group did fespond £o highly proﬁable ’
stimili faster than low probability stimuli in the same fashion as

their functional age nonretarded -match. In this sense the findings

of the present study agree with Maisto and Sipe (1980). In their
study, where subjects were matched for éhrcnological age only, they

reported that the mehtally rétarded group was sensitive to manipulations
’ . :
in stimulus probability. -

Nettlebeck and Brewer (1976) have shown that when-stimuli
were at a distance, the retarded subjects made additional inspections
before responding except when the signals were very discriminable; as

are the lights at the end of the display. The results of ‘the present .

—_

-+ study support the results of Nettlebeck and Brewer (1976) with a few

»

additions. When the Down's'childrgn were moving to'targets immediately
adjacent to their starting bqsition they responded guickly {see Appendix I}.

In addition, when the adjatent taréet was also an end light of the ﬁask,

they produced their fastest reaction times: these fast reaction times

were for the most difficult level of probability (.25). S \

.

The stight difference in total response time of the
functional age only match betweerf the mentally retarded and elementary
. I .
school children seemed to indicate that it took the retarded children

a little longer to process the information but that they were able to

do this effectively. The Down syndrome children, on the other hand, K

)
.‘.?'_'.

£
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. did not seem to use stimulus probability and,. therefore, may have responded
to the task by making additional inspections in order to locate the

.

stimulus. These additional inspections may explain, at least in part,

their higher total response time, as in the Nettlebeck and Brewer (1976)
study: . -
Therefore', the responses of thé Down syndrome children did

not follow the predictions .of the Hick-Hyman law, whereas those of the

mentally retarded children did:

The movement time data, for both overshoot and non-overshoot

movement time; showed no significant differences between group% when

- they were matched for functional age only. Response amplitqde did not
influence the retarded groués' mﬁvement time anQ differently than for-

tpe.normal children. For‘thé mgyement tiﬁe parameters the performance
of all the groups conformed to the'exée;tatians of Fité's Law.

The errox raté and overshoot rate indicated that some degree
of speed-accuracy trade-off Qas made. The Down syndrome chiidren made
fewer ‘errors and fewer overshoots thus indicating a speed for accuracy
trade. The mentally retarded and elementary school children tended to
trade accuracy for speed although to a lesser extent than the high
school bovs.

An additional point to be made concerning movement time is
that’since there were no significant diffefences between the Down
svndrome, the mentally retarded ahd‘the elementafy school groups,-the

differences noted. in total response time were most likely due to

differences in the response selection phase.
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The results. for error rate showed that errors were independent
[ N .
of probability levels for Down syndrome, i.e., although the Down's child-

ren had more difficulty in the selection of a response, once they moved

to the target they made fewer errors. This agrees with the findings of

- ) N .

Borys and Spitz (1978) in that impulsivity was rot responsible for slower '

performance times among M.R. ) : '

when total response time for each trial was divided into
gquarters, the hypotheées were accepted. It seemed that all groups per-

formed significantly different from the first to the last quarter, i.e.,

- performance deteriorated within the groups. )

+

The hvpotheses for functional and chronological age matgh

were rejected for all parameters except overshoot and error rates (see
Table 23). A complex motor task, in which response selection ié depeﬁ;
.dent upon informatioq being processed cangot be investigated in terms
of chroﬁologiéal age matching with centrol groups. The majority of
.stuaies.have used. chronological age as their matching criterion and

have, ‘as in this. study, found many significant differences between non-_

retdrded and retarded groups. The system, as suggested by Kappauf (1973),

of using both comparison, functional and chronolegical age, control
groups in identifying the areas of difficulty (e.g., use of stimulus-

probability) experienced by these children has been supported by this

present study. T - o
. e o
Variability has been cited as a prcblem in many studies of

+
special populations. As a group the Down syndrome group was more -

. variable than both the mentally retarded and elementary school children;



]

the latter two groups were very similar. The high school boys showed

the least variability. The pattexn of variabiliky seen’in the present

study concurs in part (there was no Down syndrome comparison group) with
the studies-of Caffrey; Jones and Hinkle (1971) and Berkson and Bauméister

(1967) .

" The main finding was that Down syndrome boys did not res-

pond to direstional probability in thé same mannet* shown by the mentally
retarded or the non-retarded matches for chronological and/or functional
age. This difference in strategyfwas.alsp reflected in their greater

emphasis on accuracy rather than 'speed. Finally, these effects were
» -

consistent across the Down syndrome children despite the large inter-
: - . «

subject variability in their performance.



Chapter VI

Surmary . Conclusicons and Recommendations

Summary . - ) o e

The basic purpoée'of the present study was to assess the

-

motor control ability of mentallyfretarde@ (D:S. and'M.ﬁ.) children

within .a pgrsu%} tracking task ‘when compared to groups of intellectually
normal children matched for functional ‘and chronological age. The

NRC stressalyser was used to measure the psychomotor performaﬁce of
N . . L
2

the childrqn.

The hypotheses tested in this study were as follows:
1) There were no significant differences in the motor

" control parameters involved in a self-paced pursuit
: r

tracking task between Down-syndrdme and mentally
retarded children and intellectually normal children

matched for functional age and chronological age.

2) There were no~Significant differences in performance
in the motor control parameters between Down syndrome

children and cother mentally retarded children.

L total of forty-two male subjects were tested. Differences

-
and similarities were assessed in three separate analyses. The first
analysis consisted of -twenty subjects divided into four groups. One
group of five Down syndrome boys were matched with five mentally

o

o
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retarded bovs .of equal functional age and within 180 days of their
chronological age from the date of testing. The thixd group consisted
of five elementary échoo; males matéhed with the Down syndrome group | -

for fdhctional‘age.‘ The fourth group was five male high échoo; students

-

"+ matched with the Down syndxome males within 180 days of their

-

chronological age from thé-date of testing. -

~ The second analysis consisted of three groups of seven

-

.sﬁbjects each (N=21). The Down syndrome, the mentally.retarded and

elementary school males were matched for functional age only. An

additional reguirement for the elementary school children was that

-

they not be within three months ofjtheii birthday at the "date of testing.

This was to ensure that they were in the middle of their functional age. .
The third experimental analysis consisted of three groups of

eight subjects each {N=24). The Down syndrome, mentally retarded and -

high school boys were matched within 180 days oflthe chronological age

el

. of the Down svndrome match at the date of.tesfing; .

"All fortY7kwo~§ubjects performeé eight trials‘on the streés-
alyser in one 36 to 45 minute session. Each trial involved, 100 movements;
giving a total of 890-;ovebents.per subject.

Corclusions

- .

A summary of the main findings in relation to the hyp&theses

.are shown in Table 23. .
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Within the limitations of this study, the following

conclusions could be made with respect to performance across

test trials:

1.

.

- Practice resulted in an improvement in performance

in total response time for the Déwn syndrome, the

mentallf retarded and élementary schbol-éhildren.

All groups performed significantly different from

the first to the last quarter of the trials, i.e.,

slowed down.

Down syndrome do not seem to use probability

infor@ation for correct reaction time.

Mentally retarded children and elementary school .

children matched for functional age seem to perform

similarly.

' Down_syndreme children did not follow the predictions

of the Hick-Hyman law whereas mentally retarded
children did.

For movement time all groups conformed to the

expectations of Fitt's Law.

The Down's group showed a lower error and overshoot

rate than all other groups.

Matching groups for functional age provides a more

accurate representation of the retarded child's (D.S.
and M.R.) performance level than chronological age.

Down syndrome children clearly emphasize accuracy

rather than speea.



Recommendations

The review of literature indicated the diversity of research
related to exceptioﬁal ;hildreh. The primary thrust of current research
should.be involved with using homogeneogs gr;ups of retarded children
and using both functional and chronological age control grbup matches.

Some evidence has been presented that indicates that Down
syndrome éhildren may not use the same strategies as qther mentally
retarded children. Further reseat;h‘directed at the Down svndrome
group differences as opposed to mentally retarded group (D.S. & M.R.)
.differences may build.a clearer picture of the exceptional child's true
" performance levéi.

More specifically, the results of this study provide furt%er
support thatlDown syndrome children lack the necessary stratecies re-

quired to perform certain tasks. The teaching of strategies may further

improve their performance: Although this may mean further iscolation of

groups {i.e., D.S. vs M.R.) during teaching sessions, it may, in the long

run, help to close the gap between the two groups.

91
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: APPENDIX A )

LiXt of Subjects for Each
eparate Analysis .

~ |
N - |

) 3 ] !



ANALYSIS I

—

Subjects matched for functional
age and chronological age

DOWN SYNDROME

Jeffrey M.
Edwafd van RB.
Darren R.
Bagfy V.

Richard R.

ELEMENTARY SCHOOL

Thomas D.
Alistair H.
Colin H.
Wesley C.
Shawn C.

MENTALLY RETARDED

John N.
Wayne S.
Skender M.
John McL.
Vaughn B.

HIGH SCHOOL

Robert B.
Rob F.
Craig B.
Dave S.

Morey A.
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ANALYSIS II

i et e B e Nt T i a o Mo i b oef S B st

. ‘ . 10

- Subjects matched for
functional age only

DOWN SYNDROME

Mike g.

Paul Bu.

Alex D.

" Barry V.

Richaxd R.
Randy E. '

John S.

ELEMENTARY SCHECOL

Angeloe K.

" Thomas D.

Peter K.
Wesley C.
Shawn C.
Stephen T.

Brendan A.

MENTALLY RETARDED

John N.

Wayne S.

Jirmmy B.

John McL. .- .
Léuis A.

Skender M.

Harris D.

e e e e —————t—



" ANALYSIS III - - Subjects matched for

chronological age only

DOWN SYNDROME
Mike C.
Alex D.
Darren R.
Barry V.
Paul C.
Paul Eu.
John S.

Peter McM.

HIGH SCHOOL
Bill D.
Dave ﬁ.
Craig B.
Peter H.
Morey A.
Stuart D.
Kevin H.

Alec T.

MENTALLY RETARDED

John McR. .
Wayne S.
Harris D.
Piero v.‘
Vaughn.B.
Paul Br..
-Louis A.

Jimmy B.

101



ol

APPENDIX B

Distributions for Reaction Time Data
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MOTOR CONTROL IN DS AND MR ‘SUBJECWS MATCHED FCR FA AND CA. SPRING 1982.

FACTOR 1 GROUPS  ALL- & LEVELS

FAOTCR 2 - SUBJECTS ALL 5 LEVELS

FACTOR 3 - TRIALS . ALL 8 LEVELS

' REACTION TIMES FOR (RgRECT RESPONSES

MILLISECS N
1 200 15946, AR A KRR AR Kk kR .

201  4C0 5877. Mk e A dek kR ok W e ok ok ke ok ok Tk ok ok A Rk ke kA ok ok ok K R R
“401 &C0 35?3_ Tk ddek ek k ko gk kg ok Wk ok ok ek ok o ok ko
601 5§00 1118, ook ko ok Rk ok Rk '

- ZE01 1600 S02.  xwwRax .
1061 "1200 260,  xw» L,
1201 1400 156.  *
1401 1600 119. * ok
16001 1800 56. *
1801 20C0 32. *
2001 2260 - 26. *
2201 2400 18, *
2401 2600 15. =+
_26U1 2800 8. * *
2801 3000 10. *
30C1 32C0 5. *
3201 3400 2.  x ,
3401 3400 9.
3601 3800 7. *
3801 4000 1. x
LCCT 4200 4. *
4201 4400 2. %
L4071 4400 2. *
4601 LEQC 1. *
4&GT 5000 : 2. *
SGG1 5200 2. *
S2C1 S4C0 0.
5401 S6C0O 0.
5601 53500 1. *
S8C1 4000 1. *
60061 6207 0.
6201 6400 0.
6401 6600 0.
6601 6800 0.
68L1 7000 0.
7CCT 7200 0.
72071 7400 0.
74C1 7600 0.
7601 7E00. 1. *
78G1 8000 1. *
8001 UP 1. *
TOTAL 13407. MINIMUM - 1. STANDARD UGEVIATION 383.88
MISSING DATA 13. MAXIMUM G349, "SKEWNESS 5.84
EXCLUDED DATA . 0. . MEAN , 455. KURTOSIS 7E.94
HISTOGRAM SCALE 100

ERROR CRITERION 1M1
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MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOR FA AND CA  SPRING 1962

FACTOR 1 ° GROUPS
FACTOR 2  SUBJECTS
EACTOR 3 TRIALS

REACTION TIMES FOR

MILLISECS

51
101
151
201
251
301

351
41
451
S0
551
601

651

70T

751
am

€51

01
951
iCcCH
1051
1101
11%1
1201
© 1251
1301
1351
1401
1451
1501
1551
1601

100
150
200
250
300
350

< 400
450
500
550
00
650
700
750

200

£50

-2 00
950

1000

1050

1100

1150

1200

1250

13C0

1350

1400

1450

1500

1550

140

1650

TOTAL

MISSING DATA
EXCLUDED DATA

HISTOGRAN

SCALE

ALt © 4
ALL ‘S
ALL g

CORRECT

TN

287.
369,
651 .
1263.
1413.
1553.
1618.
1337.
1027.
714 .
495,
382,
314.
24L7.

175
168.
1322.

107.
95 .
78.
67 -
58.
57.
41.
L4 .
33,
38.
29.
39.
23.
28.
0.

12642.
13.
465. .
50

INCLUSTION CRITERIA
ERROR CRITERIOCN

LEVELS
LEVELS
LEVELS'

RESPONSES

. kR kR

% dc e %k ok k

FERETEEIE R L L & 2] N
**************t*t**tt**t*i

we ok e e g gk ke e ok ok ok e ok e ek ek kR ke ke

s e e gk s okt o ok ok e ok ok ok R e ke ok ok
****t****i***tt**********f***ti**
khkh kR ARk ko dorkhk ko k ok kk

T T YT EE X A AL LA & A A
I T 2.8

FEETET TSR

Ak k kA kR

LER S & & 84

* % vk Kk

‘*"k**

* % kR

* % %

* %k %

* %k

**

* &

® ¥

* * : 4
&

* % % * ¥ % R

MINIMUM 51. STANDARD DEVIATION 247.62
MAXIMUY 1567. SKEWNESS 1.75
ME AN 431. KURTOSIS 34.48

51 AND 1400
11

[ RS
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"MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOR FA 'SPRING 1982
FACTOR 1 GROUPS ALL 3 LEVELS
FACTOR 2 SUBJECTS ALL 7 LEVELS
3 LEVELS

FACTOR 3  TRIALS ALL

REACTION TIMES FOR CORRECT RESPONSES

MILLISECS . ‘ N
1 100 LS8 . d % e o gk Yok ok

101 200 LEBS . ‘S22 33X 2 3

2u1 200 1160. A o o ok e T ok e, o o o ok e e o R ok ok e

L350 L0 4111, **t*****t****i**t****************t********t****t**
L01 S00 3462 . ******tti****t***t******i**********t*i***ti*i;**t*
51 ACD 1825. N LI 22 S22 22 222 R A0S B Rl R by

&0 700 1104 . - wkxdkkkkkkrhrrkkk bk et

7C1 sl 5GH . Ak kxR RE AR AR If

&0 GCo 398. dek Kok ok ok kK \

901 1000 250,  kxxaw \

10C1 1100 174. *wkk g

1101 1200 142. *xx

1201 1300 EE&. *x

1301.1400 59. >k

1401 1500 48. * ok

15C1 1600 40, *

16C1 17C0 27. *

1701 1800 - T

1801 19C0 11. *

1901 2000 9. *

2001 2100 8. *

2101 22rQ 5. *

2201 2360 6. *

2301 24(0 3. *
24G1 25C0 4. *

2501 2600 6. *

26C1 27CO0 2. *

2701 2800 2. *

2801 29C0 3. *

291 3000 3. *

3c01 3100 2. *

3101 3200 2. *

3261 33C0 C.

3351 3400 3. *

36401 3500 1. *

35C1 34600 1. *

3001 37C0 1. *

3701 3&00 0.

38C1 39C0 0.

3017 40C0 1. *

4001 up 2. *

TOTAL 14537, MINIMUM 1. STANDARD DEVIATION 293.05
MISSING DATA 19. MAXIMUM 10293, SKEWNESS ) 5.29
EXCLUDED DATA 0. ME AN LEB. KURTOSIS 127.97

HISTOGRAN SCALE 590

ERROR CRITERION 11
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MOTOR CONTROL IN DS AND MR

FACTOR 1 "GRIUPS
FACTOR 2 SUBJECTS

FACTCR 3 TRI

ALS

ALL
ALL
ALL

3
7
8

REACTION TIMES FOR CORRECT

MILLISELS

51
161
151
201
251
301
351
4301
451
501
551
601
651
701

751

g

£51

CAN

$51
1001
1051
1101
1151
1201
1251
13C1
1351
1401
1451

1501

15951
1601

160
150
. 200
250
300
350
400
450
500
550
e00
€50
700
7S3
00
850
200
350
1000
1050
11C0
1150
12C0
1250
1300
1350
1400
1450
1500
1550
16C0
1650

TOTAL

MISSING

DATA

EXCLUDED DATA

HISTOGRAM

SCALE

N

2C8.
219.
266.
357.
8C03.
1753.
2358.
1975S.
1487.
108&3.
742,
62e.
482.
353.
243,
218.
180.
128.
122.
$5.
79.
70.
-T2,
42.
45,
29.
30.
38.
3C.
21.
19.
0.

14170
19.
367 .
50

INCLUSION CRITERIA
ERROR CRITERION

: o 106
SUBJECTS MATCHED FOR FA- . SPRING 1982

LEVELS.
LEVELS
LEVELS

RESPONSES

*kkEk - ) -
T '
ko w R

AR AR RA*K

e 2 2 22 L 2
*******i*********t***i**********t*i*
************************************************
************y*************************t*
B S T2 2L R R L 2 2 5 2

ST IE RIS A0SR AL L

Ak kkhdrkkkkhkihk

N 2 e b L]

W % dr %k e ko

* o ko Ax ok

Xk kkk

* ok Kk R

v n ok ok

& R

* % %

*k

w %

x*k

s %

-

W % % % % % %

MINIMUN 51, - STANDARD OEVIATION 227.470
MAXIMUM 1592. SKEWNESS 1.63
MEAN 481. KURTOSIS 67.18

51 AND 16CC
11
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MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOR CA : SPRING 1982
FACTOR 1 GROUPS ALL "~ 3 LEVELS .
FACTOR 2 SUBJECTS ALL ‘8 LEVELS -
FACTOR 3 - TRIALS . ALL .8 LEVELS
_ REACTION TIMES FOR CORRECT RESPONSES
< ’ .
MILLISECS N
b 1@0 . 646 . EEE 232X SR 3 2
141 2Co 1087 . 2223222223 2200 .
201 300 L2294 . *******}t**************t*******************t******
3C1 400 3237. R AR KT RN R R R R AR AR R AR RARR AR Tk r kA R AR AR AR R Rk kW%
L0 5C0O 2220. e 2 222222322 3222222 R AR LR SRR AR A R AR
S01 &G0 1352_ ********t**************i****
&C1 700 1001 . *****ii*i*****t;*****
701 800 690. Ak KRR ERE H kA Kk
g0t " 900 - 515 . ok v ok ok o ok e e
9C1 1000 356, hkkkkkdk
1001 11C0 277, *xxkk Kk
1101 1200 - 220.  *#xxx
1201 1300 147. >k
13097 1400 100.  **3
1401 15C0 98. * ok
1501 1600 .71, * %
1601 1700 59. * * ' .
1701 1800 51. *x
1801 1900 29. *
1601 2000 23. *
2001 2100 29. *
2101 22060 . 13. *
2201 2300 15. *
2301 2400 0. = l
26401 2500 10. *
25G1 24C0 13. *
2601 2700 1. *
27C1 2&C0 . *
2801 29C0 7. *
2601 30C0 4. *
30C1 3100 4. *
3101 3200 A * \‘—\
32C1 3300 1. *
3301 3400 3. *
3401 3500 6. *
3501 3600 5. *
3601 3700 2. *
3701 38C0 4. *
3E01 3900 1. o+
3901 4C00 1. # .
4GC1 UP 21.
<~
TOTAL 16644 . MINIMUM 1. STANDARD DEVIATION £15.91
. MISSING DATA 19. MAXIMUM 1(0283. SKEWNESS 5.70
EXCLUDED DATA 0. MEAN 480. KURTOSIS v £5.0&
HISTOGRAM SCALE 50

ERROR CRITERION 1



MOTOR CONTROL IN LS AND MR

FACTOR 1 GROUPS
FACTOR 2  SUBJECTS
FACTCR 3 TRIALS

MILL

51
101
151
201
251
301
351
401
451

501

551

601
651
701
751
301
851
ec1
951
10C1
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
15351
1601

REACTION TIMES FOR

ISECS

100
150
2co
250
300
350
400
450
500
550
600
650

700

750
&oa
850
9COo
950
10G0
1050
11060
1150
1200
1250
1300

1350~

1400
1450
1500
1550
16C0
1650

TOTAL

MISSING DATA

EXCLUCED
HISTOGRAM,

DATA
SCALE

ALL 3
ALL 8
ALL 8

CORRECT
N

312.
405.
682.
1973,
2321.
1767.
1470.
1199.
1021.
747.

605. -
546.
455.
385.
305.
271.
L 244
156.
170.
146.
131.
102.
118.
73
74.
56 .
53.
47.
51.
38.
33.
0.

1598&6.

16. .
658.
S0

INCLUSION CRITERIA
£RROR CRITERLON

‘ . | -108 |
SUBJECTS MATCHED FOR CA . SPRING 1982
LEVELS. |
LEVELS
LEVELS .

RESPONSES

ARRARR R ' -

vk ek ke k oWk ok

FhkkkwR kR RN
e T L R R e e e T 2

*****t********t***t****-**t‘lt*******i****'k****‘**_

Rk khkhkdkhk ARk dhhhkddrtkkkkkhdkhr
Ak kkhkh kR bR Ak A hhd A dr kR ® kkkd*
******tg***j*******;t**t

I TZEXTEIETTTTTSTR LR 2 2

2822222222222 X o ,%
&%k vk ok ok g ook o=

de o d ek g ke ok % ok

kxR EE LT AK N

Ak hkhkkkRR

ok xRk kok R - C e
*xhERk

* % Xk ok ok

* ko k

*k Ak

* % %

T kkk

* % ¥

*h*

* %

* *

o g

* N
*

* %

MINIMUM ' 51. STANDARD DEVIATION 274.38
MAXIMUM 1598. SKEWNESS 1.52
ME AN 4351, KURTOSIS ) 27.27

51 AND 1600
11

- S e e e e
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Distribution of Data for Non-Overshoot
Movement Time '
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MCTOR CONTROL IN DS AND MR SUBJECTS MATCHED ‘FOR. FA AND CA

FACTOR 1~ GROUPS
FACTOR 2  SUBJECTS
FACTOR 3 TRIALS

MOVEMENT TLMES FOR

MILLISECS

1 250
251 SCO
501 750
751 1000 .

- 1001 1250
1251 1500
18061 175C
1751 2000
2001 2250 °
2251 2sC0
2501 2750
2751 3000
3001 3250
3251 3500
3501 3750
3751 4000
4001 42590
4251 4500
4501 4750
4751 sSgQC
5001 5250
5251 5500
55L1 57580

. 5751 6000

60C1 6250
-~ 6251 65N0
65G1 6750
6751 7000
7001 7259
7251 7500
7501 7750
7751 2000
80C1 8250
3251 8500
§5C1 8750
8751 90CO
9001 $250 -
9251 9500
$501 9750
975110000
100C1 uP

| TOTAL
MISSING DATA
EXCLUDED DATA
HISTOGRAN SCALE

ALL & LEVELS.
ALL 5 LEVELS
ALL -8 LEVELS

RESPONSES wITHOUT OVERSHOOT

N

Q4. * %

T157. e 9 %t e v e v % v v o ok ok v e o v ok o e e o

1350. S T 222222 2 R0 B B B g
Bob4 . Mk Rk ke ko ko kR ok ‘
514. kR kR AR
343, kR ok kdk ok
‘213. * % ok ke ok
127 . * % ®

Q7. **
55.
39.
4.
30.
22.
13.
11,
5.
7.
4 .
6.
2.
1.
2.
2.
0.
4.
1.
a.
a.
1. *
1.
1.
0.
0-
0.
1. *
0.
0.
1. *

3. *

%ok ok b % % A % % N R % 4
»

* %

* %

110
SPRING 1982

1703 . S 1222 2 2 2 22 2 A A L 0 LA A M A

6682 . MINIMUM 128. STANDARD DEVIATICN 757.02

0.  MAXIMUM. 14357. SKEWNESS
0. MEAN . 1002. KURTOS1S
© 50

OVERSHOOT CRITERION 51

4,63
60.04



Hinihaint il s bbb LS

11 *
MOTOR CONTROL IN DS AND MR ‘SUBJECTS MATCHED FOR FA AND CA SPRING 1982

FACTOR 1 GROUPS ALL 4 'LEVELS

FACTOR 2  SUSBJECTS ALL S LEVELS

FACTOR. 3 TRIALS ALL R LEVELS

MOVEMENT TIMES FOR RESPONSES WITHOUT OVERSHGOT

MILLISECS "N °

1 125 C.
126 250 6.  x%
251 375 LT3, ek hrakkn
374 SQ0 A7E. dk ook ok ok kk ok ok ko ke
501 &7 5 E61. e w ok gk ok Rk Wk kR kR kR
beh 750 842, LA S EL S ERESE S ES D . ﬁﬁ
™51 87S 724 . ARk kwhkkhkhkwhkkkhh
E75 1000 &046 . % 9 vk ko ok ok ke ke ok ok
1001 1125 476,  rxrkrwaeaw
1126 1250 388. * ok ok ok ok ko
1251 1375 303, wwwxwaw
1376 1500 211. ok ok kk
1501 1625 172. * ko
1626 1750 171, *xkxx
1751 1875- 132, **x
1875 2ol E1.  *%
2001 2125 71. *
2126 2250 S6. *
2251 2375 5. * %
2376 2500 , 7. *
2501 2425 29. *
26256 275C 24 . *
2751 287% 22. *
2876 3000 17. *
TOTAL 6530. MINIMUM 128. "STANDARD DEVIATION 514,12
MISSING DATA . MAXIMUM 2998. SKEWNESS 1.25
EXCLUDED DATA . 152. & MEAN 927. KURTQSIS 36.31
HISTCGGRAM SCALE - 50
-}
INCLUSION CRITERIA 1 AND 3000
OQVERSHQOT CRITERION -

"
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MOTOR CONTROL IN DS AND. MR SUBJECTS MATCHED FOR FA SPRING 1982
FACTOR 1 GROUPS ALL 3 LEVELS
FACTOR 2 SUBJECTS = ALL 7 LEVELS
FACTOR 3 TRIALS ALL & LEVELS
MOVEMENT TIMES FOR RESPONSES WITHOUT OVERSHOOT
MILLISECS N.
1 300 119. LA
301 &00 1326 . LR S TR TR R R TR LS X R R X e
&01 o0 1951, dd kol A% R Yok ok e v ok sk o vk vk o ok ok ok de ok ok Rk ok Y ok ok o ok ke ok ok ok ok
U1 1200 1573. AT AR XA XA A AN R kAR AR R R A RAAR AR R
1201 1500 Q915 . R L R R g R XY 2 ]
1501 15800 537. ook ot ok sk ok %k YR
T8G1 2100 307. * ok ok ok
2151 2400 1&80. * ke
2401 2700 124 . * ok .
27381 3000 79. *x
3001 3300 65, *
3301 3500 52. * %
3601 3900 48,  *x
3601 420C 2. *
4201 4500 24 . *
4501 48CC 14 . *
48C1 5100 13. *
5101 5400 &, =
5401 5700 9. *
57C1 6000 5. *
6001 6300 , 3. =
6301 6600 1. *
6601 6900 2. *
69C1 7200 2. *
7201 7500 1. *
7501 7800 1. *
7601 8100 1. *
81C1 8400 0.
841 87CO0 0.
87C1 90C6 P
9001 300 0.
G301 96C0 1. *
60T 950G 0.
9o(1132C0 1. *
1020110500 0.
1050110400 0.
1080111100 0.
T110111400 0.
1140111700 0.
1170112000 0.
12001 Up 3. >
TOTAL 7395, MINIMUN 1¢1. STANDARD DEVIATION 874 .36
MISSING DATA o. MAXIMUM 21209. SKEWNESS 5.0¢9
EXCLUDED DATA 0. MEAN 1163, KURTOSIS 79.00
HISTOGRAM SCALE 50

/s
OVERSHOOT -CRITERION 51



MOTOR CONTROL IN DS AND. MR SUBJECTS MATCHED FOR FA

FACTOR 1 GRO
FACTOR 2  SUB
FACTOR 3  TRI

MOVEMENT TIMES FOR RESPONSES wITHOUT OVERSHOOT

UPs
JECTS
ALS

113 -

ALL 3 LEVELS
ALL 7 LEVELS
ALL & LEVELS

MILLISECS N
1 125 0. i | .
126 250 31, x»
251 375 307. vk de ko ok ok sk ok ok R ok
3764 5C0 537. g ok o e o ok e o ok o o ok o vk ok ok o ok o o ok
501 625 710. AR IR R R R R RS A R R R A R S R
&26 750 801. AR AR TN RE AR RAR AR AR AR AR TR wk kR wd bk okk
751 875 i385, MR kR ko ko ok ok ARk ok R ek ke ok ok e
8§76 10C0 T72. *tt*it***t**ta*g****t*t***********i****
1001.1125 &§39 . X 2221232232223 32333323228
1126 1250 530. %k g ok sk g gk o v ok ok ok ok e e e ok ok e e ok gk e ok
1251 1375 34, *******@*t**t**t**tt
1376 15C0 325 AAAE AT RAARAE XA R R A :
1501 1625 251. dkdkkkkhdk ko k
1626 1750 210. A AAR R AR T AR B
1751 1875 174 . FrXAXK RN R
. 18&76 20C0 120. "k k ko
2001 2125 103.  wxraxs
2126 2250 80. LR A
2251 2375 75. ko k
2376 2500 &2. %k k
2501 24625 49 . * k%
2626 2750 42. ** K
2751 2875 34 .  ~wn
2876 3LCO 27. x4 e
TOTAL 7111. MINIMUM 161, STANDARD DEVIATION
MISSING DATA 0. MAXIMUM 2985. SKEWNESS
EXCLUDED DATA 2ob . MEAN . 1041. KURTQSIS
HISTOGRAM SCALE 20
 INCLUSIONTCRITERIA 1 AND 2000

QVERSHOOT CRITEFRICN 51

SPRING 1982

*

533.38
1.11
47 .68
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MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED. FOR CA o SPRING 1982
FACTOR 1 GROUPS ALL 3 LEVELS
FACTOR 2  'SUBJECTS ALL E LEVELS
FACTOR 3 TRIALS ALL - 8 LEVELS
MOVEMENT TIMES FOR RESPONSES WITHOUT OVERSHOOT
MILLISECS N
21 150 1. * _
1&1 200 397. ok ko k okR
3T 45Q C1104 0 % %k % e vk ok ok o ok o % s e e ke ok
451 @Qg\\\‘$21@. d dr o et ak ook vk o ok o ok ke ok ok ok o ok R o
6C1 750 1143, Aok kR Rk AR AR AR Ak ok k R
791 90(C .220. ® % Wk ok ek o ok e kb ok
¢01 1050 . &620. L2222 2R 132 X ¥E -
1051 1200 LS5, AL EE LT
7201 1350 3647. * ok ok ko ke
S13%1 1500 303. LR AL LR
1501 1650 219. * ok kk ok
1651 1800 191. % %
1801 1$50 138. *hx
1951 21C0 116. * ko
2161 2250 &3, * %
2251 2400 70. * % .
2401 2550 &1. x*
2551 27CQ LB, *
2701 2850 45, * -
2851 3000 32. *
3001 3150 35. *
3151 3300 33. *
3301 3450 31. *
3451 3600 22 . *
3601 3750 2é. *
773751 3900 - 23. =
3801 4050 16. *
4051 42G0 12 . *
4201 4350 13. *
4351 45C0 S 10.. # &
4501 4650 Q. *
4651 4800 8. *
LELT 4950 10. *
4951 5100 2. *
51061 52540 4. L
5251 5400 5. *
5401 5550 7. *
5551 S7C0 4 . *
5701 S%s50 . 1. *
5851 6000 ' 4. b
4001 up 27 . *
TOTAL 7705. MINIMUM 125. STANDARD DEVIATION ©44.21
MISSING DATA 0. MAXIMUM 21209. SKEWNESS 5.25
EXCLUDED DATA 0.  MEAN 1024 . KURTOSIS 68.57
HISTOGRAM SCALE 50 '
OVERSHOOT CRITERION S 81

e et o e Femes
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MOTOR CONTROL IN DS. AND MR SUB{ECTS MATCHED FOR CA SPRINC 1682
FACTOR 1 ‘GROUPS ALL 3 'LEVELS
.FACTOR 2 SUBJECTS ALL 8 LEVELS
FACTOR 3. TRIALS ALL . 8 LEVELS
MOVEMENT TIMES ‘FOR RESPONSES WITHOUT CVERSHOOT
MILLISECS N
1 125 1. *,
126 250 200, * %k kk
251 375 HHG . s ok v ok ek ok ok ko ok ok
376 SO0 1032. Y LI 2 2222222222
s01 ) 9Q7 . Y2222 22 2 2 X2 X038
b26 750 QL2 . dd ok k ke Rk ko ok ok ko ok ok
751 875 707. Y 222112
876 10CO0 S46. IXE TSRS 5
1061 1125 413,  wEmwmwaax
112¢ 1250 377. A LA LR
1251 1375 249. Eh kAN
1376 15C0 247 . *kwH
1501 1625 185. * Rk K -
1626 1750 T4,  AEwa%
1751 1875 145. ko -
1876 20C0 92. *
2001 2125 96. ** e
2126 2250 65. *
2251 2375 62 . * ok
2376 25C0 S0.
2501 2625 42 * -
2626 2750 L2. *
2751 2875 34. *
2876 3000 26. *
* TOTAL 7403, MINIMUM 125. STANDARD DEVIATION S48_81
N MISSING DATA 0. MAXIMUM 2%ES. SKEWNESS 1.36
EXCLUDED DATA 302. ME AN B89. KURTOSIS 25.2¢
HISTOGRAM SCALE 50
INCLUSION CRITERIA 1 AND 3NGO ]

OVERSHOQT CRITERION 51
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APPENDIX D

Distribution of Data for
Overshoot Movement Time
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MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOR FA AND CA. SPRING 1982

FACTGR 1
FACTOR 2
FACTOR '3

MOVEMENT TIMES- FOFR

M
EX

GROUPS

suslecTs

TRIALS

MILLISECS

1 750

751 1500
1501 2250
2251
3601
3751
4501
5251
6001
€751
7501
251 9000
9061 9750
975110500
1050111250
1125112000
1200112750
1275113500
1350114250
1425115CC0
1500115758
15751165C0
1650117250
17251185C0
18GC118750
1875119500
1950120250
2025121000
2160121750
2175122500
2250123250
2325124000
24005124750
2475125500
2550126250
2625127000
2700127750

3750
45C0
5250
6CC0
6750
7500
8250

2775128500

28501292540

2925130000

TOTAL
ISSING DATA
CLUDED DATA

HISTOGRAM SGALE

{

i0co

ALL .
ALL

ALL

RESPONSES WITH OVERSHOOT

N

1990 ;

3824 .
1748,
TL9 .
330.
169.
117.
57.
36.
3.
20.
8.

Q.
0.
0.
0-
Q.
0.
1.

9114,
U.
0.

50

OVERSHOOT CRITERION

o o % % A 4+ % % %

117

4 LFVELS
S LEVELS
8 LEVELS

**t******.***'t******t*****t*t*t*****i**ti
**********,*************‘*****t*******************;t*

’ LEALA AL RS RS S 2R E T T X X R R g

W e vk vk or ok ke ok ok ok b
LB A& & & B

R TR

* ko

* *

*

*

®

MINIMUM
MAXIMUM
MEAN

208.
29979,
1564 .

STAMDARD DEVIATION 1364.43
SKEWNESS 4.95
KURTOSIS 59.29

51

= a3 Bl
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MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED EOR FA-AND CA SPRING 1982

FACTOR 1 GROUPS
FACTOR 2 SURJECTS
FACTOR 3 TRIALS

ALL &4 LEVELS"
ALL 5 LEVELS
ALL 8 LEVELS

MOVEMENT TIMES FOF RFSPONSES WwITH OVERSHOOT

MILLISECS N
17125 0. .
126 * 250 8. = : . E
251 375 141. * k% -
37¢ 500 400 * kR kN kA
SC1 . €25 6098, ERRRAE ok ok ok kRN
ocsd T7E0 rd g
751 275 762 . I EETTT TR EL SR R
876 1C00 719, T T L
101 1125 bEZ L Wk ko ko ko ko
1126 1250 657. B T T
1251 1375 527 . *kkkRI ok R kNN
1376 15C0 476 . ook % ok K Kok ek
1507 1625 3ES. kAR Rk kR
165 1750 327, o ok ok
1751 1875 341, ok kA ohA K
1876 20CC 291, kk Rk Rk ok
2001 2125 226. | xkxkx
2126 2250 178. * ok kk
2251 2375 175. * ok ok ok
2376 25C0 156. * x k%
25017 2425 117. *x %k
2626 2750 115. *x ok
2751 2875 6. * *
2876 3000 &7. * %
3CGCT 3125 69. * %
3126 3250 59, x>
3251 3375 7. *
3376 3500 39 *
3501 3625 L8 . *
3626 3750 43, *
3751 3&75 36. *
3876 40C0 26. *
4LT0T 4125 35. *
L1c6 4250 26. *
L4251 4375 19. * I
L4276 4500 °7. *
4501 4625 2. *
Lec6 4750 24 . *
4751 4875 19. *
L4F76 5000 18. *
TUTAL RBG2 . MINIMUM 20d. STAMDARD DEVIATION 873.96
MISSING DATA 0. MAXIMUHM L4993 . SKEWNESS 1.46
EXCLUDED DATA 222. ME AN 1417 . KURTOSIS 25.94
HISTCGRAM SCALE 50 :
INCLUSION CRITERIA 1 AND 5000
OVERSHOOT CRITERICGN 51
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‘MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOR. FA SPRING 1982
FACTOR 1  GROUPS: ALL 3 LEVELS
FACTOR 2  SUBJECTS  ALL 7 LEVELS - - .

FACTOR 3 TRIALS . ALL 8 LEVELS .

MOVEMENT TIMES FOP RESPONSES wITH OVERSHOOT

MILLISECS - NG

1 750 11402 X222 222332232222 2 2 2 2
751 15C0 LO?7. B e Y 2 R A I I I I Y
15b1 2250 2302 . *******i*****it************x*******************' .
2251 3000 gz2 . Yok dk ko e e e ok ok ok Ak '
3001 3750 . 3Fh . RYIITILE : C
3751 4SCO 199, * %k ok ‘ ' X
4501 S250 1. - xx )
5251 4000 S6.  x»
6061 6750 38. *
6751 7500 21. *
7501 8250 18. *
g251 $0C0 s b. *
001 9750 - g * -
975110500 8. *
1050111250 1. *
1125112000 4. *
1206112750 3. *
1275113500 1. *
1350114250 2. *
14251150C0 0.
1500115753 o.
15751165CG0 2. *
1650117250 0..
1725118C00 - 0.
18CC118750 0.
1875119500« 0. /
195C120250 1. *
2025121000 0.
2100121750 0.
21751225CGC 1. *
2250123250 - 0.
2325124000 O.
2400124750 0.
2475125500 1. *
2550126250 1. *
26251270C0 1. *
2700127750 0.
2775128500 0.
2850129250 0.
2925130000 2. *
TOTAL 9299. MINIMUM . 251. STANDARD DEVIATION 1346.65
MISSING DATA 0. MAXIMUNM 29979. SKEWNESS 6.62
EXCLUDED DATA 1. ME AN 1688. KURTOSI1S 103.1¢6
HISTOGRAM SCALE 50

OVERSHOOT CRITERION 51
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“MOTOR CONTROL IN DS AND MR SHUEJECTS MATCHED FOR FA ) SPRING 198¢
FACTOR 1 GROUPS ALL 3 LEVELS
FACTOR‘Z _SUBJECTS ALL 7 LEVELS
FACTOR 3 TRIALS ALL 8 LEVELS
movemsNT/?Thgs FOR RESPONSES- WITH OVERSHOOT
. 71 . .
N
0.
0.
75\ L2. 0 O wmEw
1 376 sro 128, 2%k %% d ok ek ok
—~ 501 4625 T 383, e Y2 L 22 E 2 2 2
6cb 750 547 . ******t****t***ti****t*}**tt
751 875 624 . ***********************t*trti***
74 1000 722 - kAR ARFRARAREEARA X AR ATk khew kK
10501 115 719 . **********f****t*******************t
116 1250 ‘ rdUR e 1 e s 2 s T L 2 2 L LA R A L L AR A A
1251 1375 673 . T 2 22222 2 E R 2 R S 2 23 2 A A A by
1374 1500 . 579 . R T T IR E T L R L L R R
1501 1625 537. P S
1626 1750 479 . Akl k kRt A Ak kAR TR R A A RN
'1751 1875 : 414 . -*******t***§***t*£***
1876 2000 v 343, e L T2 2 22 2R R R
2001 2125 26¢ . A I RARAR KA H R KT K &
2126 2250 237 . Kk xk kok Aok kdokk
2251 2375 215 . d d deKk dedk dk ok ok k
5376 2500  162.  rremaxaws
2501 2525 167, *kKKh I hEx
2626 2750 130. *ok ok kK Kk
2751 2875 113, xkxkxx
2876 3000 1C05. * ok KKk
INg1 3125 £7. *k KKKk
3126 3250 &7.  wwax
3251 3375 7. *k kA
3376 3500 40. *n
3501 3425 59. * %k
3626 3750 L. * ok ok
3751 3875 47. *hk
3574 4000 30. * %
LCT 4125 46. * %k x
4126 4250 26. * *
L2751 4375 20. *
4376 4500 30. * %
4501 4625 16. *
4626 4750 15. T
4751 4875 16. *
4876 SCO0O 12. *
TGTAL g0%6. MINIMUNM 251. STANDARD DEVIATION 836.37
MISSING DATA 0. MAXIMUM 4970. SKEWNESS 1.32
EXCLUDED DATA 204 . MEAN 1556. KURTOSIS 40 .81
-HISTOGRAM SCALE 20
INCLUSION CRITERIA .1 AND S00C

OVERSHOOT CRITERICN S1
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MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED fOR CA ' SPRING 1982 .
FACTOR 1 _ GROUPS ALL 3 LEVELS
FACTOR 2 77 SUBJECTS ALL .8 LEVELS
FACTOR 3 TRIALS

MOVEMENT TIMES FOR

MILLISECS

1 750
751 15C0

© 1501 2250

g
EX
BIST

2251 3000
3031 3750
3751 4500
4501 5250
5251 6000
60C1 6753

6751 7500

7501 8250
8251 9000

9001 9750

97511GSC0
1050111250

1125112000

1200112750
1275113500
1350114250
142511500

1500115750

1575116500
1650117250

1725118000 .
1800118750

1875119500
1950126250
20251210CQ0
2100121750
2175122500
2250123250
2325124000
2400124750
2475125500
25501726250
26251270C0
2700127750

2775128500 .

2850129250
2925130000

TOTAL
ISSING DATA
CLUDED DATA
OGRAM SCALE

ALL 8 LEVELS

RESPONSES WITH OVERSHOOT

< 3423,

L4697 .,
1737.
73S5.
347.
T1R8.
. 96,
52.
38.
22.
22.
12.
5.
>
1.
A
3.
2.
4.
0.
0.
1.
0.
0.
0.
0.
0.
1.
0.
1.
0.
0.
0.
Ta
1.
1.
0.
0.
0.
1.

11191.

0....

1.
50

OVERSHOOT CRITERION

T T T T T T
AN AR kR ARk R AR AR A AN AR R AR AR A A RAXRRRRE RN R RE
Wk dde s dk kv g o e ok gk ok ok e ok ok e ok ok ok ok ok

hk ko Ak kAR

*r Rk TRE

>k ok k

* &

*

*
i

* % * * % 4 * * ¥ ¥

s

*

CMINIMUM 179, STANDARD DEVIATION 127&.73
MAXIMUNM 29411. SKEWNESS ¢.05
MF AN 1384. KURTOSIS 26.7C

51
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MOTOR CONTROt IN DS.'AND MR SUBJECTS MAT{HED FOR Cﬁ ) T SPRING 1982
FACTOR 1 GROUPS - LALL 3 LEVELS .
FACTOR 2 SUBJECTS - ALL 8 LEVELS
FACTOR 3 TRIALS ALL 8 LEVELS
MOVEMENT TIMES FOR RESPON§ES WITH OVERSHOOT
MILLISECS N
1 125 a.-
126 250 . %
251 375 258. T2 RREA AR
376 5C0 - -701. 'Y 1222220322222 322 R4t b i 2
501 &25 - 1229« ST g SR R 2 3 S 23 A L E X 1
6b 750 1226. . **t***g*****t*t***:t**t******t*t******étt
781 575 1082 . .*;*ii**i**ia*tt****************it****
876 1000 Q70 Y L 122 R TS E LR LS 2
1001 1125 Te1 . YT e 21322222222 2 2 2 2 0% b A
1126 1250 - GEAH.  rrkkkkAnAk kAR RAAAATRR,
1251 1375 525 . I YST128222 222 23 22 2
1376 1500 437. AERRAREER AR R RA
15C1 1625 - 407 . Y2232 2322 8 &4
1626 1750 350. % % o de g ok vk ke
1751 1875 L 317, krmkxkaRARw
1876 2000 266._ AX KA AAXEK
2CCT 2125 - 222.  kxxkkxxx
2126 2250 C17S. hkkAxKh
2251 2375 176. rk KR XK
2376 25C0 . 143, *kkxKh
2501 2625 119. & k K
2626 2750 - 115. *ox ek
2751 2875 94 *k Kk
- 2876 3C00 &8 . >
3001 3125 0.  rxx
3126 3250 - 65. * ¥k
3251 3375 0. ~ xxx .
3376 35060 44 . * -
3501 3625 A !
3626 3750 LT.  *% .
3751 3875 51. *k
3876 4000 24 . *
40C1 4125 41. * *
4126 4250 27. *
4251 4375 B *
4376 4500 27. *
4501 4625 14 . *
L4626 4750 27. *
4751 4875 21. *
4876 5000 8. *
TOTAL 10991. MINIMUM : 179. STANDARD DEVIATION 844 .03
MISSING DATA S 0. MAXIMUM L4964 ., SKEWNESS T.65
EXCLUDED DATA 201. ME AN 1272. KURTOQSIS 21.32
HISTOGRAM SCALE 30 ‘
INCLUSION CRITERIA 1 AND 5000

OVERSHOOT CRITERION 51
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Table of Means for Overshoot and Non-Overshoot
Movement Time
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' . ' ' . 14:42:10 25-AUG-82
MOTOR CONTROL -IN D'S. AND MR SUBJECTS MATCHED FOR FA AND CA SPRING 1982

J@Ensaobr MOVEMENT TIERE SCORE
(OVERSHOOT CRITERION = 51).

FACTOR 1 DISTANCE ALL & LEVELS , ‘
FACTOR 2 GRGUPS ALL & LEVELS
FACTOR 4 TRIALS  ALL 8 LEVELS

SCORES AVERAGED FOR FOLLOWING FACTCRS
FACTOR 3. SUBJECTS ALL S LEVELS

~

DISTANCE 1

GROUPS ' TRIALS ) '
: . 12 3 4 5 ° & 7 8
1 1702. 1433, 1438. 1376. 1368. 1431. 1633. 1620.
247.1 133.6 157.6 170.5 174.7 232.0 223.8 308.4
S 5 5 5 S 5 5 5
2 1555. 1307. 1310. 1341. 1271. 1332. 1191. 1291. r'“)
15C.9 112.9 9&.0 TGEfﬁ 104.5 77.5 98.5 85.4 '
5 5 5 8 5 5 4 4
3 1450. 1352. 1353. 1356. 1255. 1325. 1275. 11&0.
244 .1 168.9 162.3 145.7 147.6 145.7 115.4 75.9
5 .5 5 5 5 ‘s 5 5
4 689. 691. 653. 702. 675. 641.. 667. 690.
52.0 71.8 44.5 S3.6 51.2 35.4 40.1 29.C
S 5 5 5 5 S 5 5
DISTANCE 2 .
GROUPS TRIALS
1 2 3 4 5 & 7 8
1 1939, 1861. 1675. 1745. 1762. 1762. 1991. 2029.
255.5 246.5 199.4 164.8 233.5 179.4 349.6 439.0
5 .5 5 5 5 5 5 5
2 2008. 1548. 1582. 1575. 1672. 1567. 1476. 1671.
1424 115.% 101.9 120.9 207.2 &6.6 107.8 160.1
5 5 5 5 5 5 4 4
3 1847. 1558. 1538. 1410. 1634. 1476. 1523. 1499.
276.5 202.2 188.1 133.7 161.7 233.5 142.1 1&0.0
5 5 5 5 5 5 S 5
4 811. 796. B8C3. &21. @8&40. 824. 835. 763.
75.4 91.C 72.0 55.6 S0.1 82.3 65.7 40.6

5 5 5 5 5 5 5, 5

DISTANCE 3



L I
Cram cm t ey m— . —

Lt e e n e e e by

GROUPS TRIALS . ' :
R 2 3 4 5 6 7 8
1 2657. 1984. 2186. 2063. 1805. 1867. 2151. 2139.
264.4 188.7 138.0 310.8 229.4 184.2 293.3 456.4
5 . s S . 4 S 5 5 5
2 2525. 2315. 1953. 1867. 1719. 1943. 2083. 1718.
306.3 206.4 187.3 168.7 137.4 101.3 173.3  77.5

5 5 s s 5 5 4 4

189671985, 18C1. 1677. 1605. 1784. 1689. 1462.
308.8 263.9 241.3 183.1 117.1 241.1 264.1 212.5

o

S 5 S S g S 5 5
4 999, 8g2. 990. 956. 1028. . 925. 982 g29.
: 83.2 79.9 48.5 94.0 £3.9 89.3 985.6 101.5
-5 5 .5 5 . 5 g 5 5 -
DISTANCE &
GROUPS TRIALS
1 2 3 4 5 & <« 7 g
1 2762. 2822. 2547. 2139. 2438. 1849. 2023. 2462.
352.3 300.6 28£.9 258.2 266.1 129.8 335.3 547.0
5 S 4 4 5 5 5 5
2 2847. 2381. 2223. 2397. 180&8. 1835. 2450. 1980.
344 .8 219.5 244.9 269.7 172.8 187.7 107.7 234.0
5 5 S S 5 5 4 3

202¢. 1938. 1854. 2107. 1483. 1656. 1895. 1754,
311.0 245.5 312.8 247.2 173.1 171.5 280.06 251.6
5 5 5 5 5 5 5 5

w

4 1102. 1011, 1148. 1112. 1045, 1112. 975. 1123.
102.0 86.4 125.3 115.5 E7.9 56.3 90.6&6 127.64
5 5 - 5§ 5 5 5 5 5
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. e 14:50:26  25-AUG-82
_»OTOUR CONTROL IN DS AND MR SUBJECTS MATCHED FOR FA ' SPRING 1982
CVERSHOOT MOVEMENT TIME SCORE
(OVERSHOOT CRITERION = 51)
"FACTOR 1 DISTANCE ALL & LEVELS
FACTOR 2 GROUPS ALL 3 LEVELS
FACTCOR 4 TRIALS ALL 3 LEVELS
SCORES AVERAGED FOR FOLLCGWING FACTORS
JFACTOR 3 SURJECTS ALL 7 LEVELS
DISTANCE 1
CGROUPS . TRIALS
1 2 3 4 5 6 7 8
1 1615. 1690. 1640. 1708. 1725. 1472. 1597. 1409.
165.8 269.1 247.8 322.1 284.3 247.7 240.7 180.4
6 7 7 7 7 7 7 7 .
2 1513 . 1252. 1284. 1238. 1258. 1305. 1154. 1257. -
157.5 90.8 88.3 116.6 94.4 81.8 95.5 126.4
7 7 7 7 7 7 7 7

wl

©1275. 1221. 1234. 1250. 1164. 10%7. 1155. 1101,
94.1 ©98&.7 110.8 112.¢ 111.8 163.0 92.9 47.6

7 7 T 7 7 7 7 7
DISTANCE 2
GROUPS TRIALS .
1 2 3 4 5 6 7 8
1 2046. 1792. 1956. 1854. 1951. 1919. 1714. 1649.
172.2 238.6 284.9 195.8 276.5 341.1 195.6 211.1
) 7 - 7 7 7 7 7 7
2 1856. 1611. 1525. 1543, 1696. 1579. 1456. 1565.
144.6 129.0 112.0 113.6 140.2 104.5 119.2 111.1
7 7 7 7 7 7 7 7
3 1553. 1497. 1429. 1388. 1357. 1291. 1381. 1354.
109.6 123.2 129.7 93.1 129.6 170.3 103.3 145.6
7 7 7 2. 7 7 7 7
DISTANCE 3 ‘ ' . |
GROUPS TRIALS .
- 1 2 3 4 5 6 7 8
1 5150, 1987. 2319. 1944. 2139. 2007. 2025. 1983.

170.5 159.1 221.1 213.6 211.3 207.9 263.0 2&2.2
6 . 7 7 6 7 7 7 7
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“CSTEIP 19573 161.7 177.4 186.4 130.2 176.3  95.2

7 7 7 77 7 7 7
3 1864 . 1688. 1455. 1540. 1445. 1612. 1551. 1409.
340.8 134.3 113.4 117.5 90.7 138.7 186.5 155.9
7 7 7 7 7 "7 7 7
DISTANCE 4
-G_ROUPS . " TRIALS : N
" 1 2 3 4 5 6 7 8
1 2682. 2145. 2136. 2217. 2629. 2246. 1994. 2242.
- 557.2 214.1 159.8 238.2 436.9 423.3 219.6 442.8
5 & & . 6 6 7 7 7

2077. 2150. 1998. 1952. 2251. 2159.
192.3 214.8 A0.5 109.5 201.5 375.1
7 7 7 77 6

2318.

2 2732,
) 181.

293

7

2010. 1892. 19C1. 1749. 1506. 1748. 1708. 1756.
242.4 166.2 225.3 98.4 113.5 101.4° 215.1 184.2
6 7 7 7 7 7 7 7

o

i
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. . ‘ © 14:53:58 25-AUG-82
¥OTOR CONTROL IN DS AND -MP SUBJECTS MATCHED FOR CA SPRING 1982
GVERSHOOT MOVEMENT TIME SCORE -
(OVERSHOOT CRITERION = 51)
FACTOR 1 DISTANCE ALL & LEVELS
FACTOR 2 GROUPS  ALL 3 LEVELS
FACTOR &4  TRIALS  ALL & LEVELS ‘
SCORES AVERAGED FOR FOLLOWING FACTORS
FACTOR 3- SUBJECTS ALL & LEVELS
DISTANCE 1
CROUPS TRIALS |
1 2 3 4 S 6 7 8
7 - 1763 . 1660. 1681. 1697. 1749. 1558. 1579. 1405.
159.6 235.4 202.8 280.0 237.1 231.0 226.S 170.8
7 8 8 8 8 g 8 8
2 13646, 1144. 1130.-1C84. 1193. 1155. 1042. 1109.
106.7 93.4 £9.4 78.5 112.8 ©1.3 105.0 137.6
s~ 8 4 g 3 & 7 " 7
3 689.. 693. 646. 616. 612. 635. 621. 605.
34.8 36.9 33.8 19.3 25.3 29.0 21.4 19.2
£ g 8- 8 8 8 8 &
DISTANCE 2
GROUFS TRIALS ,
1 2 3 4 5 6 "7 8
1. 2146. 1878. 2016. 1€31. 2035. 1917. 1793. 1714.
T142.9 212.5 238.3 207.5 228.5 306.6 167.6 178.5
7 g - 8 8- 8 8 & 8
2 1661. 14S7. 1357. 1317. 1399. 1444. 1347. 1387.
127.2 139.4 114.5 107.9 107.8 68.9 142.0 138.7
& 8 g 8 g 8 7 7
3 209, 732. 722. 727. 779. 698. 728. 692.
L6.8 30.6 26.4 27.1 40.6 34.8 27.3 18.2
b & 2 g 8 8 g 8
BISTANCE 3
 GROUPS _ TRIALS . _
, 1 2 3 4 S 6 7 8
-] .
1 2334 . 200S. 2262. 1974. 2231. 1968. 2156. 1996.

160.2 140.3 228.6 234.7 192.2 2068.9 195.0 232.1

7 8 -8 7 & 8

8

g



-

20704 16606 121.9 183.1 201.4 156.9 216.2 134.2

5 g g 5 & 8 7 7.
3 © 973. 8&39. B89S. &s8. 922. £50. 8&00. 856. -
' 48.2 43.5 47.7 47.7 S7.2 44.3 41.9 -35.6
8 8 8 g R 8 g .8
DISTANCE &
GROUPS TRIALS
1 2 3 4 5 6 7 g
1 2435. 2174. 2194. 2239. 2651. 2173. 2021. 2354.
167.8 245.7 247.8 226.0 328.6 370.0 185.3 346.7
A 7 7 7 & & g .8
2 2691. 1960. 1701. 16%4. 1875. 1754. 2033. 1999.
280.1 172.7 115.0.157.1 165.2 133.2 224.4 600.1
5 8 & § 8 8 7 6 -

1064, 1017. 9&6. 1070, 1029. 979. 100C. 926.
2.8 74.0 39.8 58.2 8D.6 4&4.8 T72.4 42.°9
< 8 & g 5 8 s 8

w

~——a
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| | ‘ 14:46:01 25-AUG=82
MOTOR CONTROL IN DS AND MR  SUBJECTS MATCHED FOR FA AND CA SPRING 1982

NON~QOVERSHOOT MOVEMENT TIME SCORE
(OVERSHOOT CRITERION = 51)

FACTOR 1 DISTANCE ALL

4 LEVELS.
FACTOR 2 GROMPS ALL &4 LEVELS

FACTOR 4 TRIALS . ALL LEVELS

SCORES AVEFAGED FOR FOLLOWING FACTORS
FACTOR 3 SUBJECTS ALL 5 LEVELS.

Al

DISTANCE 1

GROUPS TRIALS :

1 2 3 4 5 6 7 .8

1 Q%4 ., &93I.. ¢77. 763. 832. 796. 912. &35,
152.3 137.9 " €1.0 91.7 126.9 105.3 135.2 131.4

5 5 . % 5 5 5 - 5 'S

2 - °Q7. 787. 673. 683, 643. 745. 779. 881.
' ' 120.2 68.6 65.3 45.4 64.2 27.9 -42.0 125.1

Ts 5 S 5 5 5 4 4

3 751. 726. 7C9. 591. 725. . 688. -699. 644,
85.1 51.3 &4.8 SS.4 . B4.4 58.8 64.3 37.2

5 5 5 5 5 S 5 4

A L1S. 4G1. &12. 428. 429. 40Q0. 428. 441,
S1.8 47.2 35.7 24.2 13.6 27.9 27.7 - 38.6é

5 5 S S 5 5 5 5

& -

.

DISTANCE b4

GROUPS TRIALS : f\\\

1 2 3 A 5 6 7 g
1 1302. 1035. 103C. 1099. 1259. 1108. 1217. 1222.
146.3 181.8 90.0 98.S 163.5 143.4 177.7 144.7
5. S S 5 5 ) g 5
2 1225 1224, 992. 1108. 969. §£94. 1069. 1059.
195.0 129.6 1CS.1 “88.9 56.0 "75.0 169.2 135.9
5 5 .5 5 5 S 4 4
3 1503. 10L8. B897. .&41. B878. 846. B880. 878.
16%.0 108.7 133.6  56.0 72.4 54.54 B89.4 147.5
g 5. 5 S 5 5 5 5
ﬂ/ -
& ) 52%. S567. S525. 582. S41. S561. 521. 547.

63.5 80.9 37.9 61.3 44.2 45.9 53.8 64.5
5 5 5 5 5 S 5. 5



GROUPS © 7T T TRIALS

1 2 3 & s 6 -7 &
1. - 1551. 1502. 1362. 1309. 1524. 1596. 1451.  1485.
63.4 175.5 84.8 9E.1 174.2 197.1 152.9 230.9
5 5 s s 5 5. 5 5
2  1724. 1563. 1214. 1537. 1308. 1252. 1279. 1316.
146.9 212.7 163.4 202.3 77.4 98.4 142.1 14424
S 5 S 5 5 'S 4 4
'3  1267. 1120. 1124. 1162. 1019. 968. 9&42. 862.
52%.3 159.2 180.5 333.6 99.9 91.5 112.1 117.9
s s s 5 " 5 5 5 5
4 642. 704. 636. £95. 711. 615. 674. 485.
71.9 86.4 L7.8 £0.2 50.8 55.8 65.8 62.1
5 5 3 5 5 5 5 5
DISTANCE & °
CROUPS ' | TRIALS |
12 3 4 5 6 7 s
1 1747. 1567. 156%. 1524. 1225. 1711. 1611. 1761.
- 168.1 126.5 132.9 155.7 128.58 199.5 223.5 283.3
L 5 R . 4
2 1915, 1927. 1320. 1678. 1471. 1306. 1473. 1740.
50%.7 174.4 2G5.8 169.9 125.9 116.3 70.C 184.7
5 5 5 5 5 5 4 4
3 1363. 1310. 1120. 1274. 1122. 1064. 1044. 1064.
203.4 185.7 2C7.7 113.2 176.9 105.3 269.8 134.0
5 4 s 3 4 5 5 5
6 766. 737. 731. ®33. 790. &01. 709. 812.

82.7 80.2 78.3 11S.4 664.2 86.2 63.7 85.2
s 5 5 5 5 .S 5 5



MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOR FA

NON-OVERSHOOT MOVEMENT TIME SCORE
(OVERSHOOT CRITERION = 51)

FACTOR 1 DISTANCE ALL 4 LEVELS
FACTOR 2 GROUPS ALL 3. LEVELS
EACTOR 4 TRIALS  ALL &

LEVELS

SCORES AVERAGED FOR FOLLOWING FACTORS
FACTCR 3 SURJECTS ALL 7 LEVELS

CISTANCE 1

43.2 39.5 55.2 62.4 4A0.7 34.5 40.0 41.2
> -

7 7. -7 7 7 7

DISTANCE 2

GROUPS . TRIALS

16:48:47

7

132

25-AUG-82
"SPRING 1982

" GROUPS - TRIALS
1 2 3 4 5 6 7 5
1 905. 942. 868. 641. B853. 390. 889. 732. _
: 130.5 147.2 136.7 161.§ 128.2 140.5 110.2 100.8
O A S A 7 7 7
2 g62. 753. 672. 673. 688. 689. 691. 769.
S2.4 S4.2 S51.6 46.9 80.4 S1.3 64.1 101.5
7 77 7 7 7 7 7
3 748. 729. 685. &69. 708. 671. 658. 669.

8
_ ’ | |
1 1170. 1269. 1164. 1183. 1206. 1164. 1134, 1815,
77.5 137.% 173.5 211.2 156.1 199.3 148.5 101.1 .
5 7 7 7 7 7 7 7
2 1159. 1160. ©58. 1044. 1001. 979. 1063. 985.
121.0 166.5 78.1 91.0 72.3 88.8 133.6 ~92.5
7 7 .7 7 -7 7 7 7
3 912. 975. &%2. ¢&76. &67. £31. B4b6. B16.
65.0 71.9 75.5 53.1 4&.3 38.8 66.3 107.5
? 7 7 7 7 7 7 7
DISTANCE 3
GROUPS ~  TRIALS :
. 1 2 3 4 5 6 7 g
L1 16%6. 1539. 1455. 1355. 1491. 1497. 1368. 1222.

84 .6 196.2 150.8 133.3 172.9 162.7 170.5 174.4

- 6 7 7 7 7.7 7

7



151.1 175.3 139.8 160.1 89.0 108.8 93.7 107.5

7 7 e 7 7 7. 7
3 1156. 1096. 1092. 988. 1038. §77. ©938. 1007. .
117.4 108.4 $9.6. 109.9 &2.4 73.5 &7.7 67.2
7 7 7 7 7 7 7
DISTANCE 4
" GROUPS | TRIALS . |
1 2 3 4 s 6 7 8
1 1682. 17752 1744. 1o44. 1583. 1588. 1513. 1385.
165.3  ?8.0 141.9 172.3 200.7 186.3 163.1 177.6.
& 77 ¢ 7 7 7 6
2 1827. 1827. 1317. 1£38. 14G6. 1357, 1404. 1533.
| 156.4 159.4 156.3 147.0 110.3 159.0 102.1 157.¢
7 7 7 7 7 7 7 7

126l . 17168, 10e0. 1297. 1134, 1055, 11466. 1038,
142.1 106.5 1C08.&8 E8.0 ©99.9 E9.0 172.4 75.4
7 & 7 b 7 T 7 7

T
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14:52:30 25-AUG-827

MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOR CA SPRING .1982
 NON-OVERSHOOT MOVEMENT TIME SCORF
(OVERSHOOT CRITERION = 51)
EACTOR 1 DISTANCE ALL & LEVELS
FACTOR 2 GROUPS  ALL 3 LEVELS
FACTOR & TRIALS ALL S LEVELS
SCORES AVERAGED FOR FOLLCWING FACTORS
FACTOR 3 SUBJECTS ALL & LEVELS
DISTANCE 1
GROUPS " TRIALS - :
| S 2 4 5 6 7 & .
1 972. ©72. 837. 840. B897. 869. 893. 789.
134.7 133.6 124.8 147.7 116.6 144.1 107.8 - 79.7 )
7 8 8 & 8 s 8 8
A 798. 651. 622. 658. 676. 636. 636. 704,
| €1.2 47.5 49.0 46.7 71.1 58.2 .73.1 116.9
5. g g 8 s .8 17 7
3 593. 347. 345. 371. 3¢2. 383. 364. 397.
27.2 T12.4 34.7 3L.3 23.3 16.9 19.7 15.0
3 8 8 8 R 8 8 8
CISTANCE 2
GROUPS TRIALS
1 2 3 4 5 6 7 8
1 1180. 1084. 1094. 1165. 1247. 1153. 1177. 1008.
90.3 169.2 161.9 192.8 133.1 196.1 129.7 122.4
7 e 8 8 8 8 5 8
2 1115. 951. GG4. ©33. 921. S26. 971. 955.
129.5 10£6.5 89.4 B86.85 81.5 93.7 163.5 110.0
3 8 8 8 8 8 7 7
3 L97. 445. L76. 502. 497. 4E1. 472. 474..
43.5 36.6 29.6 33.5 22.2 29.3 15.3 16.8
7 s s KR b & 8 & 8 ‘
DISTANCE 3
GROUPS . TRIALS 2
1 2 3 & - 5 6 7 1 8
. : |
1 1566. 1500. 1382. 1292. 1492. 1441. 1312. N313.

120.1 205.4 147.0 126.2 183.2 157.4 174.4 172.9
7 8 8 8 8 8 8 8 ‘



145.9 121.8 126.8 151.7 103.3 117.0 123.0 150.1

8 g 8 8 . 8 8 7 7
3  403. S83. 525. 605. 555. 563. 572. 582.
51.3 43.6 37.3 42.5 51.6 35.7 27.0 32.3
7 7 8 7 . 8 8 g & 8 -
"DISTANCE 4 4
GROUPS TRIALS
C 2 3 4 5. & 7 8
1 1610. 15%R. 1557. 1338. 1380. 1503. 1442. 1496.
292 1580 168.8 249.7 226.6 227.4 198.7 189.1
6 8 6 8 g 77
2 15695, 1560. 1302. 1¢41. 1392. 1310. 1245. 1366.
166.5 195.0 142.9 186.3 112.2 147.2 138.& 179.9
5 3 8 8 g8 & 7 7
3 712.7Q 660. 638. 700. 661. 588. 633.

6.
54.2 49.3 71.0 55.7 40.0 32.0 -27.3 47.2
7 7 7., 8 7 8 8 8
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Raw Data for Error Rate
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Raw Data for Error Rate
Group Subject ’
Numbexr Score
Functional ang Functioconal Chronological
Chronological Age Match Age Match Cnly
Age Analvsis Only Analysis
' Analysis
D.S. 1 17.7 65.84 45.90
2 115.74 71.04 32.76
3 125.64 43.52 125.64
4 £67.98 94.08 . 67.98
5 125.10 189.20 " 44.88
& - 89.04 42.78
7 - 33.81 20.920
8 - - 20.76
M.R. 1 53.64 70.64 - 74.10
2 £8.02. 11%.04 88.02
3 96.06 S 127.12 83.82
4 74.10 92.96 £3.90
5 84.06 78.72 84.06
) 6 - 127.84 79.02
7 - 1li3.68 52.86
8 - - 88.02
E.S. 1 105.72 82.96
2 136.56 135.36
3 72.90 100.88
4 65.76 ~90.88
5 65.04 91.04
6 - 126.16
7 - 171.84
8 - -
H.S. 1 94.68 99.96
2 96.90 94 .92
3 81.%6 8l.96
4 98.64 85.86
5 52.68 52.68
6 - 57.66
7 s - 70.26
8 : - 49.86
85.94 100.74 67.02

Means
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Raw- Data for Overshoot Rate
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Raw Data for Overshoot Rate

[EETIREERED C s I %

Group . Subject

Number ' Score
Functional and Functional Age Chronolegical
' Chronological Match Only Age Match Only
Age Match- : Analysis Analysis
Analysis 7 -
D.S. 1 133.68 171.60 128.88
2 315.60 312.88 . 372.84
3. 465.78 505.60 368.78
4 7 348.18 477.28 : ) 348.138
5 - 245.88 310.56 436.92
6 - 308.56 315.00
7 - 382.69 246.95
8 - - . 322.92
M.R. 1 -400.68 521.68 . 235.02
- 390.66 535.84 390.66
3 454.74 545.28 371.58
4 235.02 T, 294.34 . 321.72
5 238.68 270.72 238.68
6 C- .. 592.72 419.76
7 - 527.84 196.74
8 - - 415.38
E.S. 1 389.76 490.48
2 412.80 505.52 ’
3 267.96 411.84
4 411.48 540.32
5 489.84 632.64
6 . - 454.00
7 - 403.76
8 - —_
E.S. 1 320.82 549.84
'f-’“ z 261.78 454.92
P 3 414.78 414.78
4 485,76 - 452.88
5 299,70 299.70
6 - _ 240.60
) 7 - . 422.88
8 - 377.70
Means - 349.32 442.67 351.80
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APPENDIX H
Analyses of Variance
with Repeated Measures
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14:01:36l
MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FORK FA AND CA

TOTAL RESPONSE TIME SCORE

-

FACTOR 1 GROUPS . ALL & LEVELS
FACTOR 2 SURJECTS ALL S LEVELS
3

FACTOR 3 TRIALS ' A SELECTFD LEVELS:
: = 12 3 4 5 4
SOURCE ‘ | _ CEVIANCES DE VARIANCE
BETWEEN-SUBJECTS A
GROUFS | T Srrseses.uc .3 12386620.L0
RESTDUAL | ‘ 44090284 L0 16 2755642.75
WITHIN=SUBJECTS _ |
TRIALS | 222839500 S 445679.81
GROU ,TRIA ' 12&2253.63 1 g2815.71
RESIDUAL 250:0185.75 8¢ 32502.32

TOTAL ' ) 87321°CL.CC 119

141

{s-0cT1-82
SPRING 11982

p
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164:09:00 . .04-0CT-82

MOTOR CONTROL IN DS AND MR . SUBJECTS MATCHED FOR FA AND CA SPRING 1982

TOTAL RESPONSE TIME SCORE

CETWEEN-SUBJECTS
<

GROUPS -

RESIDUAL

WITHIN-SUBJECTS -

QUARTER-
TRIALS

GROU GUAR
GROU TRIA
QUAR TRIA

GROU QUAR TRIA
RESIDUAL

JOTAL

ALL

ALL

FACTOR 2 GROUPS -
FACTOR 3 - SUBJECTS ALL
FACTOR 1 QUARTER
FACTOR & TRI1ALS
SOURCE

4 LEVELS -
S LEVELS
4 LEVELS
4 SELECTED LEVELS:
1 2 5 ¢
DEVIANCE DF VAéIANCE F
- 107095232.00 3 35655412.00 L.56.
125187280.00 14 7824205.00
5R6RLT .60 3 168949.23 1.66
7TA77T163.50 3 2625721.2% 28.77
£38911.31 9 ©3212.37 - 0.91
4(04396.50 S 444932.94 L.37
1622342.62. ¢ 1:0260.65 1.77
1929086.37 27 71447 .64 0.70
2444060000 240 - 101872.50

_27351068£.0C 319
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' ' ' : S 14:713:05 . r4-0CT-82
MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOR FA AND CA  SPRING 1982

CORRECT REACTION TIME SCORE

(ERPOR CRITERION = 11) _ ‘ ' ' oy
FACTOR 2 - GROUPS  ALL 4 LFVELS
FACTOR 3 SUBJECTS ALL 5 LEVELS
FACTOR 1 (PRUBALTY ALL 4 LEVELS
FACTOR & TRIALS 6 SELECTED LEVELS:
P ? 2 4 5 e
SOURCE - PEVIANCE ~  OF . VARIANCE F :
BETWEEN-SUEJECTS )
GROUPS : 445144400 3 2830481.25 7.10
RESIDUAL ¢€377225.50 167 398576.5%
WITHIN=SURJECTS . -
FROBALTY o 11gETILO 3 39457.0¢ 9.24
TRIALS : 382556, 91 5 76511.3%.  17.91
GROU PRCB | ' 15%025.84 6 1775¢.43 4.1%
GROU TRIA | . ©1374.52 15 6091.63 . 1.43
PROB TRIA 4423381 15 2948.57 P.eo
GROU PROE TRIA 10337764 45 22¢7.22  0.54
RESIDUAL - 1572070.87 555 £271.53
TOTAL ' ' 173404807, 00 L79
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: v o 14:21:49 -C4-0CT-82
MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOK FA AND CA - SPRING 1982

NON-OVERSHOOT MOVEMENT TIME SCORE
(OVERSHOOT CRITFRION = 51)

FACTOR 2 GROUPS ALL .

& LEVELS
FACTOR 5 SUBJECTS ALL 5 LEVELS .
-FACTCR 1 DISTANCE 32 SELECTED LEVELS:
- N 1T 2 3
CFACTCR & TRIALS “ SELFCTED LEVELS:
S 12 3 4 s 6
SQURCE CEVIANCE.  ©OF VARIANCE  ~ F
EETWFEN-SUBJECTS
GROUES . ' 1970607500 ° '3 6588¢92.00  9.9%
RESIDUAL - 10586551.C0 15 A61659.44
WITHIN-SUBJECTS
DISTANCE, ' 1526350204 .2 7631751.02 231.9%
TRIALS ' 1125475.62 5  2250%5.13 o.th
GROU DIST ' . 1941748.2° 5  323624.72 9.84
LROU TRIA - 1163685.070 15 - 77579.00 2.36
LIST TRIA | 108117.35 10 10811.5¢4 C.Z23
GRCU DIST TRI: 721905, 81 30 24063.54  TL.7%
RESIDUAL ' ¥OLIGCE OG- 272 32903.19
TOTAL P S SS&R67 2.0 . 359



MOTOR CONTROL IN DS AND MK

OVERSHOOT MOVEMENT TIME SCORE .

COVERSHOOT CRITERION =
FACTUR 2 ‘GRGUPS  ALL
FACTOR 3 SUBJECTS ALL
1
4

FACTOR

FACTOR TRIALS .

SOURCE

BETWEEN-SURJECTS
GROUFS
RESIDUAL

WITHIN=SUBJECTS

DISTANCE
TRIALS

GROD™DIST

GROU TRIA
DIST TRIA'

GROU DIST TRTA
RESIDUAL

TOTAL

DISTANCE ALL-

S o

I~

&,

51

LEVELS
LEVEL®
LFVELS

SELECTED LEVELS:

12

DEVIANCE

57276432604

28N62234.00

20%&2276.00
£235918.00

3554261.50

29653%2.00
27R2645.00

3I°03%16.CC
17369014 .00

141141604, 00

SURJECTS MATCHED FOR

) |72 ]

0

ny
=~J

240

31¢

14:31:03
FA AND CA

VARIANCE

19092108.0U

175388¢€.87

ce560756.50
2073639.37

394917 .94
327205.73
23140G5.11

111252.45

72495.9°

145

bL-OCT-hZ
SERING 19§82
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MOTO® CONTROL IN DS AND MR SUBJECTS MATCHED FUR F2

S P I L L B

TOTAL RESPONSE TIME .SCORE

FACTOR

1  GROUFS ALL
FACTOR £ SUEJECTS ALL
FACTOR 3 TRIALS
SOCURCE

sETwasN-sUsircfs
GROUPS
RESIDUAL S
WITHIN=SUBJECTS
TRIALS
GROU TRIA
RESIDUAL

TOTAL

-~ =W

LEVELS
LEVELS

2 3
CEYIANCE

§1C30CE. 00

3952116400

1648008 .75
2eHG22.54
5¥N45¢3.50

561667F84.CC

L}
-

SELECTED LEVELS

4

5

nF

~ny

VAPIANCE

C4551548.00

2195620.25

261434, 80

c4076.91

53745.94

16:&9:i9

146

.04-0CT-82
SPRING 1982



MOTOR CONTROL IN DS AND MR SURJECTS MATCHED.FOR FA

TOTAL RESPONSE TIME SCORE

FACTOK
FACTOR
FACTOR
FACTCR

SOURCE

GROUPS
SUBJECTS
QUARTER

- TRIALS

EETWEEN-SUBJECTS

GROUF

RES1D

)

UAL

WITHIN=-SUBJECTS

QUAKT
TRIAL

GROU
GROU
QUAP
GRQU
RESIC

TOTAL

ER
S

QUrR

TRIA

TRIA

GUAR

UAL

TRIA

ALLl.
ALL

TALL

~N P

LEVELS
LEVELS
LEVELS

SELFCTfL LEVELS:

23

"NEVIANCE
C3e404524.00

1979872Cua {0

$14842.54
11585828787
1714640.37
1ALS944 . S

4274%32%.CF

chSRIIZN0 .00

4

q

DF

A

-
B

14:51:40

VARIANCE

18202262.0N

a7?7067.00C

767777.49
961401.75

§5810.453
98302 .41
w5474 47

L5720.A8

26724 .,95

147

Ca-0CT-22

SPRING 1932

s
11

(9]

-3

——

.74
.0e

.
a0
D= 0 -

.53
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i ' | ‘ 14:57:10 - 04-0CT=-22
MOTOR CJUNTRGL IN DS ANC MR SUBJECTS MATCHRED FOR FA . - . SPRING 19&2

CORRECT REACTION TIME SCORE:
(ERROR CPITERION = 11) :

SROUPS  ALL LEVELS

FACTCR 2 3 _
FACTOR 3 .SUBJECTS ALL 7 LEVELS -
FACTCR 1 PRUBALTY ALL & LEVELS ‘
- FACTOR 4 TRIALS 'Y SELFCTED LEVELS:
©2 30 & 5 " 7 8
source . ' DEVIANCE of VARIANCE F

EETWEEN-SUBJECTS

L

. ’
GRUUPS - 3254775.75 2 162738¢.37  4.40
RESIDUAL | £655195.50 18 369733.09
WITHIN=SUTJECTS
PROBALTY | 161497.38 I 53805.7%  11.57%
TRIALS L07077.67 & 6TELE.24  14.54
| GROU PRO3 18176769 6 30294.62  6.49
GROU TRIA - 11136045 12 9280.04  1.99
PROE TRIA 608CG4 .84 18 3353.05 . 0.7?
- % =
GRGU PROB Tw1A | 73008. 35 36 2028.01  C.43
RESIOUAL 2268177.00 - 484 466703

TOTAL ‘ . 13173077.0C S8&7



‘ - g . 015:03:40
" MOTOR CONTROL IN DS AND MR SUEJECTS MATCHED FOR FA

NON-OVERSHOOT MOVEMFNT TIWE SCORF
(OVERSHOOT CRITERION = 51)

FACTOR LEVELYS

Z GRGUPS ALL 3
FACTOR 3 SUBJECTS ALL .7 LEVELS
FACTOR 1 DISTAWCE 3 SELECTED LEVELS:
: . S ' 1 2 3 _
FACTOR & TRIALS . 7 SELECTFD LFVELS:
- 2 3 4 5 ¢ 7 - &
SOURCE " ' DEVIANCE DE VARTANCE
EETWEEN-SUBJECTS
- <)
GRCUPS ¢121140.0C : 30¢0570.00
RESIBUAL , 24133354.00 18 13407461.87
WITHIN-SUEJECTS
‘DISTANCE : 18572178.¢0 > G2Ff608G.CO
TRIALS - £45002.56 6 140847.09
GROU DIST _ 1.086742.12 4 2AL185.53
GROU TRIA . . S21665.41 12 43472012
DIST TRIA 215151.50 12 17626.26%
GROU DIST THIA , 209804456, 24 8741.65 -
RESIDUAL 10745772.CC 3o 298466 .37
TOTAL 62L2NES2.00 L4c

149

04-0CT-82
SPRINGr1¢F2

311.10
4.72

£.85
1.4
.60

L.29



OVERSHOOT MOVEMENT TIME SCORE

-~ (OVERSHOOT CRITERION = 51)
FACTOR 2 GROUPS ALL 3
FACTOR 3 SUBJECTS A
£ACTOR 1 DISTANCE ALL &
FACTOR & TRIALS 3
SQURCE

FETWFEN-SUIJECTS

GROUPS

RESIDUAL

e

WITHIN=-SUEJECTS

- DISTANCE

TRIALS

GRQU DIST
GROU TRIA
PIST TRIA
GROU D1IST

RESIDUAL

TOTAL

TRIA

LEVELS

SELECTEDL LEVELS:
1 2.3 S

LEVELS

SELECTED LEVELS®

& 7 &

DEVIANCE

LLA3TA0.50

LaBE5604 .00

16030874.00

175979.8¢6

FO6F30.25
14183227.C0

£11x0004.00

DF

(o W]

15

LAV RS

>~

17

155

215

i b mme W em P m e b e s e e — B b e

- ‘ 15:10:17
MOTGH CUNTRCL IN DS AND ®i SUBJECTS MATCHED FCR-FA

~J

VARIANCE

2251584.75

2¢7904C.25

5343¢624.50

G7FED.G3
LECS7 .19
57760.5¢8
42637.65
72235.85

B595&8.95

150

. 04-0CT-82
SPRING 1982

62.16
1.02

0.5%4
0.&7-
0.50

n.84
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15:13:30 {4-0CT-82

MOTOR CONTROL IN BS. AKD Mk SUBJECTS MATCHED FOR™CA ~ SPRING 1922
TOTAL RESPONSE TINE scoRE | A
FACTUR 1 GROUPS  ALL 3 LEVELS

FACTOR 2 SUSJECTS ALL 8 LEVELS oo

FACTOR 3 TRIALS S SELECTED LEVELS:

' ' 2 oo S ¢

SbURCE | ‘ DEVI‘P-lNCr' | - DF V'ARI-ANCE . F
BETWEEN=-SUBJECTS . _

GROLPS. : seségsza.ow 2 28412412.00  14.55
RESIDUAL o 4PO81320.00 21 1951491.37
uITsz-suaJecrsr ‘ |

TRIALS B 41538 6.81 & 103&46.?0; 317
GROU TAIA ' | 287229.66 & 35602.5- 1.00
RESIDUAL ‘2754964225 84 52757.20

TCTAL 1M1263720.00 119



—_— _‘, [ e
— -

TOTAL RESPONSE TIME SCORE

- FACTuR 2 GRQUPS ALL 3
FACTCR 3 SUFJECTS ALL 2
FACTOR 1 QUARTER ALL &
FACTOR & TRIALS 5

. o1 .
SOURCE

EETWEEN-SUBJECTS
GROUFS
RESIDUAL

WITHIN-SUESJECTS
- .

_ QUARJER

TRIALS

GROU. GUAR

GROU TRIA

QUAR TRIA

GROU QUAR TRIA
RESIDUAL -

TOTAL

A bt S L ——— T e o — o r— -y

LEVELS
LEVELS
LEVELS

SELECTED LEVELS:
: <

2 3
*DEVIANCE

F27285849.00

163820352. (0

©1757920.87
1653223.¢62

KA

128963450

1148165.12
259475 .06

12450466438
I169930L.00

430774752000

MOTOR CONTROL IN DS AND W& SUBJECTS MATCHED FOR CA

15:15:42

OF VARIANCE

2113642920.00 .

21 7300949.00

3 - 585673.62
A 413305.91

4 214989 .42
E 143520.77
12 71623.17
24 5251635

395 7944663

152

04-CCT-32
SPRING 1982

14.57

.71
1.8
0.5C



MOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOR CA

CORRECT REACTION TIME SCORE

(ERROR

FACTOR
FACTOR
FACTOR

" _FACTOR

SOURCE

HETWEE

GROUF

RESID

WITHIN

CRITERION = 11)

SUBJECTS ALL

oy

TRIALS

N=SUBJECTS
S
uaL

~SUBJECTS

PROBALTY

TRIAL
GROU
&ROU
PROB

GROU
RESID

TOTAL

S

PROB

TRIA

ThlA

PROE TFRIA

UAL

GPOUPS  ALL

PROBALTY ALL

oo

‘\

LEVELS:

LEVELS

LEVELS

SELECTED LE
2 3

DEVIANCE

1259550¢.Cu

4UA659U0.75

52923.14
189418 8

138492.63
33119_9¢

30714.61

L45174.75

127716%.062

1840914, 00

VELS:
4 5

DF

[ [V |

0o

VARIANCE

6267754.50

1926§L-SU

17641.05
'63135.63
23¢82.10
$519.¢9
3412.73
2509.71

4CS4.A0

15:24:04

153

D4-0CT-22

"SERING 1982
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SR , - .~ ° 15:28:00  04-0CT-82
NOTOR CONTROL IN DS AND MR SUBJECTS MATCHED FOR CA SPRING 1982
NON-OVERSHOOT MOVEMENT TIME SCOPRE ]
(OVERSHOOT CRITERION .= 51)
FACTOR 2 GRUUPS  ALL 3 LEVELS
FACTGR '3 SUSJECTS ALL 8 LFVELS :
¥ACTOR 1 DISTANCE 3 SELECTFD LEVELS: .
. B - . 2 .
FACTOR & JRIALS 3 SELECTED LEVELS: :
. 2 5 ‘ -— .
. SOURCE . ‘ . PEVIANES DF UARIANCE F
BETWEEN-SUBJECTS
GROUPS 17694924000 2. g847462.00  14.20
RESIDUAL  13081172.G0 21 . 622912.94

WITHIN-SUBJECTS

DISTANCE . £851872.5% 2 3425936.25 163.13
TRIALS . o, T1R3LE.T9 2 59173.39° 2.82
GROU DIST . _ 1215107 .62 L 303776.91 14,46
“GROU TRIA 48212.33 4. 12053.0°¢ 0.%7
DIST TRIA : _ ‘ 1626.33 4 LET.53 c.o2
GROU CIST TRIA 25141.79 - W 3142472 0.15
RESIDUAL 35285159.79 14~ 210006.95

FOTAL . L2504P60.00 275



-

OVERSHOOT MOVEMENT TIME SCORF
(OVERSHOOT CRITERION =

FACTCR
FACTOR

FACTOR

FACTOR

SOURCE

2
3

1
4

GROUPS
SUBJECTS

ALL

DISTANCE a'LL
TRIALS

 BETWEEN-SUBJECTS

GROUPS

RESID

UAL

WITHIN-SUBJECTS

DISTA
TRIAL

GROU
GROU
DIST

" GROU
RESID

| TOTAL
[

NCE
2

DIST
TRIA
TRIA
DIST

UAL

TRIA
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MOTOR COMTROL IN DS AND MR  SuBJrCTS MATCHED EOR FA AND CA  SPRING TG

FACTOR 1 . (HOUPS -~ LEVELS
FACTUR Z - SURJECTS ALL, 5 LEVELS
FA&CTOR 3 CTRIALS ALl g LTVELS

REACTION TIMES FOR CORRLCT .R:SPONSES
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0.C LI~ SC.% 7R
N -‘.F" l-f‘ > 4{."
é . 750 v 55 TS
72.4 . 4905 7.5
Lr A L
3. 1051 chz U ~34
O 1A3.40 55,4 C.0 1La.9
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GTO: CONTROL IN DS AND Mk . SUBJECTS,MATCRED EOR FA AND CA  SPRING 15v2
FACTOR 1 GROUPS CLEVELS
1
FACTOR 2  SUBJECTS ALL 5 LEVELS -
FACTOR 3 THIALS® ALL  F LEVELS
REACTION TINES FUR CURRECT RESPONSES
» "
MFAN SCOPES NEAN DATA
, TARGET FOSITION TARGET POSITION
STARTINU ' ’ - )
FOSITION 1 2 3 “ . < 1 2 3 4 9
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“0TOk CONTROL IN S AND ¥k  SUSJECTS MATCHEDR FOR FA AND CA  SPRING 1982

FACTUR 1 LRGUPS CLEVELS

; ' 1

EACTUr 2 SURJELTS AtL S LEVELS

FrCT2% 3 TRIALSS SaLL & LuwFLS

=

FEACTION TIM:S FOr COFRECT RESPOMSES

vy
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MOTON CONTROL IN DS £xD ¥R - SUBJECTS MATCHED FOR FA AND €& ° SPRILGE 1682

FACTC® 1 EFOUPS . L LEVELS
o2 o
EACTOR 2 SUBJECTS ALL S LEVELS
CFACTOR 3 TRIALS apL FOLEVELS
" REACTION TIMES FOS COKRECT RFSPONSES : _ »
MEAN SCONFS X - B FEAN DATA
TAKCET POSITION TARCEY ©FOSITION
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.0TOR CONTROL IN DS AND % SUBJECTS FATCHED FOR FA AND LR SFRING 1942

FACTUR 1 CROUPS LEVELS ‘ . . L :

‘ : : | _ | )
FRCTLR 2 SUBJECTS ALL S LFVELS : :
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MOTOR CCTROL LN DS AND MR SUBJECTS

FACTUR 1 GROUPS - LEVELS
. T . 2 .
FACTOR 2  SUBJECTS ALL 5 LEVELS

FACTCR 3 - TRIALS ALL & LEVELS
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FOSITION ‘ N . 3 4
. \ - ’
1 r Tm s 412 404 4
: A0 1F.T 15.0 16020 24
L 38 RE 38
< 5.f 0 413 LA 4
. 23.5 oo 2001 5.0 18
h¥d o I3 3¢
T3 549 4LROQ L 468 4
INLE O ZLLT LD Z2u.s E3
iy 3t 0 3¢
L 463 492 4e? ¢ 4
25.7 2¢.1 24.¢ 0.0 25
wE IR . 38 o
oS 415 Lzl 41 414
24 .2 24,4 r.4 104 ¢
5F 3 3z 3-
NUMEFR IF MISSING DATA <.
NUMBFR OF EXCLUDED DATA 72. .
INCLYUSTION CRITFRIA €1 AND
tRROK CRITEQICN 11
L

Wl

MATCRED FOR FA AND

14
-5

.'§O

vl Y
(A )

W
oo~

1A

195.9 .
155

A
™
-4 Y

L&

497
227.2
154

ny
N LAY

~ .

12

<

A

s
(o 3
-t~

LRV N}

= ~J s

o
~

e

SPRING 1C¢2

[WH

B

415
161.4
141

—_—

o

LE5
201.4

142

—3

YN o

163

CMEAN DATA
TARGET POSITION

R N 2

&4

[o.0] ~+ (T2
[FY AV 2

Ul e
LR o



L i e P 2 b St S A e e — — o e —_——
- A - LN o v
P . . .. . - - - e e - - Soae R - T X

, 164 B
voTon COSTROL IN DS AND YE SURJECTS NMATCHED . *OR FA AND - CA SPRING 152

FACTCR 1 LRQuPs © LeVELS

. . - - 2 . .ot
FACT K 2 SURJECTS ALL S LEVELS : : o
FaCTOR 3 TRIALS - 2L § L-VELS
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NEAN DATA
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FOR FA AND CA SPRING 16¢2
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mOTOR CORTROL

FACTCOR 1 GROUPS
EACTGR 2 SUBJECT
FACTOR 3

TRIALS

REACTION TIMES
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\ ~0T0R CONTROL IN DS AND M3 SUSJECTS MATCHED FCR FA STRING 19¥2
~ . . ] ar . < - . ‘
FACTGR 1 - GROUPS LEVELS .
CFACTOR 2 SUSJECTS  -ALL 7 LEVELS :
Facroe 3 TFRIALS - ALL F LEVELS .
REACTION TIMTS (FOR CORRELT RESPONSES )
’ : Wi AN SCOFE ' _ MEAN DATA. .
) TARLET POSITION TARGET FOSITION.
STARTING _ . .
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. r Ixg  26C 401 4N c 3Ise 3983 3%¢ 405
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MOTOF CONTROL .IN DS AND MF SUEJECTS MATCHED FOR FA . SPRING 19: 2
FACTCP 1 GrOUPS *  LEVELS :
= . _ 3z ‘
FACTUR 2 . Su&aJeCTS . ALL ~ 7 LEVELS Q
FRACTOR 3 TRIALS ALL & LTVFLS
% EACTION TINES FO® COXRECT KFSPONSES :
* L]
T T, MUAN SCORES h - : " LEAN DATA
TARGET POSITION . TARGET #OSITION
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FOSITION 1 z ) & < 1 2 3 4 g
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F0T0C CCNTROL IN DS AND MR SUSJECTS MATCHED FOR CR

T
]

SORING 193¢
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X , S o
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- . R ] - - . .~ N . :
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T el (- ﬂ 63 63 245 L2274 242 255
3 7L r27 ‘ 658 66D 755 614 N es3 642
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