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msq one or more subgroups vho had common problems in motor skill

Y . C. /
. m', . m . . ~ X
R ]
B AA Ono hundrod and- twenty-eight coutgol ohudton and one hund:od and
- s
twelve ng di-lblod child:‘n. Iqtd 8, 10 and 12 yoaxl u-to

A}

1dout:l£1.d as the researcl sample. Subjocts were -screened for age, IQ,
obvious ncuro~nuscullr, bohlviotal aan second lanquaqo prodlems.
Reading disability was determined by the Catholic School Board using th
Tinker-Bond formula and vas Qo:itiod by subsequent streening with the
Schonell Diagnostic Reading Test.

. Subjects were individu;lly administered a 15-item motor performanc
test i:aﬁt_ory over a five month period. The results indicated that
‘roadinq disableg children performed more poorly on the catching, balanc
and jumping tasks. Performances on the fine motor tasks were mixed. N
‘gtoup differences wnfo evident on the target throw. In contrast, grade

-

‘five reading disabled children exceeded the control group on the dodge

rﬁn.

Pofcentile ratings of individual scores according to age and sex
enabled the identification of severely awkward (three scores b;low the
10th percentile) and generally awkward (two scores below the 10th and a
number of scores bclow.the 20th poicontile) groups. Porty-eight

children or 20 percent of the total sample were identifiod as awkward.
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experionced :oluuq sitficulties. A m Gf 8 year old seversly
mrd reading aissbled eumna resulted from thic :uhntincnuon
process. - The 'study provided lubotantm evidence for the conc;uitgnco :
’“', physical avkwardness and :namq duabi'héy. ﬁémtxon- for
further -tgdy of the strategic behaviours of the 1dentified -ubgrou;;
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Unless one comes to an understanding
-qoncerning the nature of Change, one
* will have many difficulties. .

- . ’ Plato
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CHAPTER 1
INTRODUCTION
Over the past 20 years a renewed interest has developed in children
who do notlacquirc adequate proficiency in movement skills. 1In view of
the current concern for accurate ident{ficatioﬁiand efficient ‘
f-mdiatipn' of physically awkward children, it is interesting to note
that the following yor&a were written by Galen almosg 2,000 years ago.
But in the young it is better to try to modify
the pathological conditions, even if they have
been aqcusthed to them from childhood, for
their strength can sustain modification if it
. i8s made moderately, and there is hope that for
' the remaining time of life they will be
assisted to better activities. (C200/1951)
Aithough Galen spent long hours cataidguing movement problems, their
symptoms and his recommendations forvtreatment, modern researchers have
found it increasingly difficult to progress beyond this stage of
description to the creation of an effective‘method of early
identification (Keogh et al, 1979; Gordon and McKinlay, 1980} Henderson
and Hall, 1981). g | |
Some of the difficulty which researchers have encognfered has been
brought to th problem because of the variety of disciplines they
represent. Many of the early researchers in particular were trained in
medicine and were therefore influenced by the deficit model approach.
More recently psychologists and physical educators have viewed the
Problem from the perspective of motor learning theory. Not only have
their theoretical commitments‘influenced their methods of inquiry but

also the subjects whom they have chosen to study. Compilation of a

descriptive profile of the physically awkward child based on research
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findings has therefore remained a problem. Por example, in one atudy.
s/he may be a’'moderately mentally retarded child (Keogh, 1968) and in
another be identified as minimally brain damaged (Prechtl and Stesmer,
1962). h ‘ . .

D‘lpite the confusion which has surrounded the attempts to define
;nd describe the physically auk;ard, there is considerable agreement
concerning the social and psychological concomitants which these
children expetiengo. "Their predicament which often includes gauche
behaviour and ipeptnesa at games, with consequent difficulty in making
friends, can lead to loss of self-confidence to such an extent that such
children will not attempt activities of which they are capable”
(McKinlay, 1978). A study by Symes (1972) indicated that the
performance inadequacies of awkward children”do not go unnoticed by
their peers, and the humiliation which they feel is fueled by the
rejection they encounter. Gubbay (1975b) and Keogh et al (1979) have
indicated that self confidence can become so eroded that physically
awkward children develop a pattern of:d;aruptive behaviour in an effort
to mask their movement difficulties,

Proof that these children have become masters at deception is
provided by the frequent inability of teachers to recognigze the source
of their disruptive behaviour (McKinlay, 1978). Researchers have joined
forces therefore, in voicing the need for a reliable screening test
which would help to identify the estimated six to ten percent of the
population who are physicallf awkward (Brenner, Gillman, Zangwill and
Farrell, 1967; Stott and Henderson, 1972). Although there is some
support for a higher involvement of males than females (Gordon and

McKinlay, 1980), it has been suggested that this belief stems from the
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onzvhoniﬁq nusber of an boy -tﬁau- which have been conduqﬁod (Keogh,
B., 1962). Gubbay (197Sb) did not find any sex differences in his study .
of 992 children, whereas Keogh et al (1979) indicated that a higher

incidence of boys would coincide with the greater number of boys who are

identified with other types. of learning problems.

stathont of the Problem

Since movement difficulties hnvo often been cited_observatiéﬁally
-al eonconitang probiens of children exp;riencinq learning disabilities
(Prechtl and Stemmer, 1962; Bax and McKeith, 1963; Knights and Bakker,
1976), it is quite probable that there is a definite subgroup of the
learning disabled population which is also phylica;ly awfzard (wail,
1982). Since Stevens and Birch began using the tgrn "Strauss syndrome”
to describe children.with learning .and movement difficultiel (Lerner,
1976), researchers have been trying to devise useful operational
definitions. The beﬁt advice at present indicates that efforts should
be directed at making accurate descriptions of the specific difficulties

encountered by children, rather th attempting to assemble a large

heterogeneous group under the gne ill-fitting label of learning diagbled
(Morris and whiting, 1971; Goddon and McKinlay, 1980; Torgeson, 1982).
It was yith this recommendation in miﬁd that the present st;dy was
undertaken.

The purpose of the study wa;_to systematically define a ;esearch
sample of‘learning disabled and control subjects; apply a reliable and
test to detect phygically'awkward behaviour; and*identify one or more

subgroups who had common problems in motor skill performance.
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Ctzl!nl Gottnttion of eh. research alqnmn iqcludtu' both the
hu-ning disabled and the dontrol group, hu hun cited as a njor
concexn in lomfng aiubs.ntiu research (Torgeson, 1973). In miton,
children with lou-ninq disabilities uy have ditticulti;l in any area of
lnaming and dovelppunt. but poor reading okillc is the handicap of the
greatest number of children in learning disabilities educational
programs (‘umt, 1976). It was decided therefore that féz'this study
ioarning disability would in fact be defined as roaging disability.

The selection of a suitable test og motor impairment presented a
number of initidl.problonl.‘ In addition to the concerns of reliability
and repiicability, it wls‘nocel-ary to find a measurement technique that
could differentiate between awkward and efficient p&rformcr- and alse
reflect the natural development of skill with age. A characteristic is
said to be aovelopuental if it can be related.to-age in an orderly or
1aw£;l way (Kessen, 1960). It became a sub-problem of this study
therefore, to monitor the ability of each task in the test battery to

illustrate a developmental trend in performance. The definitions which

follow will help to clarify some terms of reference.

Definitions: Theoretical (T) and Operational (0)

Bhysical Awkwardness (T)

"Physically awkward children ar; children without known
'neuromuscular problems who fail to perform culturally normative motor
skills with acceptable proficiency” (wall, 1982, p. 254). Although the
movement difficulties expressed by these children are real and visible,
the designatioh ghysically awkward is somewhat subjective. That is, it

is a response to the inability of a child to learn certain skills which



culturally normetive -:uua in c?ﬂm cultuto and will\ thezefore be
monitored in this study g/
: | : S |

Children u!lou tut scores on the Motor Performance Mt uttory
(Appondix B) fall vithin the following c:itoria will be designated as
awkward.

s.vorolz Awkward | ’ '

Thzoc toct scores are at or below the 10th potccntile for his/her
particular sex and age.

Less Severe or Generally Awkward

Two scores are at or below the 10th percentile and a number of
other scores are below the 20th percentile.

v

Control Subject (0)

A control subject may be defined as any 8, 10 or 12 year old child
) /

in grade three, five or seven in the Edmonton Catholic School System who
has: an intelligence quotient between 85 and iis on the Primary Mental
Abil%tipl or Lorge-Thorndike IQ Tests; and no obvious physical‘or
neuromuscular handicap, gross behavioural problem, predominant second

=

language or detected reading difficulty.

Reading Disability (T)

Specific reading disability may be defined as the
failure to learn to read with normal proficiency
despite conventional instruction, a culturally
adequate home, proper motivation, intact senses,

¢
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normal intelligence, and freedom £rom gross.
neurological defect. (EBisenbarg, 1960, p. 360)

A disabled reader in this study will be any student who meets all
of the criteria cutlined for a control subject, but who is reading at
1§ut one third ’bolow the ratq of _his poor, {as determined by the
screening iy-tiu of the Edmonton Gatholic School System and the Tinker
Bond FPormula (see p. 44)].

Bypothesss
A number of hypofh..ol have been dovolopqd to give direction to the

dolcriptibo statements conqo:ninq the concomitance 6f physical

awvkwardness and reading disability which may emerge from this study.

Sex Differences

Hypothesis 1 '
On the test battery as a whole, sex differences will be
negligible. -~

Hypothesis 1-2

Boys will out perform girlé on the ball skills tasks.

Group Differences

Hypothesis 2

As a group, the reading disabled children will perform more

poorly than the control children on all tasks.



Rypothesis 3-1

o The differences between group po;fomnco- will be most
evident at age ¢ and will decrease consistently with increasing
age.

Bypothesis 3
There will be wore reading disabled than control children
\ ‘identified as physically awkward.

Hypothesis 3-1

There will be more reading disabled than control children

identified as severely awkward.

,

Delimitations ¢

The control subjects in the study were 8, 10 and 12 year old boys
and girls selected from nine schools in the Edmonton Catholic School
System. The reading disabled subjects Qere selected from 40 schools in
the same‘system. The children were tested on an individual basis in
their own school gymnasium oQéx a period of four months.

Although the performances on 12 of the 15 tasks in the . test battery
were monitored over three trials, the screening procedure was performed
in a single session. It was intended as a monitor of existing physical

8kill performance and not as a measure of potential.

Limi&gtions

-

The most serious limitation to the study was the three month break
between test administrations to each group. It would have been most
desirable to gather data from both groups simultaneously, but this was

not possible. It could be argued, however, that this procedure was



actually in the fawour of the reading digshled FXoyup 9ince they were
tested three months later than the oontro)l group. wwulﬂ have the .

benefit of increased maturation and practice time,

® .



CEAPTRR 3
A SELECTIVE REVIEW OF THX LITERATURS

L st? ~ tor

Although investigative research specifically aimed at physical
awvkwardness d4id not emerge until 1962 with Walton's coining of the ton
the clumsy child syndrome, his efforts were made in ditﬂt response to a
growihq humbor of observations recorded by pidiatticianl and pediatric
neurologists concerning the behaviour of their clinical subjects.
Walton's own Clinical work lead him to the conclusion that the syndrome
was much more Qido-pioad than generally believed. Documentation of some
of the early oblorvat;onl may help to provide an historical framework in
which to ;;aco more recent research.

As early as the seéond century Galen described children whom he
observed having difficulty porforiinq skilled movements with either hand
(Orton, 1937). Galen's term for these children was ambilewvous; or
doubly left-handed. The image although somewhat unfair Jo left handers,
- is an effective one. These children displayed a lack of skill on both
sides of the body which produced a performance feminilcont of the
ineptness §hown by a nonpreferred hand. Galen's observations were to be.
verified many times over.

The following éo.nantl made by Morgan in 1896, are of note, not
because of the disability described, congenital word blindness, but
because they represent the recognition of the existance of an isolated

developmental disturbance.



Morgen's account establistied the groundwork for future obaorvitzons.and
investigation of -oouinqlrsnon pathologioal developwmental disorderxs.

It was not until nrr however, and the publishing of Orton's
excellent book mmwmz&w_u_m_m that a
link was made between the difficulties of learning the complex movement
patterns of speech and writing and the expressive problems experienced
in performing movements of the body and limbs. He formulated his
approach for treatment of these handicaps from the study of close to one
thousand cases referred to the Language Research Project of the New York
Noufological Institute between 1930 and 1936. In his approach, Orton
realized the importance of not only ov;luatinq language and motor
functions, but also of assessing economic, social, educational and
emotional factors i;pinqing on the development of ;hc child. Although
his main interest was in the remediation ‘of reading, writing and speech
problems, Orgon showed ro-axklblo‘innight in his descriptions of
children with developmental apraxia.

Such children are often somewhat delayed in
learning even the simpler movements such as
walking and running, and have great difficulty
in learning to use their hands and to copy
motions shown to them. They are slow in
learning to dress themselves and are clumsy in
their attempts to button their clothes, tie
their shoes, handle a spoon, and in other linple
tasks. (p. 121)
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of mined laterality which he found to Be cemmon among Ohildren wich
develogmental diffioculties. He indicated that of those Aildren vho
exhibit & high degres of ambivalence uﬁ? lege and tivht‘hum,

Oould De termed ambidextrous, and moet M-} lou than tM Msual skill
for their age in performing intricate -ov-nu ﬁéth either hand.

He was also acutely aware of the feelings of iﬁf‘t*°'1t! that his
apraxics inevitably demonstrated even though their cléllinOUl was
manifested in many different V‘Yl; He felt it was the responsibility of
the clinician to relieve tho‘child and the parents of their gujje
feelings by providing expert diagnosis and proper training. oreon,
rightly or wrongly, truly believed that anyrtochnlﬁuO Oor skill could be
mastered with sufficient ap;ILcltion and practice.

In 1942 Spillane gave a detailed account of congenital
Gerstmann's syndrome. This disorder, which had previously been
identified by Gerstmann in 1324 as resulting from 1€510NS in the left
parietal-occipital area of the brain in adults, resulted in finger
agnosia, confusion of right and left, acalculia and agraphia. The
symptoms of finger agnosia are difficulty in recognising, Naming,
seloctis;, differentintinﬁ, and indicating not only the fingers of ones
own hands, but also %hooo of others. The subject had a hi't0ty of slow
early development, difficulty in reading and poor right-—left

dilcfi-ination.
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It 1s 1nun-uu.umm-.n.uq\“uuwu
cempensate for his inabilities and Reep thea relatively well hidden
. until he was requized to perform on the parede ground fer adlitary
sexvioe.

T™he work of Gesell and Amatzuda (1947) on develogmental diagno®i®
lent substantial sugpozt to the belief that many of the children beind
referred to pediatgic clinics were experiencing problems as a result of
minisal cerebral iajury. Their work complimented that of Orton with

L J ,
respect to the concern for acquiring a total picture of influencing
factorS, including general physical endowment and infant temperament’
environmental integrity and quality of management. Although they
cautioned that diagnoeis of minimal injury might be guesswork at best.
their suspicions were arcused if the child va'fiut born, if s/he WS
premature, if the birth history was at all adverse, or if encephalitis
was suspected. The following description illustrates a typical case °f
delayed development reported by the authors.

The infant cried norsally and seemed

vigorous. However she showed a well-defined

deficiency in her ability to nurse. This

disability in motor coordinations required for

sucking wvas the forerunner of similar

coordination difficulties which showed

themselves in stammering, faulty verbal

associations, delayed unilateral dominance, and

in failure with simple block building and form

matching as late as 4 1/2 years. (pP. 245)

Though Gesell and Amatruda stated that minimal cerebral injury

frequently resulted in postural, locomotor and prehensory retardation.
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they also obghrved that these motor deficits often ameliorated as the
child grew older. The one cCommon residual how.vo:: wvas serious
difficulty .1nutho acguisition of rod;linq. The _prm}alenco of this
symptom led the clinicians to the conclusion that minimal cerebral
injury was much mors common than generally recognized.
The psychiatrist, Anna-Lisa Annell, felt that motor dysfunction was

a limiting factor in school performance, even in children with average
or superior intelligence (1949). She found that approximately 13
percent of 600 referrals between 6 and 17 years experienced deviations
from normal motor development. Of these, roughly 10 percent were of
normal or above average intelligence. Annell developed seven distinct
groups in her attempt at classifying different combinations of symptoms.
The following represants a‘¢escription of an 8 year old boy with an IQ
of 135 who showed symptoms of motor infantilism, her most common
category.

He has always been left handed. He learnt to

dress himself late and still dresses slowly,

finding it difficult to do up buttons, and

cannot tie shoe-laces without their coming

undone. He has not wanted to learn to ride a

bicycle or to skate. . . . . Sometimes he

makes athetoid accessory movements with his*

fingers, particularly in movements of

precision. His gait is slightly wide-stepped

like that of a small child. He is very

uncertain when he makes movements without
visual control. (p. 906) '

e

Annell concluded her paper with a plea for an interdisciplinary research
and treatment plan as the most fruitful approach to understanding and
remedirgion of these developmental problems.

An attempt was made by Doll in 1951 to describe the series of

behavioral symptoms resulting from central nervous system impairﬁent by

13



" the term neurophrenia. Doll differentiated neyrophrenia from cerebral

palsy, because it encompassed all behavioural ‘manjfestations of the

anomaly, both physiological and psychological, and was stricted to the
years fr;n conception to late adolescence. One 6f the most striking
chargcteriatic- of neurophrenia was an obvious decrease in symptoms with
maturation. vrton intetvi}ws, observation,. clinical work and literature
review, Doll compiled the following list of symptoms: disturbances of
neuromuscular coordination, deficits in sensory perception or receptive
aéhasia, difficulties of expressive language, emotional depression and
confused laterality. Doll emphasized the importance of careful
asgessment because of the complications induced by such serious
expressive inadequacies.

Further evidence of the psychologidgl concomitants of physical
awkwardness is supplied by Ford's description of congenital
maladroitness (1960).

In some instances,, the child avoids outdoor

games because he finds he cannot ctompete with

other boys of his age and gets so discouraged

that he stppa trying. (p. 197)
Pord identified the main problem as a difficulty in iearning complex
motor actions. It is worthwhile noting that he attributed the lack of
handicap noticeable in adulthood, to an avoidance of physical activity
rather than amelioration through maturatioﬁ, as previously suggested by
Gesell and Amatruda (1947) and Doll (1951).

A final referénce is made to the work of Prechtl and Stemmer (1962)

in detailing the characteristics of 50 hyperkinetic children who

exhibited in common, chorea-like twitchings of the limbs and head.
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The majority of tho-childrin'l parents ;cclarcdv.

that even at an early age their children had

displayed particularly wild, unrestrained

behaviour, clumsiness, inability to concentrate

on any plaything for long, and very labile mood

fluctuating between timidity and outbursts of

aqgtclsion (p 123)
The authors reported that 90 percent of the group under study had
rgading difficulties and many experienced disordered spatial petcéption
and ori;nfation. Precht; and Steume; concluded from their clinical
findings that these cﬁildren suffered from a type of cerebrél palsy dﬁe
to minimal brain damage .

| Considering that most of the cases ;ited were referred for
difficulties other than their awkwardness, one cannot fail to be
impressed by the similarity of symptoms described. Most of the subjeéts
were of average intelligence yet experienced school failure and
frequently an inability to read. Often no obvious cause could be
identifed other than minimal brain injury, for which there was no
definite test. ;nvariably the child had difficulty dressing, was unsure
and clumsy in performing complex motor tasks,bénd could not
’

differentiate right from left. Récurrent observations of the feelings
of inadequacy and inferiority expressed by these children gave added
impetus to the study of physical awkwardness as a behaviour syndrome in
its own right. Researchers have continued to document case studies of
children with developmental difficulties who also experience awkwardness
in performing physical skills (Paine, 1968; Kinsbourne, 1968; Critchley,
1970; Harvey ﬁ Wallis, 1979), however, a growing number have attempted

to study this heterogeneous group of children from the viewpoint of one

common symptom, physical awkwardness.
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Direction was given to the field by the roporting of Walton, Ellis
and Court (1962) on the significant characteristics of five children
diagnosed as having developmental apraxia or agnosia. The children who
ranged in ;ge from 9 to 14 displayed normal intelligence, with an
acconpaﬂying large discrcpancy between verbal and performance subtests
on the Wechsler Intelligence Scales for Children. Although no visible
sign of neurological disorder oéﬁéf than their obvious clumsiness waé
evident, Walton et al described the syndrome as a defect of cerebral
organization which caused probleﬁs of recognition and exgcution.
Although the authors were reluctant to specify a particular e?iology,
they did not feel at this time that the syndrome was a maturational
delay. "wWe see developmental apraxia and agnosia as bands in a spectrum
of developmental disorders involving speech, reading, movement and
spatial oriéntation which is slowly being defined" (p. 609).

Proof that peopie were listening to Walton's pleas for wider
recognition of clumsiness as a developmental disorder came in an

acknowledgement printed in the British Medical Journal (1962). Three

important guidelines for research info physiéal awkwardness resulted
from this paper. One, the etiologies are diverse, but generally fall
into two categories, brain damage and delayed maturation of the nervous
system. Two, clumsy children are prevalent and deserve cafeful
diagnosis and treétment. Three, the route }or future research is to
determine etioclogy and thereby ascertain remedial techniques.

Although most researchefs récognized the heterogeneity éf causes,

their work tended to adopt one of two basic models. The medic;i model,

acCepted the fact that there was a basic deficit in performance due to
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brain damage although not necessarily of an Anafbniogl or detectable
nature. The develppmental lag model, in contrast, accepted the fact
that physical awkwardness was a developmental disorder due td delayed
maturation of the nervous system which rélultcd in perceptual and
organizational difficult;es.

A third and more tecent approach to the problem of physical
awkwardness discards in a sense, the concern with etiology and focusses
instead on the précesseg inv&ivod in ACCurate skill performance as a
guide to the undgrstanding of those who fail to perform in a skillful
manner. A brief review of éome of the major contributions to each model

and the consequent efforts at definition will follow.

The Deficit Model

.

One of the most comprehensive of the early studies was done by
Brenner, Gillman, Zangwill, and Parrell (1967). This was the first
attempt to épply a visuo-motor test battery to a group of normal
children in an effort to illustrate the incidence of handicap in the
general population. The screening test which.purported to measuxe
dexterity, perceptual analysis and éonstructional skill identified 54 of
the 810 children or 6.7 percent as experiencing';;suo—motor handicap. A
three year follow-up study on i4 of the most severe cases as compared to
14 control subjects matched for age, sex, handedness, verbal IQ and
home and schopl background indicated some sigw}ficanf differences. The
4experimental group displayed a significantlfdibwer performance IQ than
verbal score; they performed more poorly on tests of spatial judgment

and manual skill; they experienced spelling and arithmetic difficulties

and had a high incidence of behaviour problems. The authors concluded
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that agnosic-apraxic disabilities were probably dus to minimal cerebral
dysfunction, 'althouih this was an inference from developmental history
since no EEG's were porfornid.

Brenner's vork‘hld been a direct tefly to the studies of Gubbay,
Ellis, Walton and Court (1965), in which they restated the need for
suitable screening tults, and early recognition and treatment of the
physically aukwafd child, From case studies of 21 apraxic chilaren,
fdﬁr bf whom had ﬁeon reported in the.paper by Walton(ot al (1962), the
authors concluded that three etiologies were probabie; inadequate
establishment of cerebral dominance, delayed maturation, and structural
lesions in one or other parietal lobe. Because there had been a
striking improQQment in the performance of some of their subjects,
maturational delay did seem to be a plausible explanation, however, the
authors eventually concluded that "underlying brain damage is usually
present” (p. 311), and indicated that the majority gf the;r subjects
manifested a form of minimal cerebral palsy. In addition to their
severe clumsiness and poor school performances, the children presénteﬁ
Qith a noticeable incidence of crossed laterality; poor writing; some
degree of abnormal articulation; behaviour problems; restlessness; and a
marked discrepancy between Verbal and Performance scores on the Wechsler
Intelligence Scale for Children. 1In fact, Gubbay, et al concluded that
this discrepancy on the WISC waé the single most useful test in
identifying clumsy children. X

Gubbay continued his research, devised an eight item tesf battery
which he subsequently'administered‘to 992 children between 8 and 12
years old and by 1975 had decided that the clumsy child was one "whose

ability to perform skilled movement was impaired, despite normal

1s
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intelligence and normal findings on conv.ntional‘nouroloqicdli
examination” (197%a, p. 2335. :Itvil interesting to note however that on
the follow up study of 52 1donﬁificd clumsy children, a significant '
number had reading quotients and intelligence quotients below 80 as
‘compared with their controls, and there were significantly more abnormal
EEG tracings in the clumsy sample (1978). These findings may be somewhat
difficult to place in perspective, considering Gubbay's dofinitlon.
Concurrent with Gubbay's work in Australia, Stott (1966) began
regsearch in écotland on the revision of the bseretzky Test of Motor
Ability.  The purpose of this work was to devise a method of measuring
motor impairment which was of a functional, or presumed neurological
origin, Stott made an effort to minimize the effects of stature,'
muscular strength, spatial ability, mental“level, temperament, previous
learning, and culture although he realized fheir inevitable contribution
to motor performance. This approach to an operational definition of
clumsiness was much different than the discoveryumethod used by previous
researchers. Stott_and hip coworkers (Hbyes and Henderson) made the'
aséumption that clumsiness was a type of learning disability due to
neurological defect which manifested it;;lf in five specific areas:
control and balance of the body whilé immobile; control ahd coordination
of the upper limbs; control and coordination of the body while in
motion; manual dexterity with emphasis on speed; and simultaneous
movement and precision. Alghough Henderson_and Stott recognized the
heterogeneous nature of clumsiness, they stated that frog/rgsults of
their work, children who evidenced impairmeﬁt were generélly impaired in

‘all five functions (1977). They tended to agree with Gubbay that clumsy

children were equally distributed between the sexes. They approached



the question of incidence by do-iqninq;l test which would mirror the 10-
18 p‘tcont impairment rate reported by Pringle et al (1966) in a study
of 11,000 births in the British National Child Development Study.

Tpgginitial work of Brenner and the continuing work of Gubbay and

1
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Henderson have had a major impact on research into awkward children.
The most obvious contribution has been the development of standardized
teats of impairnont. Two frequent criticilms of the deficit model
approach are; one, that limitations are placed on the impro;ement that
can be expected through remediation; and two, that altﬁough the tests
tell us that a child is impaired, they do little for ‘our understanding

of the processes underlying movement skill development (Keogh, 1977).

The Developmental Lag Model

Those proponents of the developmental delay theory felt that this
model helq a much more favorable prognosis for the clumsy child. It had
been fairly well established that mental retardation frequently was.a
causal factor in some types of clumsiness (Malpass, 1963; P;ancis and’
Rarick, 1959; Keogh, 1968). This was not the developmental clumsiness
which interested developmental lag theorists, however. Ingram's
clinical classification of chronic brain syndromes other than cerebral
palsy, epilepsy and mental defect, categorized specific clumsiness as a
"clinical syndrome with inconstant evidence of brain'abnormality" (1963,
p. 13). He emphasized that there wad‘a natural wide distribution of
ability in children, which was in turn affected by environmental
opportunity and a genetic predisposition to developmental difficulties.

Ingram credited the concept of minimal brain injury with directing

- ‘attention to disorders which had previously been ignored, but he

20
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cautioned "it may be shown that brain damage is a contributory factor in
‘a large variety of different behaviour abnormalities, but in many of
these it seems iix.ly that brain injury is a cause of psychological
distress, but does not have a direct effect on the child's behaviour
‘patterns (p. 16)."

Accepting the theory that delayed motor development was a common
cause of clumsiness, Illingworth (1968) described the clumsy child as a
“generic term to describe the older child who is awkward in his .
movements, like a much younger child" (p. 577). He provided a detailed
protocol for pediatricians to follow on the route to a diagnosis of
delayed maturation.

Further impetus was given to this theory in the now classic paper
on developmental clumsiness by Reuben and Bakwin (1968).,'Theﬂaut§yrs
discredited the term minimal cerebral damage syndrome as had been done
in 1962 in the comprehensive monograph by Bax and McKeith (1963).
Instead, they outlined a process of management for the developmentally
clumsy child which they felt would relieve the pressure of a cerebral
damage label. In describing the syndrome the authors stated that the
children were awkward in the performance of everyday activities
requiring ordinary manual dexterity and lacked the physical skills
needed in school and athletics. They frequently had difficulties witﬁ
handwriting and speech. They had low self esteem and performed poorly
in school. Frequently they scored much lower on the performance than on
the verbal porfion of the Wechsler Intelligence Scale for Children.

Notwithstanding the theoretical commitments of various researchers, the

clumsy child syndrome was beginning to take shape.
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Two important contributions to the theory were made by Dare and
Gordon in 1970. In studying 33 physically awkward children referred to
the Children's Hospitals in Manchester they developed three etiological
classifications; specific developmental disorder; general development
retarded; and minimal cerebral palsy. The first category contained the
majority of their cases. The authors reiterated many of the
characteristics previously mentioned, but in addition, they recognized
the components of skilled motor function which had previously been

e
ignored. Dare and Gordon realized that difficulties in performing for
the physically awkward child could be manifeated in either receptive or
expressive components of a skill, or both. They were the first to
emphasize the need for-additional practice for the awkward child in
learning a skill. They also suggested the essentially positive approach
of developing those skills which were desirable and possible, §nd of
avoiding those which were frustrating and non-essential.

This emphasis on effective management as the key to a healthy
prognosis for the clumsy child was continued in a recent book by Gordon
and McKinlay (1980). They express their adherence to the developmental
delay theory in this manner.

Clumsy children show difficulties in motor
coordination out of proportion to their general
abilities. ° They commonly, but not invariably,
have co-existing learning difficulties. Their
disabilities may lead to secondary emotional
problems including frustration or social
isolation. Thus, a child of whatever
chronological ‘age whose general abilities are
those of an eight-year-old but whose coordination
skills are typical of a five-or six year old
will be regarded as 'clumsy’'. (p.l)

The authors stress however, that there is no single cause and indeed

that there is no typically clumsy child. Both gross and fine motor
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cooxdination may be affected, or either symptom may exist in isclation.
They do feel that more boys are affected than girls. In lending support
for early identification and management, Gordon and McKinlay suggest
that detailed descriptions of the child's specific difficulties will be
much more helpful than labollinq him/her as brain damaged.

The impact of these, and other developmental delay theorists on
research into physical awkwardness has been long lasting. The work of
Reuben and Bakwin (1968) in particular was elemental in establishing the
concept of developmental clumsiness. Dare and Gordon (1970), offered
excellent advice for parent, teacher and child. However, those who have
followed the work of Welford (1968), Elliott and Connolly (1974).and
Schmidt (1975) on the nature and acqgisition of skilled behaviour find
developmental lag proponents to be pr;bccupied with identification of
samples, to the detriment of the underitanding of process comﬁonents
(Keogh, 1978). A brief review of five of the major contr%butors with a

process approach to physiéal awkwardness follows.

The Information Processing Model

When Dare and Gordon (1970) wrote about clumginess as a disorder of
perception and motor organization, they alluded to the necessity of
efficient sensory receptors and effectors, accurate memory, sufficient
practice, selective attention, body awareness and concept formation, 1in
addition to a cerebrally intact organism for accurate skill performance.
They stopped short of saying that comprehension of motor skill
performance theory was necessary to understand the phenomenon of

physical awkwardness. Morris and Whiting (1971) on the other hand, made
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a strong case for wvhat they called the perceptual motor performance
model.

™he main concepts \mich wore developed originally by Welford (1948)
have been revised and rewritten many times (Adams, 1971; Schmidt, 1973,
Gloncfoao, 197¢; Singer, 1979). Very simply, the model describes a
process in which the organism receives and perceives input stimuli,
stores this information in an organized manner, generates appropriate
decisions based on suitable strategic plans and then modifies ihis
behaviour as a result of the feedback received from the resulting
performance outcome. By indicating the many problems which motor
impaired children could have within tposo Processes, the authors tend to
underscore the relative simplicity of the structural approach (i.e.,
deficit and devi}opmental delay) to physical awkwardness. After
convincing the reader that an information processing model is essential,
the authors go on to suggest that the application of the model is
extremely difficult. Although

ié serves the purpose of focusing attention on
the diverse subsystems involved in any skilled
performance, it also makes explicit the numerous
disturbances which can affect the functioning
of such subsystems or prevent the building up
of mediating processes vital to adaptive
behaviour. (p. 32)

Perhaps part of the value of Morris and Whiting's work lay with
their ability to objectively evaluate the state of the art. They
defined motor impairment as "the inability of an individual to perform
simple everyday tasks effectively in a controlled and coordinated
manner” (p. 15). They particularly commented on the arbitrariness of a

cut-off score in designating physical awkwardness, sirice the term really

was relative to what was expected of the child at a specific age, in
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his/mex onvtxomn§, "vm:.' teachers and peexs. The awthoss
indicated that the true magnitude of the problem of physical awkwardness
oould not be determined until a universal test existed which could
acocurately identify the sample. HRowever, since those motor skills
deemed essential or culturally desirable varied with tﬁ. population
being screened, construction of a suitable test remained a challenge.

Keogh accepted this challenge and made an effort to link motor
performance theory to practice in his tog,nrch. Earlier efforts (1966;
1968b), had dealt with the identification of awkward boys by
administering a motor performance test. He later concluded that
"performance data are limited in value when searching for underlying
mechanisms and their functioning” (1977, p. 65). More value could be
gained Keogh thought by observing the use of strategies, the types of
errors made, the degree of confidence shown, the speed of learning
evidenced, and the degree of right-left confusion displayed in a
performance than in the raw score attained. He‘put forward an
interostin§1concept of movement consistency and movement constancy as
necessary and interrelated processes in the acquigition of motor skill.
Movement consistency resulted with the acquisition of refined and
reliable movement skills for solving everyday living problems. Hovemen;
constancy was tho flexible use of these movement Qonaistencies in
solving novel movement skill problems (p. 80). The value in his
treatise on movement skill development was in relating information
processing theory to development. Both Bruner (1973) and Hogan and
Hogan (1975) had made progress in describing the feat:res of the

development of skilled action. The more sophisticated models however,

frequently omitted the development of skilled behaviour, and chose to
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(Glenczese, 1979). | .

In a later paper Reogh (1978) descCribed ROVEmeNRt CONSisStency as
sovement for self), and MOVEaSAt CORStANnCy AS BOveRent !ot'/othon. T™is
oconcept related directly to the degree of difficulty that spatial and
temporal cdnstraints place on m’ aocquisition of, and performance of a
motor skill as explained by Niggins (1978) and elaborated upon by Wall
(1982). Another aspect of Xeogh's work which had considerable impact on
the field was his isolation of particular psychological aspects of
movement behaviour which had previously been mentioned only as outcomes
of movement {Gordon, 196%; Gubbay, 197%). Thus he saw movement
confidence and participation confidence not oniy as outcomes of adequate

)
movement control, but also as attributes necessary in acquiring this
control. This concept has éonlidornblo importance for the management of
physically awkward children.

In more recent attempts to identify clumsy children, Keogh et al
(1979) have made use of a multiple measurement process rather than
relying on motor performance tests alone. They tried to isolate a
sample of pﬁylically awkward children by applying a motor performance
test, a teacher checklist of performance skills and movement behaviour
and an observation chccklilz of performance skills and movement
behaviours. In effect, the three processes identified three different
groups of children. It may be that the relative ineffectiveness of this
procedure is more a function of the complexity of the components of
movement skili than of the failure of these measures to 1d.nti£y\:ho

same children.
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) Just al:*oogh gll tried to provide a conceptual link between
dov.lop-.ntglflag theorists and motor skill porforn;ncc devoutees, Roy
(1978) made an excellent effort at integrating the deficit model with
infor-atisn processing theory. The essence of his very technical paper
}- a reclassification of apraxia intorthreo distinct forms, based on the
anatomical site of lesion,‘tho Primary and the secondary symptoms. By
viewing apraxia as a disturbance of a cognitive, information-processing
system in which one or more of several basic functions may be in
disarray, Roy develops these three classes: planning apraxia - or
cinability to properly plan motor:behaviour; executive apraxia - or
indbility go execute planned behaviour; and unit apraxia - or inability
to carry out isolated hoveﬁents. Roy makes an excellent case for the
study of apraxia as an important contributor not only in model building,
and treatment of apraxic patients,“but also in the training of skill
acquisition in intact individuals. It ippears that the question is not
the superiority or inferior;éy of one model over another, but the
contributions that each can make in an integrated attempt at defining

physical awkwardness}/Am»//

A final word on an integrated approach to physical awkwardness is
afforded in the recent work of Wall (1982). Although Wall illustrates
‘the role of genetic predispoéition and an experiential play environment
in developing the movement consistency first mentioned by Keogh, he
emphasizes that physical awkwardness is not readily apparent until the
child enters the school system. He defines.physically awkward children
as those children without known neuromuscular problems who fail to

perform culturally-normative motor skills with acceptable proficiency.

Wall points out the developmental aspect of skill acquisition by
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explaiaing the increasing complexity of task demands to which a child is
oxpccéed to respond, that is, the growth from "reaching for a rgttlo to
hitting a curve ball.” The child -.cti these demands by applying
increasingly more successful strategies in consistent, long term
practice sessions. F ’

Wall feels that the cognitive aspect of successful skill
acquisition is demonstrated through the work of Glencrgss (1978) on
levels of planning. Through practice, the more skilled performer, is
able to relegate more and more of his skilled behaviour from an
attention consuming, executive system level to a routinized, motor
program level, As the performer succeeds in this process he can free
more and more of his capacity to deal with the novel or more difficult
situations posed by his sport environment. The child who cannot cope
with increasing tas£|demands and is always performing at the executive
level, quickly finds himself in a frustrating, information overload
situation. Thus, those school time sports and recreation activities
which are supposed to be enjoyable, rewarding experiences for a child,
become for the physically awkward, a time of humiliation and
unhappiness.

Superimposed on the demands of classmates and peers are the
performance expectations of the family. Wall illustrates in his
description of one attempt to remediate the problems »f the physically
awkward how the expecZations of the family can be an effective tool in
developing a positive prognosis for the child.

The evolution of a definition of physical awkwardness is not

complete. It has been influenced by at least the three models

mentioned, and by varying methods of practicél application. It is hoped

EEE R



that further theorizing and application w;ll continuo and eventually
realize this gbni._ ’

Before gur;ing to a discus,ion 6f th§ telagionhhip betw'en-physical
awkwardness aﬁd iéafning disability, some of the problems eoncerning

physical‘aﬁkwardness and its measurement will be briefly presented.

- Measurement

In‘vie; of th; differing theoretical models which have just beén
outlined, it is interesting to note that on onebaspect of measurement,
consensus has been reached. Researchers are convinced not only of the
utility but also.of the necessity of a reliable test that can be used in
schools as a screening device fo; the iﬁitial identificafibn of cﬁildren
who have difficulty in learning and performing simple evéryday tasks
(Morris and Whiting, 1971; Gubbay, 1975; Keogh, 1979; Wall, 1582).
Despite the many tests which exist, and the recent attempts to devise
new measurement technigques, the literature is replete with criticism on
their lack of effectiveness.‘ In addition to the structural,
administrative, and theoretical difficulties of the tests themselves
(Wall, Terry and Taylor, 1981), weaknesses in reﬁearch design have
restricted interpretation of the results of othe;bise promising research
(Gubbay, 1975b; Henderson and Hall, 1981).

An extensive review of over 256 tests used in assessing the motor
behavior of disabled children (Lewko, 197» indicated thai the tests
were frequently used with populations for which thé& were not intended
by untrained personnel, who knew little about test standardization and °

norming procedures. The two most popular measurement devices cited in

the survey, The Purdue Perceptual Motor Survey and The Denver
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bevelopncnta1389reon1ng,Test, were criticized by frequent users as being
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too subjective in scoring and gen;rally ineffective in assessing quality

of perfornanéc. Additional evaluative wofk (nyex5—1976; Herkowitz,

1978, Baubenstricker, 1977) on g;hesé two tests, as well as the Lincoln-
Osetetskyvuotor Developnen€ Scale and the Bailey Scales of Infant
Development, has emphasized the prbbiems of insufficient ‘
standardization, weak reliabilityvand questionable validity. According
to Cronbach (1570), acceptability of any g?st demands that these-thre§
elements be beyond suspicion. At the very léast,'cautionary notes
should be placeé in the manual warning the administrator of the
weaknessé;-of the particular test.

 In addition to the struéturél and administrative problems which are
common not only to tests of motor impairment but also tb'me;éures of
academicyachievement and intelligence, there are some theoreticai
problems which are specific to motor impairment itself. Since users of
the screening devices are interested in the ability of a d to
perform culturally normative physical skills, the tasks ne to reflect
skills which are generally found in the performance repertoire of a
normal child (Lewko, 1977; Wall, 1982). These tasks must also attempt
to tap tﬁe moéor bghavior domain by including both fine and gross moto;
items with a range of task demands which mirrors the increasing demands
put on a developing child in a school environment. As Wade (19?7) so
aptly puts it, tests need to explore the inappropriateness of a
subject's response strategy if they are to satisfy the requirements of
prescr;ption and diagnosis. In short, effective measurement techniques

must be accurate ﬁonitors of development.
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FPoxrtunately, those who havo coun?ntod on the inadequacies of
present techniques are not Qithout luﬁqoltionl for their improvement.
Lewko (1977), who draws attention to the inherent weaknclics of

' sCreening tests, believes that as a single noauuté of a ch;ld'i
»‘bchAQior, they have lihitod value a; a measure of potential. 1In
addition, because of all of the confounding variables presont in a
testing situation (Lewko, 1977) and the ﬁecessary restrictions which are
plad‘d on the opporfunity for practicek(ﬁewe}l, 1977), he feels the
chahce»of a screeningbtest accurately monitoring culturally normative
skilled behavior'is rather remote. .Instead, he tecommends the use of a
>pzbfile analysis in which both functional and normative skills are
monitored. In addition, since it is known that behavior is a
cohtribhging factor (McKinlay, 1978), the motivation level and
éerfonance expeétancies of the child ;nd his/her parents should be
measured. nyer (1976 ) believes this analysis of psychological aﬁd
envirpnmentél influences makes ﬁhe difference between assessing and
evaluating.

More recently attention has been drawn to the observation of the
précess rather than the product components of physical performance
(Kieffer, 1977; Loovis, 1977; Herkowitz, 1978). Althoﬁgh the
instruments may differ somewhat, they generally involve the application
of a specific task analysis model in which the child's performance is
rated on a skill continuum rather than a pass/fail criterion. In
addition to acquiring data on a child's performance in relation to that
of his/her peers, hiss/her place on the continuum can be used as a

starting point for remediation.
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Miny of these aﬁgqootionl have been implemented in a clinic program
for physically awkward children which is described by wall (1982).
However, the feasibility of‘uaing such extensive measures in a screening
proéo-a, at le;;t foi the pteaont,~seenl limited. As previously
nnntioned, Gubbay (1978) and Keogh et al (1979) have developed a multi-
measurement process in trying to dircumvent the problems presented by
administering a single screening test. Recent work completed sy '
Henderson and Hall (1981) in England, has made some'additional_progreaa,
however, none of the studies is without methodologicé@'problema.

Both the Australian and American studies suffer from reliability
problems. Gubbay avoided computin§ any reliability.measures for his
screening test or his parent/teachervquestionnaire procedure. In
addition, he attributed reliability‘to the screening test on the basis
of the poor performances of the clumsy cﬁildren, even though the low
scofes were the basis for their selection to the clumsy group. Keogh,
on the dther~hand, realized the value of reliability measures, but was
unable to acquire.themrfor the teacher checklist and some performance
test items. His inter-observer agreement scores.iangéd from 0.59 to
0.87, indicating some weakness in the particular measure. It is
possible that the combination of these weaknesses thwarted .the attempt
to ideptify a single samplé of physically awkward children just as much
as the difficult hature of identification itself.

At first glance, the English stddy (Henderson and Hall; 1981) seems
to be on better footing. Teachers made the initial selection of 16 six
yearlold children from a population of 400 school children. A control
" group of 16 children matched on sex was éhosen and the following

measures were given to both groups: a motor performance test, a
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neurodevelopmental hxa-ination,‘tho Schonell Rnading,Toat and the
Wechsler Intelligence Scale for Children. The purpose of the study was
to compare the accuracy of the teacher's judgments withiaubjoctivo‘
Jjudgments of a“podiatric neurologist and a plychologi-t. Although no
correlations were reported the ncuroquist'a.dubjective evaluations had
an 89 percent agreement with the teacher*'s judgments. In addition, the
teacher's judgmen£ was éonfirnod in 26 cases by the neurologist's
evaluation, the motor berformance test and the neurodevelopmental
examination resuifs.

Unequivocal interpretation of these results is made difficult,
however, by the following: the initial selection of,subjeqtq bx the
teachers was made after a year of discussion with Hénderson on what
constitutes handicapping clumsiness; the neurologist made nis subjective
evaluation after administering his neurodevelopmental test; many items
Bn the performance test and the neurologicai teét were identiqal; in
short, contamination of the 'different’' selection methods is apparent,
The value in the study lies instead with the ability of Henderson to
instruct the teachers to recognize handicapping clumsiness in the first
place. 1In addition, her description of the group characteriétics 15
invaluable.

In‘spife of the limitations outlined thé_three studies mentioned
represent the culnination‘of twenty years of research on three different
continents. Not surprisingly, the? were a major impetus for tne present
study and a;e lasting contributions to our incrgasing knowledge of the

nature of physical awkwardness and the difficulties encountered in

attempts to measure it.



. Physical Avkwardness and Learning Disability

 when one reflects upon the problems of dof;nition and loalﬁreqont
encountered by r‘-caxdﬁozl in the tiol& of physical awkwardness, it is
intorolti;q ta note the Qxilt?ﬁco of similar difficulties in the
research on learning disabiiities (LD). 'gﬂncp the announcement of the
proposed definition in 1967 by the National Advisory Committee on
Handicapped Children to the adoption. of theldefinition'in the Education
for all Handicapped Childrep Act of 1975, resea;chérs have been
wrestling with the concept of spe;ific learnin§>disability (Keogh,
1982). Before one couid even consider the many methodological questions
which‘develop in attempts to study children with learning problems, the
question of definition must be dealt with. 1In general, the difficulty
lies in a definition of exclusion. The proposal.put'fofward in Public
L;w 94-152, was designed to provide specific funding for the gducétipn
‘of a specific group. However, .when this specific grbup is comprised of
childien with normal intelligence who have learning‘problems*in one §r
more of the basic psychological prbcesses; which are not due to visﬁal,
hearing or motor handicaps, mental retardation, emotional disturbance,
and cultural or economic disadvan£age,~the%question still remains. Who
are these.children?r ‘

! Complications are added to the problem of definition wheﬁ one
considers the number of different disciplines doing investigative
research on learning disabilities. The theoretical leanings of a
pediatric neurologist, an educational psycholqgist, and an opthamologist
will tend to dictate the particular childréh which each includes in
his(her_study of children with lgarning disabilities. Barbara Keogh has

emphasized this problem in a recent review of 408 studies on learning
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disabilities (Keogh, Major, Omori, Gandara and Reid, 1980). She
catalogued the use of over 1,400 diiqnosfic techniques in these studies.

. .

In addition, of some 48 measures of IQ used in the selection of
subjects, only three IQ tests w.;o used more than eight times. Both
Torqoaoh (1975; 1978; 1982) and Keogh (1982) are in agreement. The
questions of who and.what to study remain paramount, despite the
attention each has received in the literature.

-In addition to the problems of accurately defining the research
sample once i£ ia‘decidod who ahbuld be included, Torgeson has
empﬁasized that the heterogeneous nature of children experiencing
learning problems necessitates doggéd'attention to the identification of
rationally defined subgroups if any meaningful conclusions are to be
drawn from LD research (1962). 1In selecting these subgroups éne must
“take into consideraﬁidn: the use of clinical 6r non—-clinical samples;
the age group to wﬂichvﬁhese descfiptors aré specific; the construct
validity of the dependent variables; and the need for manipulation of
psychological processes. Most important is the development of a planned
series of studies which involves the system;tic manipulation of
dependent.variables based on sound hypotheses developed from previous
research,

In a recent study on attention and the disabled reader, Lupart
(1981 ) contended that in}addition to providing a detailed definition of
the sample, researcherg in learning disabilities should: define the
nature of the processes they are investigating, ie., either structural
or control; and develop research paradigms which are ecologically valid.

She pointa out that those who are interested in the structural features

of an organism are concerned with the labeling or identification of
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special groups, whereas those who concentrate on control processes are
®Ors interested in the remediation of the groups” problems. Although

ono-woula not argue with her interest in developing a fruitfui liaison
betwgon laboratory and classroom for the purpose of remediation,

concentration on control processes does not guarantee successful or even

‘*.\_\

bottor‘rc-.diil programs than presently exist (Torgeson, 1982),
Perhaps, as was evident in reviewing the reséarch on physical
awkwardness, there is some merit to an eclectic approach in LD research.
Keogh (1982) may be alluding to such an approach in her pPlea for
more multivariate research. As she points out, researchers are trying
to solve the problems of a multivariate world with a univariate
approach. Her particular concern is for work on the motivational or
affective component of learning difficulties. Even when sample
characteristics are carefully defined, it is obvious that no two
children exist in exactly the same environment of motivation and
Performance expectation, Information on these aspects of a child's
behaviour could be just as important to remediation Programs as
knowledge of the processing diffic;lty. Another aspect of the current
research which bothers Keogh is the inference of sex linked differences
in performance with little data based proof. 1In her review of the
literature (Keogh et al, 1980) 50 of 408 Studies used all male subjects,
two used all females, and in the remainder the male to female ratio
ranged from 4:1 te 20:1. Hence her conclusion, "we know a good deal
about learning disabled boys; we know very little about learning
disabled girls; and, our generalizations about learning disabled

children are tenuoug" (p. 40),
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Not only do researchets in the two fields share similar
definitional, fheorotical and methodological problems, they also share a
common research sample. As previously do-onltratod ’1n clinical
descriptions (Orton, 1937; Spillane, 1942; Gesell and Amatruda, 1947;
Prechtl and stoﬁner, 1962 ) there is evidence for the conconftlncc of
impairment in academic achievement (in this case, reading) aﬁd physical
8kill performance. Ihdeed, according to Mellor (1980), clumsy children
are more oféen referred to the psychologist under three common guises:
learning difficulties, behaviour problems and psychosomatic aches and

o
pains. The most extensive study which illustrates this concomitance of-
lga;ning difficulties was carried out by Rutter, Tizard and Whitmor;
(1970) on the Isle of Wight. The aim of the study was to give a'
comprehensive picture of handicap in a total population of children who
lived in a defined geographical area and who were in the middle years of
their schooling. The authors defined handicap as "any disability which
impedes the child in some way in his daily life" (p. 6). Working in
this broad framework’ they concluded that one child in six had a chronic
handicap (present for more than a year) of moderate or severe intensity.

The Isle of Wight study is particularly applic;ble to the present
study because of the similarity of screening techniqﬁes and subject
ages. From a total sample of 3,468 children aged 9 to 12, they were
able to isolate 86 children or 3.7 percent with specific reading
retardation. As a group they exhibited a mean Wechsler IQ of 102
(SD=15), but performed considerably below their expected reading rate.
Other notable characteristics included a more than 2:1 male go female

ratio, a significant degree of clumsiness as measured by the Lincoln-

Oseretsky Test, three times the incidence of children with poor motor



control and short attention span as the gontrol §roup, and problems with‘
right-left differentiation of body parts. These results led the authors
to conclude that reading difficulties were associated with abnormalities
of motor function. They also offered the hypothesis that clumsiness nay
be less evident than language defects in olaor children with reading
retardation merely because motor development proceeds faster than
language development.

In addition toltho evidence of reading and motor problems in the
general population, a certain proportién’of cliﬂygal subjects also *
experience these difficult;es (Gubbay et al, 1965). The authors
reported that six of the 21 children referred w;ih apraxic disorders
displayed a concomitting problem in reading. A similar finding
résulteﬁ from Gubbay's screening of 992 normal school children (1975b).
Of the 56 children designated as clumsy, 12 had reading quotients below
80. The picture is clouded in both studies however by a lack of control
on sub 80 IQ scores within the clumsy sample.

Perhaps Hendexson's (1981) study sheds more light on the problem of
heterogeneity which plagues both these disciplines. She found that
eight of 16 children in her clumsy sample displayed poor reading ability
as measured by the Schonell Reading Test. 1In atteméting to create
rationally derived subgroups out of the results of her screening
Procedures, Henderson arrived at three different groups. Group one
consisted of children with above average intelligence who did well
academically but displayed isolated and relatively severe motor
impairment. Group two contained five pf the poor readers. They had
IQ's at the lower end of the normal range, had poorQAEademic attainment

and numerous other problems. Group three represented the remaining
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subjects wvho were not' readily categorized because °f, a mixture of
abilities arnd a wide range of scores. Three of the disabled readers
were in this group.

In om:lhinq the question °f concomitance from the viewpoint of
learning disorders, Boshes and Myklebust (1964) found that of 85
children .tofozrod because of poor comprehension, reading and writing
skills, there were frequent complaints of awkwardness and a lack of
proficiency in learning to play. The children who ranged in age from 7
to 18 had few emotional problona and were within the normal IQ range.
The authors were unsuccessful in attributing any of the performance
problems to suspected neurological damage, although they did find some
differences in strategic behaviour between groups displaying signs of
brain damage, and groups without these positive signs.

Critchley (1970), on the other hand, preferred to think that
disa%led readers who also displayed clumsiness were victims of a
ngéiopmental disorder or positive family history, rather than a minimal
brain damage syndrome. He acknowledged "inordinate clumsiness” in 34 of
125 children examined in his clinic, but suggested that it occurred in
very young dyslexics who would eventually grow out of thg problem. 1In
cases where dyslexia could be unequivocally explained by brain damage,
Critchley conceded, awkwardness, especially of the fine motor type, was
very common.

Bradley (19680) takes exception to this view and suggests that often
clumsy children are referred so late that they have already developed
some reading competency. Because they can read, their clumsiness is
ignored or simply not noticed. Prom her clinical work, Bradley

concludes that "the clumsy child is likely to have problems with
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organising his sovements, attention, concentration, wvhat hq wants to éo

and what he vants to say” (p. 139). She viewvs awkwvardness as a problea

which affects not only reading, but also speech and writing. gn an
analysis of the Clumsy child's difficulties in spelling, Bradley
indicates thaé wvithout the benefit of an automatic motor memory, the
clumsy child approaches each task as a nev one. S/he is always
performing at the executive level (Glencross, 197¢). By providing a

structure in these situations, which the child is unable to develop on

his/her own, Bradley has succeeded in routiniging for the child some of

the steps rcquixcd‘in learning to spell, read and write.
In addition to the above research which has loocked at the problem

from either a motor or a reading perspective, four recent studies have

directly congsidered the q,.'tion of mo roficiency and learning

)

disability (Bruininks and Bruininks, loy and sattler, 1979;

Steinberg and Rendle-Short, 1980; Kendry

]

and Hanten, 1980). Results

from each study indicated that the learning disabled group performed

more poorly than Controls on a variety of motor tasks. Unfortunately,

pProblems of sample description and construct validity make acceptance of

the findings difficult. Three of the studies did not report I1Q's and

gave little information on the control group other than age; one made no

mention of sex ratios or the criteria for determining learning
disability,; one in testing children aged 8 to 11 recorded no
relationship between performance and chronological age. It is apparent
from these studies that some guidance in developing useful research in

this area is needeq.

With regard to sample selection and definition, Keogh's UCLA Marker

Variable Project (1980) provides a straight forward and yet degpiled

&
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list of descriptors which need to be accounted tof before research can
voithor be evaluated or embarked upon. If one then superimposes
To;goson'l model for reaoa:ch in learning disabilities onn this guide
to defining a ;:;plc, a resulting increise in utility of findings seems
almost assured. Biiefly, To;beson has developed five steps to effective
research. Step one involves deciding which children to study. Step
two, requires the specification of an operational definition by which
subjects will actually be selected. To;geson emphasizes thatfﬁn

- operational definition should involve reliable assessment by repl:i-able
procedures and be sufficiently broad as to exclude unwanted sources of
vafiation (eg. low IQ;s). Step three of h;s model requires
experimentation to identify the nature of the processing deficits wt..ch
characterize the target group. 1Included in this step is the description
of group homogeneity with'regard to reasons for failure on the Ccriterion
task. If, in addition, the variables which affect performance on this
task can be identified, then syStematic manipulation of these variables
would lead to a discovery of ways to improve performance.

Tﬁe major purpose of step four is to establish a relationship
between troublesome academic éasks and failure on the experimental task.
Step four necessitates the pairing of LD children who have a particular
problem (eg. physical awkwardness ) with both normal chi}dren and LD
children who do not have this pProblem. The ultimate goal in step four
is to gain a more complete understanding of how the basig Processing
deficienciis of the target‘group affect their performance‘on academic
tasks. Once these Processing deficiencies can be categorized, steg‘five
directs research to develop remedial programs that are resp&%ﬁive to

these dificiencies.



In summary, it is evident that investigative efforts concerning the
learning disabled and the physically awkward could be much more
effective if they emulated the guidelines of Keogh and Torgeson. It is
the goal of the present study tQ"efore, to: systematically define a
research sample of reading disabled and control subjects; apply an
operational definitioﬁ of physical awkwardness by the use of reliable
and replicable measurement techniques; and identify one or more sub
groups who have common problems in motor skill performance. When one
readlizes that this goal stops short of step thigg, the immediate
reaction is to apologize for the purely descriptive nature of this
stu;;. Additional justification may be afforded the study by the
following remarks of Torgeson, “"the greatest usefulness of research may
not be in the construction of specific remedial techniques, but in the
contribution which it makes to the cataloguing and proper description of

the variety of human abilities” (1975, p. 433).
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CHAPTER 3

METHOD

Sample

The sample under study was chosen from all children in grades
three, five and seven in thg Edmonton Catholic Schoo1 éystem. The
contrsl group was selected from nine city schools, three each
representing ; high,'middle and low socio—economic status asbdetermined
by the school system. All children ;;}e first selected on the basis of
age, that is, if their birth dates fell between February 1973 and March
1954; February 1971 and March 1972; or February 1969 and March 1970,
they were included in the pool of 8, 10 and 12 yegt old subjects.

Following this initial selection, children were retained for the
sample if their full scale IQ scores, as measured by the Primary Mental -
Abilities Test (grade three) and thé Canadian Lorge—%%orndike'test
(grade four and seven), were within the normal range (85-115). 1In a few
instances it was necessary to include children with IQ scores which
exceeded 115 in order to complete the sample. A recent éﬁudy done in
the Edmonton Catholic School System (Tomko, 1981) gives subbort for the
comparability of the Primary Mental Abilities Test and the Canadian
Lorge~Thorndike. The succeéssful use of the Lorge-Thorndike as a
screening device for leérning disabled children has also been reported
by Baker and Kauffman (1978).

In addition Sg{ﬁio age ana IQ éonstraints placed on the control
group({subjects wgéu eliminated from the study if they had any obvious

physical or weuromuscular handicap; gross behavioural pProblem;

predominant second language; or detected reading difficulty.

e~
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The reading disabled sample was chosen from 40 of the 52 schools in
the school system in accordance with the above criter;a, with the one
excepti&ﬁ of reading level. The subjects were screened for reading
difficulties by use of the Tinker-Bond formula (Brosseau, Fox and
Romaniuk, 1977) which‘employs IQ scores and the number of years in
school to determine an expected reading rate. This expected rate is
then compared to the aétual score achieved on the Canadian Test of Basic
Skills. Children are auto-atlena&y identified as reading disabled if
they score one third below Ei‘&;‘*xﬁq;ted reading rate. For this study,

' all children with an additional negative .5 rating or higher were chosen
in an effort to secure a £ruly representative reading disabled group.
In actual reading age, they were approximately two years or more below
.their expected reading level_(see Table 8). As a final check, the

resource room teachers were asked to verify the reading difficulties of

2d

"#11 potential subjects.

Once parental permission was obtained for all of the participants,
distribution of the subjects was equated by sex. The resulting research
sample is described in Table I. The mean ages were calculated as of the
test date for each individual because of the three month break in test

administration between groups.

Ratsbnale for Test Battery Selection

It was the intent of this study to apply a test of motor impairment
which could satisfy the requirements of reliability and validity
mentioned by Lewko (1977) and Cronbach (1970) while still measuring

tasks which could be considered Cculturally normative (Morris and

Whiting, 1971; Wall, 1982). As previously mentioned; Torgeson (1975)
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TABLE I

Sample Characteristics

a ' b
Total n Mean n Mean IQ
. ‘ Chronological
‘ Age
Years-Months . Fullscale Score
Group m f (S.D. in months) m f : (S$.D.)
- Grade 3
Control 22 21 8-4 (3.7) 19 17 111.1 (7.2)
Reading ‘ -
, Disabled 25 20 8-5 (4.0) 25 20 105.1 (8.9)
Grade 5
Control 22 21 10-4 (3.2) .20 19 110.4 (11.5)
Reading
Disabled 20 19 10-6 (3.5) 20 19 95.23 (7.9)
Grade 7
Control 21 21 12-2 (3.1) 15 18 110.4 (10.9)
Reading
Disabled 13 15 12-6 (4.0) 7 6 98.7 (7.7)

aNumbers represent sample for which IQ scores were available,

b
Grade 3 means were computed from the Primary Mental Abilities test.
.Grade 5 and 7 means were computed from Pullscale scores of the /
Canadian Lorge-Thorndike. \

3,
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has recommended the»enploy-ont of widely used, well known tests over the
administration of unique measurement tochniques., With the above

_ : , !

qonoid’rations.in mind, ﬁhe stott.Tcat of Motor Impairment (1972) was
iglected for this study. . j

In reviewing the thtu presently available, it became readily
apparent that none of them completely satisfied the identified
requirements. The Stott Test however, had a well organized manual with
detailed descriptions of the 5 revisions which had been made, and the
rationale employed for making these changes. 1In addition, the test had
undergone several reliability checks (Keogh, 1968a; Moyes, 1969) and
during its revision and norming was administered to 657 childrén,aged ]
to 11, and 854 children aged 6 to 15 (Stott, Moyes and Henderson, 1972).
The test-retest reliability coefficients varied from .71 in Keogh's
study to .93 in Moyes' study.

Whiting, Clarke and Morris (1969) failed in two validation attempts
to gain significant agreement between test scores and pediatric
diagnosis, or test scores and identification by teachers, parents or
Vpsychologists. Moyes, on the other hand, reported a fetrachoriC'
correlation of .85 between test scores and teachérs' detailed
asgsessments. Stott provided additional support for the validity of the
test in his study of the concomitance of behaviour disturbance and motor
impairment (Stott and Marston, 1971). In view of these findings it

seemed advisable to investigate the test further in a pilot study.

Pilot sStudy

The pilot study was performed on one hundred and fifty, 8, 10 and

12 year old children in three elementary schools in the Edmonton Public
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School System. The sample was equated for sex, with 25 males and 25
females at each age group. Children were administered ﬁhe Stott Test of
Motor Impairmont with some modifications ﬁnd a dodge run task used in a
previous pilot study (Taylor, 1980). Thé stddy was conducted in order
to: , develop a uniform training anad testiﬁg procedure; verify the
suitabiiitf of the test itemh for assessing motor impairment; indicaté
the time necessary to adequately test children in a échool environment;
and measure the test-retest reliabiiity over a one week interval.

In an effort to develop tester consistquyfféix graduate students
undérwent‘a training procedure which invc;yed reading the manual,
writing a multiple choice test, adminis;ering the test to peers, and
then agsessing normal children. It became ébvious during this procedure
that practice in administering the test was the most valuable aspect of
the training procedure and should be given ﬁore congideration.

The Stott mangal was supplemented by verbal instructions for each

- 14
task. All tests were standardized at three trials and testing was
‘discontinued after a successful attempt. Performance score means were
therefore calculated on best scores rather than averagé scores. The
shortened version of the test was employed so that only those items
thch a child failed were retested at a lower age level., Except for
minor additions and clarifications, the changes to the manual were
considered“desirable. J

.Suitability of the test items was determined in several ways. The
?bility of a test to differentiate between subjects was of prime

;/consideration. Using the cut-off scores out:::- - by Stott, 10.6 percent
and 10 percent of the sample were identified as physically awkward by

the first and second administrations of the test. These incidence
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figures compare favourably with the literature (Stott, Moyes and
Henderson, 1972, Keogh, Sugden, Reynard and Calkins, 1979). However
‘some probleﬁ- were evident with the fine motor simultaneous and
successive tasks at age iz. The successive task failed to identify any
physically awkward children. The simultaneous task suffered from
questionable reliability since testers experienced difficulty ip
asgessing simultaneity. In addition both tasks were highly susceptible
to practice effects. The suitability of these tasks was therefore
strongly questioned. N

A particular concern arose over the hierarchical’arrangement of the
ball skill tests, and the possibility of differences in performance
occurring due to sex. ' Specifically, it was felt that the tﬁrow and
catch test (8 year level) contained a higher degree of uncertainty than
the one hand catch (10 year level) and would therefore be more difficult
fér 8 year olds to perform. These hypotheses were tested by
administering the three ball tasks; throw and catch, one hand catch, and
target throw to All children. ‘

Comparison of the mean scores for each age group supports the
contention that boys perform better than girls on these tasks (Table 2).
Similarly, the throw and catch test proved to be more difficult for the
8 year olds than the one hand catch. Testers also indicated that
success on the one hapa catch varied markedly with the accuracy of the
tester’'s throw. It was decided therefore, to discard the one hand catch

test and to consider the sexed as separate groups when doing further

analysis of ball skills.

3



Mean Performance Scores on Ball Skill Tests

TABLE 2
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GroupA Throw and One Hand Oone Hand Target Throw
catch Catch(R) Catch(L) .
Age 8
Females Pre 2.8 (2.5) 4.9 (2.8) 5.1 (2.9) (1.3)
Post 3.9 (3.0) 6.9 (2.4) 6.3 (2.2) (1.4)
Males Pre 4.8 (3.3) 6.3 (3.3) 6.1 (3.2) (2.1)
Post 6.2 (3.0) 7.1 (2.4) 7.3 (2.3) (1.9)
Age 10
Females Pre 6.8 (2.4) 7.2 (2.3) 7.3 (2.4) (1.9)
Post 7.6 (2.4) 8.7 (1.4) 8.1 (1.8) (2.5)
Males Pre 9.1 (1.3) 8.6 (1.8) 7.9 (2.2) (1.8)
Post 9.3 (1.2) 9.0 (1.3) 8.2 (2.5) (1.8)
Age 12
Females Pre 9.1 (1.4) 9.3 (1.2) 8.9 (.97) (1.9)
Post 9.0 (1.6) 9.4 (.64) 9.3 (.73) (1.5)
Males Pre 9.6 (.96) 9.6 (.71) 9.6 (.71) (1.6)
Post 9.7 (.62) 9.5 (.77) 9.5 (.71) (2.2)

AN- 25 for each group

»
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Even though the testers' expertise improved as the study continued,
the time to administer the Stott Test with the modifications mentioned
and the additional dodge run task, varied from 20 to 45 minutes for. each
individual. The test time increased with the increasing awkwardness of
the subject. It was considered advisable to selectively limit the
number of tasks so that the test time could be reduced without
substantially affecting the quality and quantity of the information
gained from the asse?sment.

Results of the test-retest reliability procedure were mixed.
Correlation coefficients for those tasks which were retained in the
battery are reported in Appendix A. Since the correlations varied from

.10 to .83 it was necessary to make some compromises with respect to
reliability. The best discriminators of awkward behaviour were the
balance tasks, the ball skills tests and the fine motor tasks (at the 8
year level)., Similar -findings were reported by Morris and whiting
(1971). They also found a .95 correlation between results on these
three tasks and the total score. It was therefore decided to retain
these tests as the basis of thivzsst battery.

In addition, the dodge run was included because it of fered an
opportunity to observe strategic Sehaviour, had good reliabili.& and was
of a culturally normative nature. The controlled jump was retained
becauge it allowed observation of the reaction to risk and of the
ability to discriminate right from left. ~Since the one hand catch task
had been previously eliminated a throw, clap and catch task by Gubbay

(1975) was introduced in its place. This task eliminated the problem of
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tester accuracy since the child threw the ball up him/herself. Gubbay
also reported that this task was highly related to the severity of

impairment. A

The test battery which emerged tio- this pilot ltudf consists of
ten items. Although these ten tasks do not exhaust the motor
performance domain, they appear to be the most suitable and quick
screening tests available for the identification of physically awkward
children.

-

Motor Performance Test Battery

A brief description of the test items follows. Detailed

information on each task is found in Appendix B.

Area of Méasurement Task Description
Upper Limb 1. Throw and Catch
Coordination ¥

The child executes an underarm éhrow of
a tennis ball to a wall 8 feet distant.
The ball is thrown with the preferred hand
and caught with both hands.

2. Target Throw

The child throws a tennis ball at a
circular 12 inch wall target from a
distance of 10 feet. The ball is thrown
with the dominant hand in a manner

preferred by the subject.



Pine Motor
Coordination

Lower Limb
Coordination
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3. Throw, Clap and Catch
The child throws a tennis ball in the

air with the preferred hand and catches it
with both hands. If successful s/he
repeats the task executing a clap before
catching the ball. The task is repeated
until 4 claps are completed and the ball is
caught with the preferred hand, or until
failure occurs after three trials.

4. Board Lacing

The child laces a 6-holed board with
one or both hands as quickly as possible.

5. Peq Board Right and Left

The child places ten plast: ~48 1n a
12-holed board as quickly as possible. The
task is performed with preferred and non
preferred hands.

6. Stork Balance Right and Left

The child maintains a stationary pose
while standing on one foot for 20 seconds.
The other foot is placed on the supporting
knee and the hands are on the hips. This

task is performed on right and left feet.
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7. W 00/ h t

The child balances on a 4 inch wide
board for 10 seconds. The task is
performed on preferred and non pr‘i.trod
foot:

8. Narrow Board Balance Right and Left

/;ho child bajances on a 1 inch wide
keel of a balance board with the preferred
foot for 14 seconds. S/he then performs
the task on the non-preferred foot.

9. Controlled Jump Right and Left

The child jumps over a knee high cord.
S/he takes off from two feet and lands on
the preferred foot. The task is repeated
with landing on the non-preferred foot.
10. Dodge Run

The child runs a zig-zag course around e
four traffic cones placed at 8 foot

intervals, as quickly as possible.

Training Procedure

N
#,

In an effort to assure a uniform assessment procedure, 12 graduate
A, *%4.
and senior undergraduate students underwent four training sesiioqsigs

4
outlined in the Test Manual (Appendix B). The students were reguirxed to

read the manual and watch a demonstration of the test adminiafrihidn.

#
During the demonstration they were encouraged to ask questionéé A

LS
concerning any procedures which they found unclear. After db&?bfing an
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00 pexcent or better socore on the .-ult'iph ?choaoo test in the manual
they administered the test to a peer as many times as possible.
’

The third session involved a more d¥tailed instruction of the
measurements required for the dodge run course and the procedure for
testing ball skills. Immediately following this instruction, the
trainees were required to administer each part of the test battery to a
peer while four graduate trainees rated their testing ability (Appendix
B). The comments and concerns of the trainers were discussed with each
student after s/he completed the test.

On the final training day the students administered the test
battery to three normal children who were not involved in the study.
During the tbltinq, obvious errors in procedure were verbally corrected
and the students repeated parts of the test with which they experienced
difficulty. Prom these observations and the ratings provided by the
trainers, ﬁhe students were assigned either to administer the dodge run
andgball skills, or the balance and fine motor items, depending on the

expertise they displayed.
- . ‘ L

‘L&.Teating Procedure

o™,

The control group was assesged during a th;ee week period 1in
November of 1981. The reading disabled group was assessed during a five
week period in February and March of 1982. All of the subjects in the
study wereftegffﬂ in their own school gymnasium on an individual basais.

/
No attempﬁ was made to alternat€ the order of the test presentation as

in most gituations where more than one subject was assessed, a natural

alternation occurred between gross motor, fine motor and balance items.

Where only one subject was assessed s/he was administered the fine motor
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tasks first. The total testing time for each individual subject was 20-
25 minutes.
™ _

The scores were recorded as the number of seconds to.the nearest
tenth of a aec&nd on all timed éauks.‘ The bail skills wére measured by
the number o(\?uccellful catches or target hits. On the throw, clap and
catch task the attempts were rated for success on a scale from 1 to 7.
In addition to the numerical scores, the testers were encouraged to make
& note of any unusual strategies, task difficulties, or specificferrors
which they observed in the course of aﬂministering the test. A more
detailed description of verbal testing instructions and administfation
procedure is provided in Appendix B.

As part of theAinterdisc;plinary nature of the study, a common
sample o;‘children were administered the Schonell Graded Reading Test
(see Appendix C). The results of these tests were included in this

study as confirmation of the reading difficulties experienced by the RD

sample.



CHAPTER 4

RESULTS AND DISCUSSION

e

The means and standard deviations which resulted from performances

by each group on the test battery are given in Tabg Examination of

_the group performance on each task reveals a gej Oon every
task except the dodge run the performance of the«te#ding disabled (RD)
group was poorer than that of the control group. In addition, these
d1fferences reached significance on 11 out of 15 tasks. For ease of
understanding, results from each group of tasks, upper limb

coordination; fine motor coordination; and lower limb coordination, will

be considered separately.

Upper Limb Coordination: Results

Group performance differences were examined using a 2 (groups) X 2
(sexes) X 3 (grades) analysis of variance with the st of successful
trials on the throw and catch, target throw, and throw, clap and catch
as dependent variables. The results of this analysis are presented in

Appendix D. The significant main effects are illustrated in Table 4.

Throw and Catch

A significant main effect for sex, F (1,228) = 26.643, p <.o§o, wasg
obtained as well as a significant sex by grade ordinal interaction, F
(2,228) = 6.683, p «.002., Simple effects tests (Winer, 1971, p. 449)
determined that the interaction was due to the significantly lower

scores obtained by the grade three girls when compared to the grade

56
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TABLE 3
R Nad
Mean Performance Seores on Test. Battery \
For Reading Disabled and_Control Groups
N
Dopendeng ‘Contrpl ‘ Reading Digabled
Variable Group Group
i (SD) (SD)

_ Throw and Catch 11.2 (4.20) - 10.0 (4.47)
Target Throw 7.3 (3.10) \ 6.9 (3.07)
Throw, Clap ‘and
Catch 6.0 (1.32) 5.3¢ (1.50)
Board Lacing 16.54 (2.27) 17.48 (2.55)
Peg Board Right 16.13 (1.25) 17.06 (1.37)
Peg Board Left 18.41 (1.72) 19.42 (1.56)
Stork Balance . .
Right - : 17.16 (1.28) 16.15 (1.79)
Stork Balance . '

Left 17.22 (1.49) : 15.84 (1.99)
Wide Board N

Balance Right . 7.72 ( .53) 6.88 (1.27)
Wide Board )

Balance Left 7.39 ( .71) 6.45 (1.01)
Narrow Board ‘

Balance Right 10.17 ( .67) 9.42 (1.38)
Narrow Board §$§ x

Balance Left . 10.39 ( .91) 8.78 (1.84)
Contryolled Jump

Right 3.31 ( .S55) 2.46 ( .74)
Controlled Jump

Left 3.32 ( .52) 2.40 (1.01)
Dodge Run 6.54 ( .38) 6.33 ( .39)

a'I‘he first three variables are scored as number of correct catches, or
target hits. The remaining scores are recorded in seconds.

b
n = 128.

®nh = 112.
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TABLE 4

Significant Main Effects
Deriveq from Anova for

Upper Limb Coordination Tasks

Independent Variable

Dependent Group Sex Grade
Variable
- x L& & &4 XX XK
Throw and Catch - . 051 .000 .000
. t 8 & & 4 L & &
Target Throw .734 .000 . 000
KKK x Tx XK
Throw, Clap and Catch . 000 .054 . 000
R -
p <.05
XN
B <.01
b & 4
P <.001
e 8 & 4
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thro: boys, t (228) = 5.931, p <.0005. "The spread in scores between
sexes decreased to marginal significance, t (228) ~ 1.613, p, <.10, at
grade five and waa‘not'aignificant at grade seven.

Groups main effects, similarly yielded a significant P ratio, P
(1,228) = 3.854, p <.051. Group by grade comparisons are presented in
Figuxe 1. T-tests on group by gradg_mean differences indicated a
significantly poorer p?rformance by RD children compared to controls at
grade three only, t (228) = 2.42, p «.01.

‘A highly significant main effect for grade, P (2,228) = 101.880, P
<.000, was evident whereas no significant interaction occurred.

Multiple comparisons of grade means using the Neuman-Keuls procedure
revealed a significant increase in performance from grade three to grade
seven, Q (228) = 19.76, p <.01, from grade three to grade five, Q (228)
= 13.95, p «.01, and from grade five to grade seven, Q (228) = 5.81, p
<.01 (see Appendix D).

The interpretation of the results in Table 4 must take into account
that the sex main effects were due to a significantly poorer performance
by the grade three girls, and the group differences were a result of the
poor performance of the grade three RD children. However, the grade

main effects show that the throw and catch test clearly tapped

performance differences at each grade level.

Target Throw

Regults of the analysis of target throw scores can be found in
Appendix D. A significant main effect for sex was obtained, F (1,228) =
31.778, p <.000. Post-hoc t-tests on sex by grade comparisons indicated

significant differences betwee:r performances of girls and boys at grade
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three, t (220) = 4.56, P <.0005,;;;ad0-fivO, t (228) = 3.245, p ¢,005,
i |
and grade seven, t (228) = 1.81, p <.05. . |

The main effect for group was not significant. Gzoué by gr;de
comparisons proaon?stain Pigure 2 reveal an essentially similar‘
performance by RD aﬁﬂ);ontrol children on the target throw task.

A h&ghly significant main effect for grade, F (2,228) = 66.985, p
<.000, was eviden‘ whereas no significant interactions occurred.
Multiple c§mparisona of grade means using the Neuman-Keuls procedure
revealed a significant increase in performance from grade three to grade
seven, Q (228) = 15.67, o] <.01, from grade three to grade five, Q (228)
= 11.28, p <.01, and from grade five to grade seven, Q (228) = 4.39, p
<.01 (see Appendix D).

In summary, although no group differences resulted from anaiysis of
target throw performances, the boys performed significantly better than
the girls at every grade. 1In addition, performance means increased

significantly with age.

Throw, Clap and Catch

Analysis of throw, clap and catch scores yielded_significant main

3
effects for all independent variables (see Table 4). The main effect
for sex, F (1,225) = 3.744, P <.054, was investigated further using a
one—tailed interpretation of t-tests on the mean performances of girls
and boys at each grade level. These tests indicated that grade three
boys performed sigr¥ificantly better than the girls, t (228) = 1.71, p
¢<.05. This difference'in performa‘ce reached marginal significance at
Al :

grade five, t (228) = 1.53, p «.10, and became non significant at grade

seven. ”
-ﬁ
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The significant main effect for group, gﬂﬂ1,zzs> = 14.571, p «<.000,
was supported by post-hoc t-tait- on the group by grade results graphed
in Piguré 3. The RD children were significantly less proficient in the
throw, clap and catch test than their control counterparts at grade
three, t (228) = 2.90, p <.005, grade five, t (228) = 1.69, p <.05, and
grade seven, t (228) = 1.97, p «.025,

2

In order to determine the specific nature of the highly sggnificant
main effect for grade, P (2,228) = 59.615, p <.000, the Neuman-Keuls
procedure was utilized (see Appendix D). Significant performance
differences occurred between grade three and grade seven, Q (228) ="
15.234, p <.01, grade three and grade five, Q (228) = 11.406, p «01,
and grade five and grade seven, Q (228) = 3.828: p <.01. ’

A clear interpretation of both group and grade differences is
therefore afforded by results of the post-hoc tests. The superior

performance of the boys on the throw, clap and catch test was

significant at grade three only.

Upper Limb Coordination: Discusgssion

In general, the results of performances on thése three tasks lend
support to the predictions made concerning sex and group differences.
As postulated in Hypothesis 1-2, the boys' scores for both throwing and
catching tasks significantly exceeded those of the girls. Although
Stott, Moyes and Henderson (1972) did not confirm these findings in
their norming of the original test items, the pilot study resu;@é
presented in Table 2 indicated that such differences could be_gXp@cted.

Specifically, the 8 year old boys excelled on all three tasks,tand these

significant performance differences were maintained at age 10 and 12 on
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the target throw. This finding is also comparable to the results of the
pilot study, as 12 year old girls equalled the boys on the throw and
catch task, but could not close the gap so convincingly on the target
throw,

As illustrated in Pigure 4 there was a definite superiority in the
boys performances across grades on the target throw. Notwithstanding
the physiological differences which are well documented (Tanner, 1970),
replication of these results would tend algo to indicate, that because
precise throwing is a constantly practised and highly valued skill in a
boy's skill repertoire and because opportunity to pursue this skill is
afforded more easily in Canadian culture to boys, that sex differences
on this particular task are well established. It is interesting to
note, that Henderson and Stott (1977) had some reservations about
retaining the ball tasks for the very obvious influences of culture and

practice on skill development. They concluded, however, that the tasks

-

were so revealing of motor é}sfunction, th;t they should be retained in
the test battery.

Group performance differences, which were predicted in Hypothesis 2
and 2-1, were well documented on the two catching tasks. As expected,
the reading disabled children did not perform as well as the control
group on the throw and catch. These results are comparable to the
findings of Rutter, Tizard and Whitmore (1970) in the Isle of Wight
study. The group performance differences were most noticeable at age a,'
Resultg of the throw, clap and catch task support the contention that
learning disabled children as a group, tend to acquire a lower level of

proficiency in motor skills than their control group peers (Gesell and

Amatruda, 1947; Gordon and McKinlay, 1980). This phenomenon would tend
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to coppliment similar findings with respect to acquisition of reading

A .

(Vellutino, 1979; Lupart, 1901).

In contrast to the above results, group differences were
significant at each grade level on the throw, clap and catch test. .The
trend to greater between group differences at age 8 than age 12 was
still evident, but this task does not appear to be as greatly affected
as other tasks in the battery by the developmental increases in the
skill of the reading disabled child. Gubbay (1978) reported that it was
one of four tests in his battery that was a good guide to the severity
of the motor impairment. Perusal of the percentile scores for severely
awkward children (Appendix E) would tend to verify his point. Seventeen
of the children designated as severely awkward by the test battery
results had scores below the 10th percentile on the throw, clap and
catch. Hopefully, replication of these results in the remaining years
of this study will afforé better analysis of the specific relationship
of this test to physical awkwardness.

Group differences were not evident on the target throw. One
explanation of these results is that boys performances were so superior
that they cancelled out any group differences that might exist. It is
obvious, in any case, that the target throw digsnot discriminate between
groups. |

As illustrated in Pigures S, 6 and 7 all three upper limb
copxdin’tion tasks were good measures of developmental differences. The
utilit# of these tasks as screening instruments is thus enhanced because
they allow for the placement of children on a deveiopmentil continuum,
In summary, one cannot deny the sensitivity of the target throw to sex

differences in throwing achievement. The catching tasks, however,

W
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-

illustrate’ the group differences which were expected. It can be

‘concluded that reading disabled children do not perfori as well as a

g¥oup on catching tasks, pn;ticqlarly at age 8 and that boys are

i
i
¢

superior to girls in throwing skills.

r
s

FPine Motor Coordination: Results

P;tfornan:e scbrel for fine motorxr coorgination were calculated as
the mean aqoré of-thre. trials tathei tﬁan the best scores. According
to B;rdo and Garney (1979) mean scores are better estimates.of true
performance than maximum scores. : Group performance differences wére
examined uging a Q (groups) X 2 (§exes) X 5 (gr#des) X 3 (trials) 2
analysis of variance with repeated measures on the last factor, and the
mean*écores in boéid lacing, peg board right and peg board left as the
d;pendent variaﬁles. The results of this an;lysis are presented in

Appendix D. The significant main effects are illustrated in Table 5.

Board Lacing v

There were no significant main effects for sex or group'which
resulted from the analysis of board lacing scores. 1In addition group by
grade comparisons, graphed in Figure 8 depict\an essentially similar
performance by RD and control children. However, a significant group by
grade by trials ordinal interaction, F (4,456) = 2.447, P <.046, did
occur. To investigate tpe nature of the grade by trials interaction
with ealh group, separate t-tésts were utilized., Por the RD group there
were significant diffe;ences in performance betgeen grade three and

-

¥ R .
grade five at trial'one, t (228) = 4.505, p <.0005, trial two, t (228) =

7.020, p <.0005, and trial three, t (228) = 5.692, p <.0005. In

g . ‘ »

s
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_TABLE 5

Significant Main Effects
Derxrived from Anova for

Pine Motor Tasks

» ’s‘ .
. . ﬁf*
. *l' %
R . Independent Variable
’ ¢
Depéndent Group Sex Grade Trials
variable 4
i ) *RK XA K
Board Lacing .175 .124 .001 . 001
- * w " XEX * % n
Peg Board Right .011 .387 .001 .001
. .
. »* N * LS .24 12 3 4
Peg Board left x  .025 o012 .001,” .001 ¥
u
*
P <.05
xx ’
R «.01
L a & 4
R <.001
XEKXX

P %000
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contrast, differences between grade five and seven were significant only
on trial one, t (228) = 1,941, P <.01. '
Similarly, performances of grade three and five control childsfn
were significantly different at trial one, & (228) = 6.58, p <.0005,
trial two, t (228) = 2,83, P <.005, and trial three, t (228) = 3,90, P
<.0005. The differences in scores between grade five and seven however
were significant at £r131 two, t (228) = 2,92, P <.005, and trial three,

t (228) = 2.52, p <.01.

A significant main effect for trials, F (2,456) = 34,260, p <.001,
was also evident. Use of the Neuman-Keuls procedure on the mean scores
across trials indicated a significant decrease in the time required to

lace the board between trif

é::e and three, Q (456) = .89, p <.01, %nd
trials two and three, Q (456} = 4.28, p <.01.

The main egfect for grade, F (2,28) = 40.519, p <.001, was
subjected to furth;r analysis uéing the Neuman-Keuls procedure (see
Appendix D). The results 1nd1catea\a significant increase in *

\

perfornance between grade three and grade seven, Q (228) = 7.47,‘2 <.01,

Eid

and grade three and grade five, Q@ (228) =>5;S;: P <.01.
In summary, although no sex or group differences resulted, the
Performances across trials increased differentially by groups. In

addition the performance increases across grade, indicated by Table 5,

were not significant between grade five and seven.

Peg Board Right

o ‘
No significant main effects or interactions for gsex resulted from
the analysis of mean 8cores on the peg board right. The main effect for

group, P (1,228) = 6,631, P <.011, is illustrated in Table 5. Post-hoc
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t-tests of the group by grade scores (Pigure 9) resulted in marginally
lignifié?nt diftorencoa atﬁqzado three only, t (228) = 1.38, p «¢.10.
The specific nature of the significant main effect for trials, P
(2,45;) = 8.054, p <.001, was investigated using the Neuman-Keuls
Procedure (see Appendix D); The main effect for trials was a result of
a significant increase in scores from trial one to trial three, Q (456)
= 3.42, p <.05. The significant main effect for grade, P (2,228) =
31.519, p <.001, foliowed a similar pattern to the results for board
lacing. The newman-Keuls analysis indicated a significant improvement
in performance from grade three to grade seven, Q (228) = 6.59, p «<.01,
ana e th;ee to grade five, Q (228) = 4.545, p .01,
) fﬁﬁeffect peiformanog;diffetences on the peg board right were
Jimited to between trials (oﬂa,and three) and between grade (three aéé a
yo

five, and three and seven) impzovgments. Therervas some support for
. ,

group differences at grade three only.

u";

‘Peg Board Left

‘As indicated in Table 5, analysis of mearn performances on the peg
board left yielded significant main effects for all independent
variables. The nature of the main effect for sex, F (1,228) = 6.391, p
<.012, was explored by post-hoc t-tests on sex by grade scores. Grade
five girls were somewhat less efficient than the boys, t (228) = 1.343,
- P <.10. Purther application of t-tests to group by grade by sex mean
performance scores indicated an unexpected poor performance from grade
five RD girls, t (228) = 1,957, p <.025,

Although a lignific’nt main effect for group, P (1,228) = 5.087, P

<.025, occurred, when group by grade comparisons (see Pigure 10) wnfc
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made using a one-tailed interpretation of t—t.,tl, none of the
differences reached significance.

Thc>main effect for trials, P (2,456) = 7.039, p <.001, was
analyzed uiing the Neumans-Keuls procedure. A significant improvement
in performance occurred between trials one and three, Q (456) = 3.32, p
<.05. Analysis of the main effect for grade, F (2,228) = 29.082, p
<.001, with the Neuman—Keuls test ga;! identical results to the other
fine motor tasks. Improvements im performance with age were significant

between grade three and seven, Q (228) = 6.386, p <.0l, and grade- three

and five, Q (228) = 4.10, p «<.01.

i
”
kY

‘ﬂgf was evident with results of the peg boaz? right analysis,
performance differences on the peg board left w;re significant between
trials (one and three) and between grades (three and seven and three and
five). There was also some evidence‘of a poor performance b@ade five

"’ '

RD girls.

Fine Motor Coordination: Discussion

Results of the performances on the fine motor tasks were mig@y.
Therg was some support for ali of *the predictions concerning sex And
group diffeiences, but the strength of the support was not great, nor
was it maintained on all tasks. Hypothesis 1 indicated that the
performance of boys and girls would be essentially similar. This
pred;ction was verified on the board lacing and peg board right tasks.
Boys, however, outperforped girls on the peg board {eft. The
differences were gioatost at grade five due to an unexpectcd;y poor

performance from the reading disabled girls.
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Evidence of between group differences was provided’by the superior
performances of the control group on the peg board tasks. There was
weak support for Hypothesis 2-2 on these tasks, however. The inverse
relationship predicted between age and group petiqrmancy differences
held for the peg board right, but was actually reversed for the peg
board left.

In contrast, the board lacimg task failed to indicate any between
group differences. There was some indication of different group
19aylingv¥hxterns across trials, but no trend could se deciphered from
tﬁis interaction. Wh;ting, Clarke and Morris (1969) had indicated that

\

the fine motor task results compared well to results on the test ;Q a
whole. In view of the lacing board results, that conclusion would be
tenuous. It is also interesting toikoée that both 8 year old control
and reading disabled children had equal difficulty with this task and
their mean scores were considerably higher than those suggqstéd by
Stott, Moyes and Henderson (1972).

Consistency was reached on all t.+:'vs with respect to developmental
trends. There was a definite improven - :n performance with age. The
magnitude of fhe improvement decreased .,etween the 10 and 12 year olds
on’each task. Stott, Moyes and Henderson (1972) indicated in the
norming work on their test, that differences between 11 and 12 year olds
were generally insignificant. It is plausible therefore that these
tasks are accurately monitoring the rapid increase in manual skill from
age 8 to 10 and subsequent less significant improvement from age 10 to
12.

Mention should be made of the significant improvement across trials

that occurred on all three tasks. Although the tagks allow for
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observation of strategic behaviour and comparison of learning rates, the
magnitude of learning that occurs with both groups suggests that these
tasks may be somevhat unstable as measures of fine motor skill. The
inference here is that if the tasks were administered over six trials or
At a later date, that more performance improvements would be expected.
In summary, results of the fine motor tests do not give a clear
indication of grgup differences and it appears that test inconsistency

may make them unreliable tools for assessing awkward behawviour.

U

'Ebwg; Limb Coordination: Results

Performance on the iower limb coordination tasks was measured as
the mean score gf, three trials. The results were analyzed with a 2
(groups) by 2 (;digs) by 3 (grades) by 3 (trials) analysis of variance
with repeated measures on the last factor, and mean performance scores
on.the stork balance right and left, wide board balance right and left,
narrow board balance right and left, controlled jump right and left and
dodge run as the depepdent variables. Appendix D presents the results
of 4his analyis. The significant main effects and interactions are

given in Table 6 and 7.

Stork Balance Right

No significant main effects resulted from the analysis of mean
performance scores on the stork balance right. However, a disordinal
group by grade interaction, P (2,228) = 5,991, P <.003, d4id occur (see
Figure 11). Purther analysis of this interaction using a one-tailed
interpretation of t-tests indicated a significantly poorer performance

from grade three RD children, t (228) = 2.073, P <.025, compared to the



TABLE §

~

S Significant Main Effects Derived From Anova

Lower Limb Coordination Tasks

for

78

Independent Variable

Dependent
Variable Group Sex Grade Trials
Stork Balance
Right 077 .092 .187 .104
Stork Balance .., . -
Left ,013 .05 .001 .224
Wide Board . -
Balance Right .013 .782 . 001 .332
Wide Board - cww
Balance Left .004 . 469 -009 .263
Narrow Board .
Balance Right .101 .571 .039 .316
Narrow Board . .
Balance Left .001 .681 044 .880
Controlled Jump rn rrw
Right .001 .183 .059 .001
Controlled Jump xw xw e
Left . 001 .779 .001 .014

*a'® rrw -tt* *u N
Dodge Run .001 .001 .001 .001

4
;4
P <.05
& 4
p <.01

TR

P «<.001
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L™,
TABLE 7
.}
Significant Two and Three-Way Interactions
Derived from Analysis of Variance Tests
Two Way Interactions
Dependent Group Group Group Sex By Sex By Sex By
Variable By Grade By Sex By Trials Grade Trials Trials
- D

Throw and -
Catch : . 002
Stork Balance - .
Right .003 .054
Stork Balance N e
Left . .039 .004

‘W
Wide Board - - .
Balance Right. .001 .023
Narrow Board . -
Balance Left .025 .007
Controlled Jump . e ¢
Right .005 .010

Three Way Interactions

Group By Grade By Trials

Board Lacing .046

®

2 R <.0S

awn B <.01
P <.001
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grade three control group. In contrast, the grade five RD children
achieved higher mean performance scores than any.othot group. This
improvement over their grade three RD peers was significant, § (228) =
2.339, P <.028. No other within or between group differences were
significant.

In addition, an ordinal group by trials interaction, P (2,456) =
2,929, p <.054, was evident. Results of post-hocC t—test; indicated a
significant decrease in performance by the RD group at trial three
compared to the control group, t (456) = 3.437 p <.0005 and compared to
their own performance on trial two, t (456) = 2.886, p <.0005. These
analyses give some evidence éf group differences across trials and at
grade three on the stork balance right.

-

Stork Balance th’t

A significant main effect for sex, P (1,228) = 3.870, p «.050, was
obtained as well as an ordinal group by sex interaction, F (1,288) =

4.293, P <.039. Post-hoc t-tests revealed that the male RD children

performed significantly worse than both the control group males, t (228)

= 2.17, p <.025, and the RD females, t (228) = 1.65, p <.0S5.

The main effect for group, F (1,228) = 6.238, p <.013, was examined
more clbaely by using a one tailed intéxpretation of t-tests on group by
grade performance scores (see Pigure 12). The group differences were
marginally significant at grade seven only, t (228) = 1.29, p «<.10.

In addition to the significant ;ain effect for grade, F (2,228) =
G,Q%;z!g <.001, which oocurred a disoxdinal grade by trials interaction,
P (4,456) = 3.839, p'«.004, was evident. This interaction revealed an

unexpected trend across trials. Both the grade three and grade five

-

!



subjects showed a net decrement in performshce across trials. The
decrease in scores for grade thro; children was significant between
trials one and three, t (458) = 1.923, p <’s’. At grade five the
differences were marginally significant b.fi;Qn trials one and threse, i
(456) = 1.409, p <.20, and trials two and three, t (456¢) = 1.367, p
«.10. In contrast, the grade seven subjects displayed essentially
similar scores on trials one and two but increased their balance tima
dramatically after trial two, t (456) = 2.10, p «.02%. Evidence of a

’

finear increase in scores with age was not evident on the stork balance

right or left.

wide Board Balance Right

~As indicated by Table 6 there was a significant main effect for
group, P (1,220) = 6.248, p «.013, and a group by sex ordinal
interaction, P (1,228) = 5.239, p <.023. Post-hoc t-tests indicated a
significantly poorer performance from the RD boys, compared to the
control group boys, t (228) = 2.246, p <.025.

‘A disordinal group by grade interaction, F (2,228) = 8.020, p
<.001, also occurred (see Figure 13). Simple effects ﬁests indicated
that the interaction was the ;osult of an ext{?mbly depressed
performance by the grade three. RD group, t (228) -\2.934,—2'<.005, in
contrast to a relatively constant perf;;nanco from all other subjects.

A significant main effect for grade, F (2,228) = 7.350,‘g.<.001,
was evident, bﬁt Neuman-Keuls tests on the grade m;an- fioldoﬂ no

significant @gfforoncol.
5
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muyuo of mean po:for-,mco soores on the wide hog.ﬂ dalance loft
resulted in a uqnit:l.cnnt nin effect for group, P P (1, zzn<- e. 5,9‘, g\
<.004. Posat—hoc t—-tntu on tho group by grade means graphed in riqut;
'14,nindicnt;d thqt,grcdo'thteo RY childrcn balancodffor significantly
less time than their cdntrol counterparts, t (228) = 1.73, p <_.o§.

| Althaugh a grade uin'etto.ctl was evident, P (2,228) = 4.865, p
<.009, suggesting a d.!ipito increase in performance with age, Neuman-
Keuls tests on tﬁi;n@!n dsfteronco- between grades did not reach
significanc;. Results of both wide board balance right and‘left
’

indicated group d1fferencea at grade three only, and minimal support for

an increase in scores with age.

1 0. . A

Narrow Board Balan?e Right

No signifiant main effects for sex or group emerged from the
analyéi- Of'Fh;Se mean balance scores. The‘group by grade mean
performan?e scores are graphed in Figure 15. Post-hoC t-tests on the
group by grade‘mean- yielded marginally significant differences between
the grade three RD children and their control group, t (228) = 1.39, p '
<.10, and liqnifiéant differences between grade three and grade five RD
children. Alfhough a main effect for grade, F (2,228) = 3,298, p <.039,
occurred, no differences were iarge enough to reach significance on‘a

Neuman—Keuls test.
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. A significant main effect m group, P (1,229) g)mu R <001, /
: :,-ultqa from m mlyuq ot these -ua balance aeom. In addition,
an ordinal g:wp by sex interaction, P (1,228) = 7. oo, ip <. oov

‘: ooc;urrod mt-hoc t-tests on tho group means indicated a siqniucantly
poorer pg:lom from the 0 boyl. qowuod to their control group’
cdytirp&fl,._t. (220) = 2.62, p <.005. |

The significant dfsordinal group by grade interaction, P (2,228) =

.
3.76%; p <.025, vhich resulted is illustrated in Pigure 16. Simple
'effécts tests indicated that the interaction was due to a relatively
-iﬁilat performance across gtaéol by the contro'véroup, in contrast to a
significantly low performance by the grade three RD group, t (228) =
2.169, § ;.025; and the grade seven RD subjects, t (g?a) = 1.594, P
<.10.

Although the analysis also yielded a significant ;ain effect for
‘grade, P (2,228) = 3.176, p <.034, no betw'eenn grade differencés were -
large enough to reach significance on the Nounah—xguli tests (see
) Appendix D). In summary, group differences were ovidgnt on both narrow
board balance tasks at grade three only. Thcre‘wai some evidence of
a&d;tiona; group differences provided by the significantly poor
performance of the RD boys on the left foot balance. Neither task

-

showed 2 significant difference in performance scores with age.

Controlled Jump Right

The analylio of mean performance scores on this task yielded a

significant main effect for group, P (1,228) = 12.938, p «.001. Group

3

by grade mean porfornqnco scores are illustrated in Pigure 17. Simple
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mn mm m txuu. fz"m; - 6.069, B <.oox.

‘vas smu.toa further vith mm—nun ptoo.durp _Wone of the

. dum mou trials wvexe ug-uucm In oontrut. the du?rum
-t\:y ertmkmormm, 2 (l.m) s 4.0, g c.oeo, whioh ooourm |

_ was; the result of & nutznly constant pox:omnco aver tun- by the
boys and a conerlltinc ctln-tic imgroveent in po:ﬁoznanc. by the girls.

at trial tuo, t>

(ese) & izsv. R ¢.025. This difference increased in
significance at trial thres, ¢ (%6) = 2769, p «.005. |

™e ligniticant ordinal group by trials interaction, P (2,456) =
5.372, p <.008, resulted from an intereeting pattern of ;‘rfotllnc.
differences fro-“tho control and RD children. Generally the RD children
pcrfor-.d less -kilfully across trials, with the gtcatcst difforonco
beiny at trial two, t ¢456) = 6.219, p <.0005 and the smallest

difference &t trial three, t (456) = 1.705, p <.0S.

. ' \
" . Controlled Jump Left 3

As indicated in Table s: analysis of the mean scores for controlled
jump left yielded a significant -ain effect for group, P (1,228) = |
11.688, p <.001. Post-hoc t—tests on groﬁp by grade mean differences,
illustrated in Pigure 18, indicateq slgnificantly ‘poorer performances
from grade three RD childron, t (228) = 1.913, 2 <. 05 and some ovidcnce
of poorot performances from grade seven RD childron, 3‘(22q)r- 1.45, p

<.10.
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The specifie asbure of W sigwificant main ettect for grase,

(2,328) = 9,008, g\u.oo_x. vas uéutt‘.ntod by the Weuman—Keuls

procedure. szgaux%ue differences resulted between grade three and

‘-
"five omly, Q (220) = 3.42, B <.05. In ., the main effect for

_trials vhich wvas evident, P (1,458).w

o

In effect, group differences wers maintained at grade three only,
for both right and left controlled jump tasks. A significant
improvement 1n-pot£ofganco with age was supported on the jump left

between grades three and five only. a

Dodge Run ] ‘ -

| As illust;atod in Table 3, the mean éortor-anco scoxes for the
dodge run task tended to reverse the trend in group differences in
favour of the reading disabled group. The significant main effect for
sex, P (1,228) = 10.487, p ¢.001, which resulted, indicated a superior
performance by male subjects. Similarly, a main effect for group, P
(1,228) = 14.914, p <.001, occurred. Group by grade mean performances
are illustrated }n Figure 19. Comparisons of the mean differences using
post-hoc t-tests indicated a significantly better performance by the
grade five RD children,only, t (228) = 2.17, p <.025;

| In addition, the main effect for trials, P (2.456) = 11.997, p
<.001, was significant. Between trial comparisons using the Neuman-
Keuls tests resulted in significant differences between trials one and
three, Q (456) = 4.08, p <.01, and between trials one and two, Q (456) =

3.12, p <.0l1.
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A highly u.hutbnt main effect br gxade, F (2,220) = ¢9.880, p
. ¢.001, alse r»o;ltod from the amalysis of u«o run performances. Use
of the Neuman-feuls procedure for Comparing h‘tu-on grade performance
indicated significant differences in perfo with each increass in
age (see Appepdix D). It is apparent that tb; superiority of the RD
children on ém.t '::ux was significant only at grade five. In
contrast, there is clear evidence of an incrsase in psrformance with

‘ »
age. :

Lower Limb Coordination: Discussion

with the exception of £h0 dodge run, which will be discussed
separafoly, the results of the lower limb toordination tests were
supportive of the research hypotheses. 1In general, boys and girls
performed equally well on the balance and jumping tasks. However, tHe
group by sex interactions indicated in Table 7, revealed that reading
disabled boys in particular, had more troubio with balance tasks than
the other groupl.' It is possible that these problems which appear to be
Quite specific to this group are evidence of the sex differences which
have been documented in clinical populations (Dare and Gordon, 1970;
Reuben and Bakwin, 1968), hqwovet, they do not seem to indicate any
overall performance differences due to sex.

As‘predictod by Bypothesis 2, the control group performances
exceeded those of the reading disabled group on six of the eight tests.
In additfan,a¢ﬂﬁﬁfby trials interactions were indicative of poorer
performances across trials by the reading disabled children on the stork
balance right and controlled jump right. In the first case, it is

speculated that the three 20 second trials taxed their ability to
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‘emsouted. numumm\uumuumrunop V
mhm%dwxummnamno:m:xw,
left discriminstion difficulties om this particular task. L

s indicated ia the group by sande illustretiens [Pigures 11 to
18), group differences vere most Mu«m &t grade ‘three on all but
the stork dalance left. ‘Thexe is Getinite support for the contention
that young reading ﬁtublod children are very different performers from
their cont:61 group peers. The predicted gradual 1-piovtnnnt in
performance across grades did not materialize, however. Instead, the
pattern of improvement fer BD children involved a large increment in
scores from grade three to grade five but some difficulty in maintaining
these leoro"nt grudo o;v.n. 39oro- in fact decreased significantly on
the stork balance, narrow board balance and controlled jump with the
left foot. Although there may be some phenomenon at work within the
reading disabled sample which is causing this unusual trend, but further
interpretation at this stage is not possible.

An inCrease in performance scores across g;adns was evident with
each task, however, as indicated above, there ;oro no constant increases
between grade five and grade seven. Since this trend was fairly evident
on all tasks, there is thc\posnibility that the tasks themselves limit
performance ranges liqnifictntl&. In addition, as was pointed out
earlier, Stott, Moyes and Henderson (1972) had found negligible

performance differences on balance tasks between ages 11 and 12. It is

-
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mmthoecummnmum Conversely, the task was a good
indicator of mmu.l increases u ocan be seen in Pigure 20. It

'
was one of the four tasks in the battery to ngutorj a luaiumft.,
increase in performance at each grade level. .

In searching the 'litotctun 'to: a plausible explanation of this
reversal in group performance trends, a number of possibilities hivo
surfaced. Although the face validity of the task itself would suggest
that. it was indeed a measure of whole body coordination and speed, it
has been illustrated in a humber of factor analytic studies that agility
run tasks tend to load on a factor described as explosive strength -
(Rarick, 1968; Fleishman, 1972; Liehmohn and knlpésyk. 1974). This
factor otructurq tond-‘ to hold with average, mentally retarded and
learning dio‘blcd children. 1f one accepts the premise thHat the dodge
run is in fact a measure ofncxplosivc strength, then its relationship to
physical awkwardness and the other tasks in the' test battery is tenuous.

in conaidorinqv the accommodations that were made for learning
disabled children in the design of this particular task the factor

structure explanation becomes more salient. RD children wers not

penalized for knocking over traffic cones. If they fell, they were
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MeeulSh and Risoupeions

Wo attempt was made to M1uxy score the behaviour of subjects
@uring the test sitwation. The information presented here vas gathered
from ' written commeats of the testers and/or their verbal N
communicatise with the writer following the teet seesions. It is
1ncluded as clinical cbeervation which, in the descriptive vein of this
theeis, may shed light on the problems of some physically ewkward
_learning disadled children.

Since the reading disabled children were tested three months later
kthln the control group, thexe was no opportunity for ‘'blind’ teeting.

Despite the ml.- m Whis flaw in desigm entails, the delay 4diqd

nlwmobvimmtmottutmumtonlmplm T™he couments

which follow therefore represent a ooanuua that performance behaviours

ozmmaiummamutuun-pocutomumm:ou.



Movement Confidence oo .

Testers frequently commented that reading disabied children lacked

«

the movement confidence which Keogh suggested is necessary for acquiring
movement control (1978). It was often necessary to encourage them,

particularly in the balance and controlled jump tasks. In general one

could say that they were unable, without encouragement, to sumsson up as

much effort as the control children to successfully complete the task.

Inappropriate Strategic Behaviour

Torgeson (1977), Bradley (1980) and wWall (1982) have commented on
the difficulty that learning disabled children have in using active and

efficient task strategies. Performance of RD children on both the peg

-board and the throw, clap and catch task supported this theory.

Children who were successful on the pPeg board task frequently altered
their strateqgy in order to improve their time on the task. 1In contrast,

a number of observations were made concerning the on task behaviour of

“RD children: they found performance with the non preferred hand taxing

and would try to ‘help’ with the preferred hand; they would change their

strategy, but the result would be poorer performance; they would

concentrate on making patterns with the pegs rather than placing them as

quickly as possible.

In the throw, clap and catch task there was a noticeable number of
RD children who did not relate the speed with which they Glapped to the
increased probability of catch}ng the ball. Frequently they got trapped
by a rhythm and stuck with it, even when it waé obvious that the ball

would hit the floor before they finished clapping. It was also
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apparent, especially in the board balance tasks, that the method. of
using arms outstretched and alternating the position of the limbs to .

maintain balance was not a familiar strategy to these children.

Specific Errors and Difficulties

-

The one problem which was noticed more frequently with the RD
children fhan é:ntrols wag their difficulty in disqximiniting right and
left. This problem was most obvious in the controlled jump task, in
which children h;d to land on a specific foot. The difficulty rangedv
from actually being unable to tell which foot to land og and therefore
varying the response in the hopes that one ;ight be correct; to knowing
which foot to land on, but being unable to successfully execute the act;
or being confused about right and left, but able to learn the task
across three trials.

In other tasks, the errérs séemed to be similar to those made by
the control subjects. There was one rather important‘;}ception. Some
children would make errors but be unaware of them. Although they were
cautioned on the characteristics of an unacceptable performance before
hand, some children would make the error described and not r;cognize it.
Por example, on the board lacing task some children would not 'see' the
error in lacing around the edges of the board, instead of in and out -

- 4
straight stitch fashion. When the benefit of feedback as a factor in
improving skill and subsequent strategies (Glencross, 1978) is
considered in light of this observation the inappropriate behaviour of
the RD child becomes even more saliént.

The above observations must be considered in light of their

subjective nature. Perhaps they may serve to focus attention on the
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- need for more investigation of the strategic and affective problems

which inhibit physically avkward children in a learning situation.

Pl

Schonell Graded Reading Test: -Resuits and Discussion

Although some care was taken in defining the characteristics of the
reading disabled sample to be used in this study, it was decided to -
include the results of the Schonell Graﬁed Reading Test as verification
of the group diffeténcea. Mean test results presented in Table 8 lend
suppoet: to the initial description of the sample. Not only 4did the
reading ages increase uniformly across grades, but the discrepancy
Letween tho reading disabled and con;iol group was also maintained at
each grade level. It should be noted that thg grade 7 control group
scores are artificially low because of theé 12.6 ceiling of the 1970
norms.

As the Schonell Graded Reading Test is a measure of word
identification it is apparent from Table 8 that the RD children in this
study actually did display the type of reading difficulty frequently
associated with this gggup (Vellutino, 1979). In addition, not only did
the grade seven mean score indicate that the discrgpancy between groups
was maintained across grades, but also their ability to overcome the
perceptual difficulties common to reading disabled children in younger

grades (Lupart, 1982).

The Physically Awkward: - Results and Discussions

Selection of the Sample

The identification of a sample of physically awkward children

proceeded in the following manner. A decile distribution of the



. TABLE ©

Mean Schonell Reading Scores

v

g

JTotal N Mean Reading Age
Years

Group M | 2 (S.D. in Years)
Grade 3 ‘ ’

Control 18 21 9.21 (1.05)

Reading Disabled - 25 19 7.67 ( .45)
Grade 5 :

Control 22 _21 11.16 (1.21)

Reading Disabled 20 19 9.39 ( .84)
Grade 7

Control 19 © 16 11.99 ( .85)

Reading Disabled 11 13 11.18 (1.25)

‘Reptescnta sample for whom
scores were available.



}Mividm mean performances on all tasks was ‘computed. ' In order to |
rate the mean performance of each child against that of his/hex age and
sex matched peers, his/her score on oach task was qiy.n a pesrcentile
rating. From these zatinq- it wvas poc-iblo to loloct a sample of
children whose tong'to-;lt. were at the low extreme of the distribution.
This method has been used successfully by Stott, Moyes and Henderson
(1972), GubBay (1978b) and Keogh et al (1975). *

The lanplo‘c;npriaod twé parts, a severely awkwa;d group and a

» gone;&lly awkward group. Children were identified as severely awkward
if their mean test scores were at o;‘bélow the 10th porccntile on at
least three of tﬁo following tasks: throw and catch; throw, clap and
catch; the dodge run; the balance task appropriate for their age group;
and the controlled jump. In order to,take into account the natural
.developmental trend in performance scoées, 10 year olds were also rated
on the stork balance, and 12 year olds were rated on all three balance
tasks. ﬂasks‘berformed with bélh preferred and non preferred limps were

' regarded as one variable for the purpose of assessing awkwardness, that

is, a child was only penalized

for poor performance with both
limbs. Children were identified as generally awkward performers if they
had a large number of scores at or below the 20th percentile and two °

scores at or below the 10th percentile. The results of this analysis.

are presented in Appendix E.

Sample Characteristics

The total sample of awkward children which resulted from the above
selection processes is described in Table 9. This sample represents 20

percent of the 240 Bsubjects in the study. A chi square analysis was
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- ' TABLE 9

- R
Characteristics of the Awkward Sample

=
Grade Sex Disabled Control Significance
. * :
3 M 7 2 .
a r 4 3 *
s M s N 3
r s ~-5 B
7 M s - 2
r .S 2
Total ' 31 @ 17 p <.oa®

;

3% = 7.737, Af = 1



, 102

used to determine if x nusber of ph 1y awkward children vho were
uoé reading disabled was iigni(}élntly greater than the number of
physically awkvard control children. Rolultx of this analysis were
significant, 7(3 (1) = 7.737, p <.01. As prcd\ﬁgctod by Hypotheses 3, °
‘thoro were almost twice as n.ny childton 1donti£1¢d as physically
lmtwnxd who had concomitant toadinq problems. That is, 27.7 percent of
the RO c;ildron coupnrtd to only 13.3 percent of the control children
were phyoically lwkvard Oone other feature of thc group was
particulaxly noticeable. As illustrated in Table 10, a significantly
greater number of RD males was idontifiod compared to control males, X 2
(11) = 6.701, p <.0L. » ’

A l;axch of the literature for similar studies allows some
‘intexesting comparisons to be made. It should be noted first, that none
of the studies cited equated the size of the reading disabled and
control groups before they identified a physically awkward sampie.
Consequently, the interaction of sex and reading difficulty which is
frequently cited cannot be easily interpreted., FPor example, Henderson
and Bgll (1981) had a 13:3 male to female ratio in their sample of
referred physically awkward children. The eight children who had
concomitant reading difficulties were all males. In contrast, Gubbay
(1975) found no‘:ignificant interaction of sex and awkwardness in a
sample that was initially equated for sex. He did report that 12 of the
56 Eiun.y children identified had reading quotients below 80, but no
indication of the sex of these children was given.

The Isle of Wight (1970) study provides a third petspectiéé for.

viewing this problem. 1In looking at what was essentially a total

population, Rutter, Tizard and wWhitmore uncovered more than a 2:1 male

hd
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’ TASLE 10
. . ‘ .
Prequency Table of Physically Awkward
\
RD Males and Control Males
Reading )
‘Disabled Control "~ Significince
-~ o X v O
% A
Avkward . Y 7 .~ p <o
> \'
Others 31 . 58
2, . »
Totad \ 959 €S
22 =°6.701, Af = 1
TABLE 11
Prequency Table of Severely Awkward

RD Children and Control Children

Reading

Disabled Control Significance
Severely ‘Awkward 19 7 p ¢<.01a
Others 93 . 121
Total 112 128

1

%2 w 8.177, Af = 1
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to female ratio in the group identified with reading retardation. In

O

addition, there was a significant increase in the frequency of

’ ,
cluguinou in this group compared to the controls. It is not clear,
however, what relationship existed botw.gn clumsy reading retarded males
and clu‘.sy reading retarded females.

Since the present study sample was q;nozally equated for sex and
reading ;1££16u1ty,'1t is interesting to note that more RD children were
~physically awkward, ;ﬁd that more RD males were awkward conpa%ed to
control males. However, the distribution of awxwardnq-a by sex was
remarkable for its similarity, that is, 24 males and 24 females. In
addition the &lltribution of awkward children by grade was relatively
stable. There were two exceptionlt The number of 8 year 019 RD males

and 10 year old control females were slightly higher than the trend in

Table 9 would indicate.

Comparison of Severe and Less Severe Groups

Once the sample was divided into its two components, severe and
less severe, further analysis was conducted. The characteristics of
each'subjeét are recorded in Appenéix E. As was evident in the tﬁtal
sample analysis, the ratio of males to females in both severe and less
aeyere groups Qas essgntially similar. The 26 children in the severe
group représonted lo.a.percent of ihe 240 children in the study, whereqs
9.2'percent'oi 2; children were identified in the less severe group.

Although th§ number of reading disabled and control children in the
less severe group was essentially similar (11:10), as predicted in
Hypothesis 3-1, a significantly greater number of RD children compared

to controls was identified as severely awkward X? (1) = 8.177, p «.01
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(See Table 11). One other very noticeable difference between the severe
and less severe groups involved the 0 year old children. Without
exception every seversly awkward 8 year old child was also reading
disabled, whereas in the l'monn group, the distribution of control
and RD children was equal.

This concept of identifying awkward children with respect to
severity has been employed in several studies by Keogh (19605; 1979).
Similarities are limited, however, because of his sample
characteristics. 1In his early work Keogh designated the severe group as
those with scores below the 10th percentile and the less awkward group
“an thaic with scores between the 10th and 30th percont&le. He found
that the experimental group of 40 mentally retarded boys (1Q range 51 to
77) had three times as many low marks as the control boys. The 1979
study also used all male subjects, but no measures of IQ or academic
achievement were reported for the movement problem sample or the control
group. It is difficult therefore, to make any further comparison to the
present study.

As Torgeson has advised (19@5), attempts were made to isolate
rationally devised subgroups within the severe and less severe groups.
It was hoped that a number of children might share some common
charactoristicl.‘ To this end, children were identified whose IQ scores
or Schonell Reading Ages were one standard deviation or more below the
mean for their group (see Apperdix E). None of the children displayed
both a deviant IQ and reading score. 1In addition, none of the IQ scores
were out of the normal range. In fact, when mean IQ scores were
computed for both severe and less se&ere groups, they differed by only

four points (98, 102). With the one exception of the & year old
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soversly mivand 7O chilizen, VNP %o iselate further ABgEeupe
vithia the e sangles have DESA URSUCSEPSTM].
nmmnmmummotmmummu
ltmnolthumﬂ 1s an iavitstion for further amalysis &s
Mnm-n‘pm Saving accounted for age, xq,
80010 economic status, predominant second languege, and physical and
neuromuscular problems, there remains & group of @ year old, severely
awvkward reading disabled children u;no may exhibit further homogeneity in
strategic behaviocurs and specific task failuzre. It is hoped that the
follow-up study of these children may provide more information on the

specific relationship of physical awkwardness and reading disabllity.

"\



Songlusions

A8 a result of the fiadings of this study, & number of descriptive
statements may be put forward concerning the nature of physical
avkwardness in general, and its relationship to the reading. disabled, in
particular. With respect to sex differences, despite previous
conclusions to the contrary (Rutter, Tisard and Whitmore, 1970), it can
be said that with few exceptions tﬁo performances of boys and girls are
not significantly different on !1nn‘lntor and lower limdb coordination -
tasks. Boys do out perform girls significantly at all ages in throwing
skills, and have superior catching ability at age eight. These t.lultli\\
compare favourably with Gubbay's contention that there are no sex
differences with respect to the incidence of iwkwardno-l.

Although there are some exceptions, the reading disabled children
do perform more poorly as a group on the test battery. The differences
are most noticeable in the upper and lower limb coordination tasks, or
generally what are termed gross motor skills. It is also apparent that
group differences are largest at age eight. These results tend to
support the developmental delay theory and suggest that, if one assumes
that the study is sampling the same children at esach age group, reading
disabled children do manage to acquire an adequate skill level as they
grow older. There is some oiidenco that reading disabled boys have more
difficulty than girls with ‘ilancc tasks. Replication of these results

is needed to strengthen this contention.
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of swverely mu reading disabled childres. In addition, thers is a
$POOL£1C group within these childrem of § year old seversly awkward
reading disadled children. .

It {3 apparent from tho u;“uauop of developmental trends and
this test battery, that further investigation with these tasks may help
to clarify the pattern of performaposs which would be expected from 10
and 12 year old éhildt.n. In general, the tasks do monitor c!unqo- in
performance due to developmental differences. It might be difficult,
however to place a 12 yonr' 0ld on a continuum in the narrow board
balance left, for example. In addition, the relationship between the
three balance tasks as comparable liuuxoo of balance at dxttorgnt
developmental levels needs to be cluifiqd by further study.

' Despite the qualifications which have been made for particular
parts of the battery, the study has been mcco;lﬂul in illustrating
performance differences betwsen reading disabled and average children.
It has also provided strong evidence for the concomitance of physical
aVkvudn;l. and reading disability. The following recommendations are

made for further study of this problem.

-
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It is also xecemmended that efforts be directed at improving the
fine motor taska in this battery, so that they may be included as
criteria Sor identifying physically avkwasd children. Research oould
then be directad at investigatiag the concomitance of fine and gross
:oto: problens and '.l‘ll‘ allaw the identification of further swbd
greupe in the sample of physically awkward children.

Efforts to verify the construct validity of this test battery
should be continued. It is hoped that some support for its validity may
be provided by a concurrent ltud”“hich is comparing teacher ratings to
test battery performances (Umansky, 1982). In addition if a replication
of the present findinge can be made in the second year of this study
using cohort comparisons, then additonal support for the test battery
would result.

Pol st

'An.mn-uqauon of the specific processing difficulties
experienced by the identyfied sub group of severely awkward children,
would be particularly uable. 8imple re-test scores would provide
some information on progress of 8 year olad -odeQIy avkward reading

disabled children, but utilization of Torgeson's model in Step four
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i,
 would pro‘?‘ue a better opportunity to analyze processing skills (1982),
To this end, a method of coding the p.rtor-;nce errors of the

sample as a whole iiqht provide some iﬁqqoltion.‘for the type of

| questions which could be studied with the smaller groups. A catalogue
of the task strategies of successful and unsuccessful performers would
provide additional information for the descriptors used in defining
physical awkwardneli. Also the utility of such a measure in pr;viding
clues for remediation cannot pe understated. The following factors
should be considered in the development of a coding scheme of strategic
behaviours.

Classification of Errors

1. Lack of motor control.

2,[ Inability to follow a pattern. .

3. 1Inability to recognize errors.

4. Deficiencies related to specific skills acquisition.

5. Inability to take advantage of strat;gic advice.

The next step would be to design the comparative experiment using
the following three groups: 8 year old reading disabled children; 8
yYear old control children; and 8 year old physically awkward reading
disabled children. It would be advisable at this point, to try and
acquire a better fecord of the interaction of the non-gpecific factors
affecting performance which T6!§e34;4;1977) and Barbara Keogh (1982)
believe are particularly applicable in the research of the learning
disabled. More specific guideliﬁes may be provided by the recent work
of Wall, McClements, Boﬁffard and Findlay (1982) in which they attempt

to define the cognitive interaction of genetic and environmental effects

on skill development. The following is suggested, therefore, as a rough
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framework in which to encompass the study of non specific factors.

Ability to Actively Engage the Task - Some Considerations

1l. Lack of Understanding of’the task. -

2. FPrequent use of non-goal related behaviour.

3. T'ndenéy to act on a limited amount of pertinent task
information. | |

Affective Behaviour -

1. General level of motivation.

2. Level of performance confidence.

3. Level of novemeng confidence.
To aid the observer, specific examples of the interaction of these
factors with each task in the battery could be written and used in a
checklist format. 1In conclusion, although this study has emphasized the
specificity required in subject selection, definition of measuremenp
techniques and idéntification of sub groups, it is hoped that the call

for multivariate research will not go unheeded.



REFERENCES

Adams, J.A. A closed-loop theory of motor learning. Journal of Motor
Beshaviour, 1971, 3(2), 111-149.

Annell, A.L. School problems in children of average or superior '
intelligence: A preliminary report. Journal of Mental Science,
1949, 95, 901-909.

Baker, A.M. and Kauffman, J.N. Screening LD children with the Lorge-
Thorndike. Academic Therapy, 1978, 13, 549-552.

’ ..

Bardo, J. ana& Garney, M. On the use of maximum or average‘performance
scores in“testing physical and motor skill performances.
Southern Journal of Educational Research, 1979, 13(4), 175-86.

Bax, M. and McKeith, R. (Eds.). Minimal cerebral dysfunction.
London: Heinemann, 1963. «

Bradley, L. Reading, spelling and writing problems: research on
backward readers. In 'N. Gordon and I. McKinlay (Eds.), Helping
clumsy children. Edinburgh: Livingstone, 1980.

Brenner, M., Gillman, S., Zangwill, O. and Farrell, M. Visuomotor
disability in schoolchildren. British Medical Journal, 1967,
41, 259-262.

British Medical Jou¥nal. Clumsy children, 1962, 2, 1665,

Brosseau, J.F., Fox, J.M. and Romanjuk, E.W. Computerized preliminary
screening of children with learning disabilities. Canadian
Counsellor, 1977, 11(3), 119-122,

Bruininks, R.H. Bruininks - Oseretsky test of motor proficiency
manual. Circle Pines, M.N.: American Guidance Service. 1977.

Bruininks, V. and Bruininks, R. Motor proficiency of learning disabled
and non—-disabled students. Perceptual and Motor Skills, 1977,
44, 1131-1137.

Bruner, J.S. Organization of early skilled action. C¢Child Development,
19731 iil l-ll.

Calkins, J.A. Clumsy children and problems with identification.
Unpublished master's thesis, University of California, Los
Angeles, 1977,

Cratty, B.J. Remedial motor activity for children. Philadelphia: Lea
and Febiger, 1975. ‘

Critchley, M. The dyslexic child. London: Heinemann, 1970.

112



113

Dare, M.T. and Gordon, N. Clumsy children: A disorder of percetion
and motor organization. Developmental Medicine and child
Neurology, 1970, 12, 178-18S,

Doll, E.A. Neurophrenia. American Journal of Psychiatry, 1951, 108,
50-53.

Eisenberg, L. Reading retardation: Psychiatric and sociological
aspects. Pediatrics, 1966, 37, 352- 365.

Elliott, J.M. and Connolly, K.J. Hierarchical structure in skill
development. In K.J. Connolly and J.S. Bruner (Eds.), The
growth of competence. New York: Academic Press, 1974.

Fleishman, E.A. Structure and measurement of psycho-motor abilities.
In Robert N. Singer (Ed.), The psychomotor-domain: Movement
behavior. Philadelphia: Lea and Pebiger, 1972.

Ford, P.R. Diseases of the nervous system in infancy, childhood and
adolescence (4th ed.). Springfield: Charles C. Thomas, 1960.

Francis, R.J. and Rarick, G.L. Motor characteristics of the mentally
retarded. American Journal of Mental Deficiency, 1959, €3, 792~
811.

Galen. [A translation of Galen's hygiene] (R. Green, Ed. and trans.)
Springfield: Thomas, 1951. (Originally published, 2nd C.)

Gesell, A. and Amatruda, C.S. Developmental diagnosis (2nd ed.). New
York: Paul Hoeber Inc., 1947.

Glencross, D.J. (Ed.). Psychology and sport. . Sydney: McGraw-Hill,
1978,

Gordon, N. Helping the clumsy child in s8chool. Special Education,
1969, 58, 19-20. .

Gordon, N. and McKinlay, I. (Eds.). BHelping clumsy children.
Edinburgh: Churchill Livingstone, 1980,

Gubbay, S5.S. Clumsy children in normal schools. The Medical Journal
of Australia, 1975a, 1, 233-236.

Gubbay, S.S. The clumsy child. London: Saunders, 197Sb.

Gubbay, S5.S. The management of developmental apraxia. Developmental
and Child Neurology, 1978, 20, 643-646.

Gubbay, S$.S., Ellis, E., Walton, J.N. and Court, S.D, Clumsy
children: a study of apraxic and agnosic defects in 21
children. Brain, 1965, 88, 295-312.



o 114

Bainsworth, P.K. and Siqueland, N.L. thtlz identification of children

with learning disabilities: The Meeting Street School screening
test. Providence, R.I.: Crippled Children and Adults of Rhode

Island, 1969.

Harvey, D.R. and wWallis, S.M. Neurological examination of childron'uho
were small for dates babies. _Archives of Disease in Childhood,
1979, Ss, 725-726.

Haubenstricker, J.L. A’critical review of Whlected perceptual-motor
tests and scales currently used in the assessment of motor
behavior. In Daniel M. lLanders and Robert W. Christina (Eds.),
Psychology of motor behavior and sport. Champaign, I11: Human
Kinetics Publishers, 1977.

Henderson, S.E. anq Hall, D. Concomitants of clumsiness in young
schoolchildren. Manuscript submitted for publication, 1981.

Henderson, S.E. and Stott, D.H. Pinding the clumsy child: Genesis of
a test of motor impairment. Journal of Human Movement Studies,
1977, 3, 38-48.

Herkowitz, J. Assessing motor development. In Marcella Ridenour (E4d.),
Motor development issues and applications. Princeton, New
Jersey: Princeton Book Co., 1978.

Higgins, Joseph R. Human movement an integrated approach. St. Louis:
C.V. Mosby, 1977, .

-

Hogan, J.C. and Hogan, R. Organization of early skijlled artion: * Some
comments. Child Development, 1975, 46, 233-236.

Illingworth, R.S. Delayed motor development. Pediatric Clinics of
North America, 1968, 15, 569-580.

v

Ingram, T.T.S. Chronic brain syndromes in childhood other than
cerebral palsy, epilepsy and mental defect. In M. Bax and R.
McKeith (Eds.), Minimal cerebral dysfunction. London: Heinemann
Medical Books, 1963, 10-17.

Kendrick, K.A. and Hanten, W.P. Differentiation of learning disaﬁled
children from normal children using four coordination tasks.
. Physical Therapy, June 1980, 60(6), 784-788.

Keogh, B. Research in learning disabilities: A view of status and
need. In J.P, Das, R. Mulcahy and A.E. Wall (Eds. ), Theory and
research in learning disabilities. New York: Plenum Press,
1982,

Keogh, B., Major, S., Reid, H., Gandara, P. and Omori, H. Proposed
markers in learning disabilities research. Journal of Abnormal
Child Psychology, 1980, 8, 21-31.




118

17 ) Q
v <

Keogh, J. Analysis of individual tasks in the Stott Test of Motor

Impairment; Technical report 2-68.: Los Angeles: University of

California, 1968a. :
hY
Keogh, J. Incidence and severity of awkwardness among regular school
boys and educationally subnormal boys. Research Quarterly,
1968b, 39(3), 806-808. . .

Keogh, J. Movement outcomes as conceptual guidelines in the

perceptual-motor maze. Journal of Special Education, 1978, 12,

321-329.

Keogh, J. The study of movement skill development. Quest, 1977, 28,
76-88. { - .

Keogh, J. and Oliver, J.N. A clinical study of physically awkward ESN
boys. Research Quarterly, 1968, 39, 301-307.

Keogh, J.P., Sugden, D.A., Reynard, C.L. and Calkins, J.A. )
Identification of clumsy children: Comparisaons and comments.
Journal of Human Movement Studies, 1979, 5, 32-41.

Kessen, W. Research design in the study of developmental problems. 1In
P.H. Mussen (Ed.), Handbook of research methods in child
development. New York: John Wiley, 1960.

Kinsbourne, M. Developmental Gerstmann syndrome. Pediatric Clinics of
North America, 1968, 15, 779.

Lerner, J.W. cChildren with learning disabilities (2nd ed.). Boston:
Houghton Mifflin, 1976.

Lewko, J. Current practices in evaluating behavior of disabled
children. The American Journal of Occupational Therapy, 1976,
30, 413-419. / ‘

Lewko, John. Influencing variables in the assessment of motor
behavior. 1In D.M. Landers and R.W. Christina (Eds.), Psychology
of motor behavior and sport. Champaign, "I11.: Human Kinetics
Publishers, 1977.

Lewko, John. Practical and conceptual problems in the linkage between
assessment and programming for motor disabled children.
Research and practice in phys. ed. In D.M. Landers and R.W,
Christina (Eds.), Psychology of motor behavior and sport - 1977.
Champaign, Ill.: Human Kinetics,‘197e.

}

Lewko, J.H. The identification of tests used in assessing motor

impairment. In G.M. Asprey and W. P. Liemohn (Eds. )4

Proceedings of the C.I.C. Symposium on P.E. for the Handicapped.
Iowa City: University of Iowa, 1974.




116

Lishmohn, W. and Knapcsyk, D. PFactor analysis of gross and fine motor
ability in developmentally disabled children. search
Quarterly, 1974, 45(4), 424-32,

A}

Lupart, J.L. Attention and disabled readers: A top-down perspective.
Unpublished doctoral dissertation, University of Alberta, 1961.

Malpass, L.P. Motor skills in mental deficiency. 1In N. Ellis (Ed.),
' Handbook of mental deficiency. New York: McGraw-Hill, 1963,

McKinlay, I. Strategies for clumsy children Developmental Medicine
and Child Neurology, 1976, 20, 494-501.

Mellor, V. The psychologist's assessment of the clumey child. 1In N.
Goxrdon and I. McKinlay (Eds.), Helping clumsy children.
Edinburgh: Livingstone, 1980.

Morgan, W.P. A case of congenital word blindness. British Medical
Journal, 1896, ii, 1378.

Morris, P.R. and Whiting, H.I.A. Motor impairment and compensatory
education. Philadelphia: Lea and Pebiger, 1971.

Moyes, F.A. A validational study of a test of motor impairment.
Unpublished master's thesis, University of Leicester, 1969.

Newell, K.M. Principles of skill acquisition and their implications
for assessment and programming. In R.E. Stadulis (E4d.),
Research and practice in physical education. Champaign, Ill.,
Human Kinetics Publishers, 1977. . ’

Orton, S8.T. Reading, writing and speech problems in children. New
York: W.W. Norton, 1937.

Paine, R.S. Syndromes of "minimal cerebral damage”. Pediatric Clinics
of North America, 1968, 15, 779.

Prechtl, H.F.R. and Stemmer, C.J. Developmental Medicine in Child
Neurologx, 1962, 4, 1l19.

Pringle, M.L.K., Butler, N. and Davie, R. 11,000 Seven-year olds.
-London: Longmans Green, 1966.

Pyfer, Jean Louise. Assessment and evaluation of the handicapped
child. Paper presented at the American Alliance of Health, P.E,
and Rec., Convention Milwaukee, Wisconsin, April 6, 1976.

Rarick, G.L. The factor structure of motor abilities of educable
mentally retarded children. In George A. Jervis (Ed.). ‘
Expanding concepts in mental retardation. Springfield, Illinois:
Charles C. Thomas, 1968. '

Reuben, R.N, and Bakwin, H. Developmental clumsiness. Pediatric
Clinics of North America, 1968, 15(3), 601-610.




117

Reynard, C.L. Nature of motor expectancies and difficulties in
Kindergarten ¢hildren. Unpublished masters thesis, University
of CAllzfornia, Los Angeles, 197S.

Roach, E.G. and Kephart, N.C. The Purdue perceptual-motor survéy.
Columbus: Marrell, 1966.

Roy, E.A. Apraxia: A new look at an old syndrome. Journal of Human
Movement Studies, 1978, 4, 191-210.

Rutter, M., Timard, J. and Whitmore, K. (Eds.). Education, health and
behaviour. London: Longman, 1970.

Schmidt, R.A. A schema theory of discrete motor learning.
Psychological Review, 1975, 82, 225-260.

Schonell, P.J. and Schonell, P.E. Diagnostic and attainment testing.
Edinburgh: Oliver and Boyd, 1950.

Singer, R.N. Motor skills and learner strategies. In H.P. O'Neil, Jr.
(E4d.), Learning'stratggios. New York: Academic Press, 1978.

Spillane, J.D. Lancet, 1942,’ 1;-42.

Stott, D.H. A general test of motor impairment for children.
Developmental Medicine and gpild Neurology, 1966, 8, 523-531.
)]

Stott, D.H. and Marston, N.C. The Bristol social adjustment guides (4th
ed.). London: University of Lohndon Press, 1971.

Stott, D.H., Moyes, P.A. qﬁd Henderson, E.E. A test of motor
impairment. Slough: N.F.E.R. Publishing Co. Ltd., 1972.

Symes, K. Clumsiness and the sociometric status of intellectually
gifted boys, Bulletin of Physical Education, 1972, 9, 35-41.

Tanner, J.M. Physical growth. In P. Mussen (EQ,), Carmichael's manual
of child psychology (3rd ed.). New York: Wiley, 1970.

Taylor, J. An adaptation of the Stott test. Unpublished manual,
University of Alberta, 1981.

Taylor, M.J. A screening test for skill deficient children: A pilot
study. Unpublished paper, University of Alberta, 1980.

Tomko, T. Effectiveness, efficiency and correlations of the Canadian
Cognitive Abilities Test with selected 1.9. tests. Unpublished
paper. Edmonton Catholic School District, 1981.

Torgeson, J. Conceptual and educational implications of the use of
efficient task strategies by. learning disabled children. Journal
of Learning Disabilities, 1980, 13(7), 364—371,

\ \




y . 1lle

Torgeson, J. Problems and prospects in the study of learning
disabilities. In M. Hetherington and J. Hagen (eds.). Review of
child development researxch Vol. S. New York: Russell Sage
Poundation, 1975.

Torgeson, J. The use of rationally defined subgroups in research on
learning disabilities. In J.P. Das, R. Mulcahy and A.E. Wall
(Eds.), Theory and research in learning disabilities. New York:
Plenum Press, 1982,

Torgeson, J. and Dice, C. Characteristics of research on learning
disabilities. Journal of Learning Disabilities, 1980, 13(9),
531-5135.

Torgeson, J.K. The role of nonspecific factors in the task performance
of learning disabled children: a theoretical statement. Journal
of Learning Disabilities, 1977, 10, 33-40.

Umansky, E. The development of a motor performance checklist for
identifying physically awkward children. Unpublished master's
thesis, University of Alberta, 1982.

i .

Vellutino, P.R. Dyslexia: Theory and research (2nd ed.). ,Cambridge,
Mass.: The MIT Press, 1979.

Wade, M.G. Categories of disabilities and their influence on the motor
performance of children. In R.E. Stadulis (BEd.), Research and
practice in physical education. Champaign, Ill.: Human-
Kinetics Publishers, 1977.

Wall, A.E. Physically awkward children: A motor development
perspective. In J.P. Das, R. Mulcahy and A.E. Wall (Eds.),
Theoxy and research in learning disabilities. New York: Plenum
Press, 1982.

Wall, A.E., McClements, J., Bouffard, M. and Findlay, H.A. A heuristic
model of intelligent motor development - Implications for the
mentally retarded, Unpublished Manuscript, University of
Alberta, 1982,

Wall, A.E., Terry, B. and Taylor, M.J. Needs and problems of

asgessment. Unpublished manuscript, University of Alberta,
1981.

Walton, J.N., Ellis, E. and Court, S.D.M. Clumsy children:
Developmental apraxia and agnosia. Brain, 1962, 85, 603-612,

Wedell, K. Diagnosing learning difficulties; A sequencing strategy.
Journal of Learning Disabilities, 1970, 3, 311.

Welford, A.T. PFundamentals of skill. London: Methuen,‘1968.




119

. vy

Whiting, H.T.A., Clarke, T.A. and.Morris, P.R. A cliniocal validation of

the stott test of T impairment.
’ ﬁl"’a !o 270-274.



APPENDIX A

TEST BATTERY RELIABILITY COEFPFICIENTS

120



18}
Test-Retest Correlation Coefficients
for .
Motor Performance Test Battery
¢ year olds 10 year olds 12 year olds
Task | ) 4 | § r | 4
Upper Limbdb Coordination
e W L 8 4 &4 ¥
Throw and Catch .78 .64 .50 .%3 .24 .78
’ xw x N | & 4
Target Throw .10 .32 - .40 .35 .60 .49
rine Motor Coordination
t & 4
Board Lacing .29 . 47
Lower Limb Coordination
L 3 4 xw
Stork Balance R. .51, .51,
Stork Balance L. .50 . 40
5 4 4
Wide Board Balance R. .69 .37,
Wide Board Balance L. .42 ‘ .64
Narrow Board Balance R. .18 .36:
Narrow Board Balance L. .15 .43
’ *
Controlled Jump R. . .36 .27,
Controlled Jump L. .34 .43
& 4 L & 4 L & 4 xR L & L & 4
Dodge Run .69 .70 .77 .83 .80 .71
L B 4 L & 4 xw "R
.18 70

Total Score .55 .63 .16 .61

®
P <.05

~

x
p <.01
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Cqptrol and balange of Whe body while immobile ’

Control and coordinaties of the upper limbe
Control and coordimation of the body while in motion
Manual dexterity with the emphasis on speed

Leg speed and agility.

(Por further details see the Stott Test of Motor Impairment, 1972,
and the Adapted Manual, 1991, Taylor).

sanual is designed to:

Provide a detailed description of the tasks

Give verbal instructions for administration

Provide a training process for testers.
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Pollowing is a training procedure designed to ensure understanding and
standardized administration.

Task 1

_Notes on general testing technique and specific instructions are
provided. Read them thrbugh. It is not necessary to memorize the
words, but they should be in front of the tester for referral during
administration. There is a danger that after frequent administrations,
testers will adopt their own mode of instruction which even though
effective, will significantly alter the standard administration of a
test. During your reading pay particular attention to the following.

1. A comfortable and efficient arrangement of equipment and scoring
forms should be adopted prior to testing.

2. Note the manner for assessing handedness.
3. Note accommodations recommended for the learning disabled.

4. Learn the administration and scoring procedure required for each
task.

5. Before testing ensures it is important that the tester establish a
rapport with the subject, and attempt to ensure a relaxed
atmosphere while stil¥ promoting the subject's best effort.

6. Shoes should be worn for all balance tests. Note the position of
the tester during balance subtests. Timing should not begin until
the balance position is attained.

S

7. Note the equipment set up and preparation needed for each task.
8. Note the number of trials required for particular subtests.
9. Note the conditions of failure, especially for balance items.

10. If it is apparent that the subject does not understand the
instructions the first time, repeat them. If a second
demonstration is needed, provide it. I1f no response 1is
forthcoming or difficulty is still apparent, ask the child what
part he does not understand. In severe cases, ask the child if he
would prefer to go on to another item and return to the
troublesome tasgk later. )
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GENERAL TESTING INSTRUCTIONS

Test Room The test room should be at least 40' x 16’ to ?
accommodate throwing items, running distance, etc.

It must have one blank wall suitable for ball
throwing. At least part of the floor should be a hard solid surface
for ball bouncing, jumping, ett. (carpeting is unsuitable). All floor
and wall markings should be made prior to testing as these require
careful measurement. If a permanent testing room is available it would
be ideal to have these painted on the floor.

A table and three chairs are required. The height of the table amd the

one chair may have to be adjusted to suit the size of the child being

tested. A school desk and chair may be suitable.

Equipment The equipment needed for each age level is listed g

before the description of the test items. A stop

watch and scoring forms are required at all levels. The manual should

be at hand.

A rubber mat is provided and should always be used when the subject has

to pick up small objects such as pegs.

Recording (i) Since counting a number of catches or throws can

Techniques be a source of error, the tester should use the small
; grids on the Test Record to mark the result of each

trial as made.

(ii) As the tester must observe the subject carefully

during the timed tests, he may allow the subject to

complete the task before checking the stop watch and
recording the time.

(iii) The tester should choose a suitable place to

stand for balance or coordination items so that he

can see the subject's feet.

(iv) wWhen an item is difficult to complete or is

failed because of comprehension problems, this should

be noted on the record form.
Establishing Place a pencil and the recor sheet, printed side
the Preferred down, in front of the subject. BAsk him/her to write or
Hand print his/her name. The hand used to hold the pencil
should be recorded in the scoring form and treatef
throughout the testing as "preferred hand"”. 1In addition, for ball

skill tasks, the subject should be asked to perform the skill with the
hand he prefers. ’

Checking Subjects are not required to change for the test but
Clothing should wear a minimum of clothes so that observation

of movement is easier. Rubber scled gym shoes must
be worn. All tests should be done with the subject in gym shoes and
not barefeet.
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Demonstration The tester should normally demonstrate the task to
and the subject in order to overcome any difficulty in
Encouragement attending or understanding verbal instructions. The

most important features.of the task should be
emphasized, e.g.; while demonstrating a timed task say, "See how many
you can do while I time you." The cue words "Ready? Begin" or "Ready?
- Go™, should be used in most cases where timing is necessary.

General It is important to remember that the test is
Note . intended to discover motor impairment and NOT
inability to comprehend instructions, poor
motivation, etc. Every effort should be made to get the best out of
the child. As a modification to this manual verbal instructions are
included. Wwhen difficulty of comprehension is suspected as a cause of
failure, the tester should repeat demonstrations and simplify
instructions.

Notes on the Test Categories

Category 1: Subject should stand away from furniture, walls, etc.
Balance Items Demonstration helps convey to the child the balance

position to be adopted. Tester should make sure that
the position is correct and that the subject is balanced before
starting the stop watch. If the tester is satisfied that a subject is
definitely incapable of achieving the balance position he should record
failure. Where necessary the tester should advise the performer to
stand with the balancing foot on the middle of the balancing board and
the weight over that foot.

Category 2: In the ball throwing or catching the ball must be in

Upper Arm v good condition as resilience is important especially
Coordination *  in bouncing items. The scoring system is designed to

accommoda;e varied experience in ball handling.
e 7 Y

Category 3: For the purpose of the test, knee height 1is taken as

whole Body the distance from the floor up to the beginning of
Coordination the knee cap. Some children are apprehensive in the

jumping items. The tester should encourage and help
the child where necessary. '

Category 4: A plastic mat is provided as a standard surface for
Manual Tasks all tasks requiringﬂk&e picking up of small objects.
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Testing of Learning Disabled Children

Learning disabled children tend to have related problems such as
timidity, lack of attention, inability to persevere with a task, and
difficulty with imitation. As the test is designed as one of motor
impairment it is permissible to modify the procedure in order to
minimize these extraneous handicaps. In doing so the tester may find
the following observations helpful. .

Fatigue The larger amount of motor disability usually found

among the learning disabled often necessitates time
being spent on verbal encouragement and prompting. No effort should be
made to rush the subject through the test.

Comprehension The tester should use very simple words and repeat

the instructions as often as is necessary. He should
anticipate difficulties during the performance of the task and remind
the subject just before the difficulty arises.

A task may be broken down into several parts to help the subject
understand what is required, e.g.: in throwing and catching, each may
be done separately, then combined. Attempts at parts of a test should
not be scored as complete trials. If the tester is not satisfied with
the subject's understanding of the instructions, the number of trials
allowed should be increased.

Demonstration Demonstrations may have to be repeated several times.
To avoid difficulty in imitation the tester should
stand alongside the subject. In manual dexterity t it may help to

reach over the child from behind.

Notes on Test Balance Items (Category 1): Failure in concentration

Categories is particularly noticeable in balance work.

(learning Continuous verbal encouragement is necessary. Many

disabled of these children may be unable to assume the )

children) required balance position - this must be regarded as
failure.

whole Body Coordination (Category 3): Some subjects may be
particularly timid when attempting tasks in this category. To overcome
these fears the tester may give assistance in the first few trials,
until confidence is gained.
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SCORING . PROCEDURE

The battery consists of 10 tasks. All raw scores and comments are

recorded on the record form. Performances are measured in seconds;

number of catches; or success in jumping. It is important that a score
be recorded for every trial, whether the child is successful or not.

‘Note:

1a addition, it is important that the tester note any idiosyncracies in
Performance and any factors which he feels have affected the
performance, for example, anxiety, comprehension, slow reaction time,
or inattention.
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129

DODGE RUN

5 traffic cones
masking tape

8' tape measure
gym floor 40' x 16'
stop watch

scoring sheet

Course consists of 5 traffic cones placed as per
diagram, on corners of 8' square. Each cone is
outlined on the floor with tape so that if it is
knocked over accurate replacement 1is possible.
In addition the path is marked on the floor with
masking tape to avoid confusion.

student stands in starting box. Student must
wear running shoes.

On signal ready, go, the subject runs a weaving
pattern to the outside of each cone. Tester
stops the watch as subject passes the last cone.
If subject traces incorrect path, trial is
repeated. ‘ i

Three

Best time of 3 trials.
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Finish Line

-+

DODGE RUN
9'
Starting Bo
EQUIPMENT 5 traffic cones gym floor 40' x 16°'
masking tape sébp watch
8' tape measure scoring sheet
PROCEDURE Pive traffic cones are placed on corners of 8’

squares, as per diagram. The path is marxked on
the floor with masking tape.

Have subject in starting box at start cone.

a) Say "When I say ready? go, run as quickly as
possible. Follow the tape lines on the floor and
go to the outside of each cone. when you go by
the last cone run to the finish line.” -

b) Say, "Now follow me and we will trace the path
together."* Walk through the course once, with

the student behind you. At the end of the

course, the student hands the scoring sheet to the
tester. Ask the subject to return to the start
and begin with ready? go.

Tester stands on 4' restraining line facing
subject. He begins watch on word "go". As
subject approaches the last cone the tester
pivots on the line and stops the watch as any
part of the subject's body passes the cone. If
an incorrect path is traced, or the subject
falls, the trial is repeated. Record after each
trial to the nearest 10th of a second.

TRIALS Three

SCORING Best time of three trials.
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THROW AND CATCH

Tennis ball
Scoring grid on Record Sheet

Subject stands facing a smooth wall at a distance
of 8 feet. (mark with tape)

Subject throws the ball to hit the wall and
catches it on the return with both hands. He
must use an underarm throw.

The ball must be caught clear of the body, not
trapped against body or clothing.

The tester should demonstrate the proper way to
catch if the subject holds his hands too closed
or too open, does not move his body or arms to
meet the ball, or commits some other error of
technique.

- The tester should also show_the child that the

ball must be thrown high enough to give a good
rebound.

Success or failure should be entered on the grid
after each attempt.

15. Do all of them.
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THROW AND CATCH

Tennis ball
Scoring grid on record sheet
Smooth wall and 8°' distance marked on floor.

a) Say, "Now I want you to stand behind this line
and throw the ball to the wall, underhand. When
the ball returns, catch it with both hands. Try
not to use your body to trap the ball."

Then demonstrate and say, "It should look like
this. Throw the ball to the wall, and catch it
with both hands. Now you try it. Good.

Can you do 15?"

The testey should correct errors of technique if
the subjec¢t has difficulty and indicate that the’
ball must be thrown high enough to give a good
rebound.

15 with preferred hand. Do all of them. Record
after each trial. Give two practice trials.
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TARGET THROW

L2 e

EQUIPMENT Tennis ball
12" circular board
Scoring grid on Record Sheet

LAY OUT The target is hung on a wall at the height of the
subject’'s chest with masking tape.

The subject stands behind a chalked or taped line
10 feet away.

TASK The subject throws the ball, either underarm or
overarm, at the target with the preferred hand.

The height of the target may be ajusted if the
subject feels it is too high or too low.

Only the preferred hand is tested.

Success or failure should be entered on the grid’~
after each attempt.

TRIALS 15. Do all of them. Give 2 practice trials.

SCORING Record after each attempt. A throw is successful
if any part of the target is hit. 1If any problems
of style, or pattern of misses occurs, record on
data sheet.
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TARGET THROW

Tennis ball
12" circular board
Scoring grid on record sheet

Place target on wall at subject's chest height.
Mark 10' distance on floor with tape.

a) Say, "Throw the ball with your right
(preferred) hand, in whatever manner you wish, and
try to hit the target. You have 15 tries.”

15. Do all of them. Mark after each attempt.
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THROW, CLAP AND CATCH

EQUIPMENT Tennis ball
Scoring grid on recoxd sheet

PREPARATION The starting position must be away from walls and
furniture.

Tester stands in front of and to the side of the
subject.

TASK Subject throws the ball into the air with
preferred hand, and catches the ball cleanly in
two hands. The ball must not be trapped against
the body or clothing. Test to three trials or
success, whichever comes first in the following
categories. Discontinue testing with three
consecutive failures.

TRIALS a) Catch the ball with both hands.

b) Ccatch the ball with both hands after 1 clap.

c) cCatch the ball with both hands after 2 claps.

d) catch the ball with both hands after 3 claps.

e) Catch the ball with both hands after 4 claps.

£) catch the ball with preferred hand after 4

claps.

FAILURE If ball is not caught in prescribed manner, or
clap is not visible or audible before the ball is
caught.
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PROCEDURE

TRIALS

FAILURE

THROW, CLAP AND CATCH

Tennis ball
Scoring grid on record sheet

a) Say, "Now I want you to throw the ball into
the air with one hand and catch it with two. Try
not to use your body to trap the ball."” Give
three trials. 1If successful continue in this
manner. "Now, throw the ball into the air with
one _hand and clap once before you catch it with
both hands."” Then demonstrate and say, "It
should look like this. Throw the ball up, clap,
and catch. Now you try it.”

The tester should correct errors of technique if

the subject has difficulty and indicate that the

ball must be thrown high enough to allow time for
the clap. .

Allow three trials or success whichever comes

first. Record after each trial. 1If successful

continue to the next condition.

If ball is not caught in prescribed manner, or
clap is not visible or audible before the ball is
caught.

Score expressed in one of the following
categories.

a) Cannot catch the ball with both hands.

136

b) Can catch the ball with both hands after O claps.
c) Can catch the ball with both hands after 1 clap.

d) Can catch the ball with both hands after 2 claps.
e) Can catch the ball with both hands after 3 claps.

f) Can catch the ball with both hands after 4 claps.

g) Can catch the ball with preferred hand after
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STORK BALANCE
Right and Left

13

5

Stop watch

Subject must wear running (gym) shoes. The
starting posi must be away from walls and

rrnituro .

Tester must
the subject
clearly.

in front of and to the side of
the feet can be obsergcd

Subject stands on one foot and places the sole of
the other foot against the side of the supporting
knee. The hands are placed on the hips with the
fingers facing forwards.

Tester should ensure that subject is in the
correct position before starting the stopwatch.
The task is repeated with the other leg raised.

Three for each legq.

Discontinue timing after 20 sec.

Record time for each trial.

Stop watch:

If the standing leg is moved from the original
position.

If the free foot is moved from the inside of the
knee.

If the hands are removed from the hips.

If the subjeect cannot adopt the balancing
position, assess score of O.



EQUIPMENT

PROCEDURE

TRIALS

FAILURE

C——— v ——

138

STORK BALANCE
Right and Left

Stop watch

Starting position must be away from walls and
furniture. Subject must wear running shoes

a) Say, "Watch me." Then demonstrate task.
Stand on one foot and place sole of the other
foot against the side of the supporting knee.
Place hands on hips with fingers facing forward.

b) Then stand in front of and to the side of the
subject so that the feet can be observed clearly
and say,”"Now you try it. Let's see how long you
can do it. Now do it with the other foot."

Tester should ensure that correct position is
attained before starting watch.

Give three for each leg.
Standing leg is moved from the original position.

Free foot is moved from the inside of the knee,

Hands are removed from the hips.

Subject cannot adopt the balancing position.
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EQUIPMENT

LAY OUT "

TASK

TRIALS

»,

o v e s

BOARD LACING

Lacing board
Lace
Stop watch

The subject takes the board in one hand. He
holds the lace, which is quite separate from it,
near the unknotted end ready for lacing.

On a signal the subject threads the lace back and
forth through the holes, pulling it as far as it
will go each time. The lace must not be wound
round the edge of the board, but threaded
straight in and out.

The tester should demonstrate threading with one
hand, and may remind the subject that this is
easier, but he is not disqualified if he uses
both hands.

Three
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BOARD LACING

Lacing board
Lace
Stop watch

a) Say, "I _am going to show you how to thread the
board. Hold the board in one hand, and hold the
lace in the other, at the unknotted end. Now
pull the lace through the holes as far as it will
go. Keep threading in and out, like this. You
may use two hands if you wish.

b) Remove the lace and give the lace and board to
the subject. Then say, "Ready? Go."

Give three trials.
Record time for each trial, and any 'errors in
lacing.
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_ WIDE BOARD BALANCE
- Right and Left

) Wb,

& ‘4\"';’-1 >,
N R
- ‘ . 7 ¥
Stop watch

One balance board
Subject must wear running (gym) shoes.

The balancing board should be placed with the
keel on the underside, away from walls and
furniture.

Tester must stand in front of and to the side of
the subject so that the feet can be clearly
observed.

Subject balances on the board on one leg. Tester
may advise the subject to place his foot firmly
on the middle of the board then raise the other
foot gently.

Tester should ensure that the subject is in the
correct position before starting the stop watch.

Three for each leg.

pDiscontinue timing after 10 seconds.
Record time for each trial.

Stop wWatch:

If the standing leg is moved from the board.

If the board tilts so that the sides of the board
touch the floor.

If the free leg touches the floor.

If the subject cannot adopt the balancing
position, assess score of O.
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WIDE BOARD BALANCE
Right and Left

Stop watch
One balance board

Place the balance board with the keel on the
underside on the fldor away from walls and
furniture.

a) Say, "Place one foot on the middle of the
board. WNow raise your other foot gently off the
floor. @ood” or "Like this. Now let's see how

long you can do it. Good, Now, place your other
foot on the board.

Tester should ensure that tN‘bsubject is in the
correct position before starting the stop watch.

Give three for each leg.

Standing leg is moved from the board.

Free leg touches the floor.

Subject cannot adopt the balancing position.

If the board tilts so that the sides of the board
touch the floor.
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PEG BOARD
Right and Left

12-hole board

Ten plastic pegs

- Plastic mat

Stop watch

The plastic mat is laid on a table with the board
of holes placed in front of the subject. On the
gide of the subject's preferred hand the ten
plastic pegs are laid out in a single row one
inch apart. The row should be about three inches
from the board.

The pegs are subsequently laid out on the other
gside of the board for the non-preferred hand.

on a signal the subject, using one hand, places
the pegs one at a time in the holes. He should
be encouraged to steady the board with the other
hand.

Three for each hand.



EQUIPMENT

PROCEDURE

TRIALS

PEG BOARD
Right .and Left

12 hole board
10 plastic pegs
Plastic mat
Stop watch

With the plastic mat on the table, the board of
holes is placed in front of the subject. The ten
plastic pegs are placed in a single row, one inch
apart and about three inches from the board on
the side of the subject's preferred hand.

a) Say, "Now when I say go, I want you to pick up
the pegs one at a time and put them in the holes.
You can hold the board steady with your other
hand. Ready? Go."

b) Then lay the pegs out on the other side of the
board for the non preferred hand.

Give three trials for each hand. Allow child to
place the pegs in any pattern they wish. Record

time taken for each trial. Record comments.

»
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SCORING

NARROW BOARD BALANCE
Right and Left

One balance board ~.
Subject must wear running (gym) shoes.

The balance board must be placed with the keel
uppermost, away from walls or furniture.

Tester should stand in front of and to the side

of the subject so that the feet can be clearly
observed.

»

subject balances on the keel on one leg. Tester
may advise the subject to centre hisgs foot firmly
on the keel then lift the other foot gently.

Tester should ensure that the subject is in the
correct position before starting the stop watch.

The task is repeated with the other leg.
Three for each leg.

Discontinue timing after 14 seconds.
Record time for each trial.

Stop watch:
If the standing leg is moved from the board.
If the free leg touches the floé.:‘.‘

If the subject cannot adopt the balancing
position, assess score of 0.
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NARROW BOARD BALANCE
Right and Left

EQUIPMENT Stop watch
One balance board.

PROCEDURE Place balance board on the floor away from walls
or furniture with the keel on the upper side.

a) Ssay, "Place one foot on the centre of the
board and raise the other gently off the floor
until you balance. Good. Let's see how long you
can do it."

Testexr should stand in front of and to the side
of the subject so that the feet can be clearly
observed.

Tester should ensure that the subject is in the
correct position before starting the stop watch.

TRIALS Give three for each leg.
FAILURE Sstanding leg moved from the board. }
Free leg touches the floor.

Subject cannot adopt balancing position.
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CONTROLLED JUMP
Right and Left

Set of jumping stands
Weighted cord
Stop watch

Tester measures subject’'s knee height from the
floor to the lower border of the kneecap and
places the cord on the pins at the same height.
The pins should be on the far side of the child
as he jumps to allow the cord to fall off without
pulling down the stand.

The jumping stands should be rather more than
shoulder width apart.

Subject takes off with the feet together, jumps
over the cord, and lands on one foot. Subject
must remain on the landing foot for 5 seconds
without the other foot touching the ground. (A
minor adjustment of the landing foot is

‘permitted. )

Both feet are tested.

The stop watch should be started when the subject
lands.

Give three for each leg.
Record time of each trial.

Indicate failure and assess time of O:

If subject does not take off with two feet
together.

If subject does not land on one foot and maintain
the positiﬁn for Se«seconds.

If subject’/displaces the cord.
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PROCEDURE

TRIALS

FAILURE

CONTROLLED JUMP
Right and Left

Set of jumping standards
Weighted cord
Stop watch

Measure subject's knee height from floor to the
lower border of the kneecap. Place cord on pins
at this height. Standards should be slightly
more than shoulder width apart. Pins face
direction of jump.

sSay, "FPirst we will measure your leg. Now stand
with your feet together, jump over the cord, and

land on your right (preferred) foot. When you
land keep your position as long as you can.”

Start the stopwatch when the subject lands.
Three trials for each leg.

Subject does not take off with 2 feet together.
Cord is displaced.

Subject does not land on one foot and keep
position for 5 seconds.

Note: A minor adjustment of the landing foot is
permitted.

140



|
|

|
ARRANGEMENT OF Tl’?*ﬂc EQUIPMENT

On table
Stop watch
Record form
Manual
Plastic mat
Paper
Pencil

Table

ODD D Subject chair

C:: \U ¢—Examiner's chair

Ve

Extra chair T

Equipment

5 traffic cones
5 tennis balls
12" target
masking tape
lacing board
lace

12 holed board

10 plastic pegs

jumping standards 2 pegs
weighted string

balance board

Brief case

Note:

Equipment for each task should
be kept in the briefcase on the
chair out of the subject's sight.
Return equipment to the case as
soon as you have completed the
subtest,
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. Task 2

A txus/false quix is provided for self-evaluation. Db it without
reference to the text. Check your answers and score the test. Re-read
reference sections for any errors you may have made.

Quis
i
Circle the most appropriate answer. Do not omit any questions.

T F 1. It is essential that all tests be done in barefeet, except
for the balance subtests.

T P 2. The testing procedure involves administering all tests at
each age level. ’

T P 3. One demonstration per lubtont'il,recommcndod for slow
learners. - '

v

T F 4. When timing a subject, observations should be made before
the time is recorded.

T F S. On the target throw, the ball must be thrown overhand.

T F 6. On most subtests it is not necessary to complete all trials
if success occurs first.

T P 7. The lacing board task may be done with either hand.
T F 8. In all catching subtests the ball must be caught cleanly.
T F 9. All balance items have two trials.

T F 10. To measure knee height the distance is taken from the flgor
to the bottom of the knee cap.

T P 11. Instructions should never be modified since standard
procedure would be violated.

T F 12. To determine the preferred hand, ask the student which is |
his writing hand.

T P 13. Reliability on the catching subtests can be impgpved by
recording after each trial. B

e * M,

T F 14. In all balance subtests the stop watch is begun7on£:he

command "Ready? Go." V;“l

T F 15. If a subject is reluctant to attempt a subtest, &a;failure
should be scored. v

s % e

T P 16. If it is apparent that a child does not underldﬁﬁﬁ €he

instructions, every reasonable effort should bém\adqi to
convey the desired outcome. A

AT

5
R



17.

10.

19.

20.

181

It is iAmpoctant to have all of the testing equipment on the
table in fromt of the subject.

™e stork stand is timed t%u maximum of 1¢ seconds.
The sudbject may place the 12 pegs in the board in any order.

In the ¢lap and catch task a total of 21 trials is given
before failure is recorded.
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Task 3

Watch a test demonstration:

Task 4
Learn thQ‘teet and administer it to your partner. Comment on problems.
Task S

Administer the test for gvaluation of procedural technique.
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= COMMON EQUIPMENT AND CRITERIA PROBLEMS

Item Problem " Solution

Jump with one Subject lands with a slight<e Phasize minor adjust-
foot landing hop. ments are permitted.

General Comments

1. Whenever there is doubt about marking a trial + or -, give an
additional trial and point out the criteria to the subject so that
he is aware of the desired performance.

2. Do not hesitate to demonstrate and repeat instructions if confusion
or lack of understanding is evident.
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LIST OF COMMON paou!:ns
N hY

Pollgﬁlng are some of the problems which I have observed since training
began. Would you read this list and try to tak. each point into
consideration when testing. Thanks. Y

10.

11.

12.

13.

when assessing handedness be sure to ask if the child does all
tasks with the same hand. eg. (writing and throwing).

) L
Take particular note of balance failure conditions. eg. (hands
taken off hips, foot off knee.

There is a tendency for some examingys to start the stop watch at
the initiation of balance rather than when the child has

attained balance. Please let the child assume the balance. This
procedure will decrease the fajlure rate considerably.

It may be helpful to encourage during balance tasks.

Be sure to tell the child he can use two hands for the lacing task
if he wishes.

Check the placement of the pegboard on the plastic mat.

Pegboard

Qv Hand

Have the child begin the peg tag& with the plac1ng hand on the
table edge.

Make sure subjects perform the dodge r‘;@}n the same footwear for
all three triails.

Check the distance of the dodge run after you have set up the
course.

Ask child if the target is at the preferred height for him.
In Gubbay's test, give only 3 trials if the child is unsuccessful.
After 3 trials on 1 task, discontinue testing. A perfect score

would look like this.

- 0 1 2 3 4 4D

v v v v v v

Make instructions slow enough to be understood.

Demonstrate the tasks.



14.

15.

16.

17.

158

LY

Always record after each trial. (nearest 10th of a second on
timed tasks).

Remember to note if child is anxious, inattentive, etc.

If you attribute failure to your inadequate instructions, give a
re-trial.

. ]

Regarding the question of intervention and éncoutagenont during a
task; generally, do sc between trials on the fine motor tasks.
Remember you may be adding to anxiety by tdo much encouragement.
Also, a primary consideration is offering the same degree of
encouragement to each subject.
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Evaluation of Testing Technique

1. General knowledge of format

2. Method of presentation eg.,
method of gaining rapport,
quality of voice and instructions
(clear, pleasant, encouraging),
relaxed manner.

3. Attention to specific details eq.,
correct arrangement of equipment,
method of demonstrating, knowledge

of conditions of failure, flexibility

in difficult situations.

ay

4. cCan tester conduct test in a
flowing manner, without paying
constant attention to the manual?

5. Does he record after every trial?

General Comments

Needs ~ ‘
satisfactory Work Comments




Name

Sex

Age

Birthdate

Preferred Hand

Sschool

Grade

Examiner

RECORD FORM

Date

Dodge
Run

Comments

Throw &
Catch

Target
Throw

Clap &
Catch

4D

o ?
oot

187
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VIR
N4

1 R2 3 1 L2 3 Comments
Stork
Balance (20)
Lacing
1 2 3 1 2 3
Board
Balance (10)
1 2 3 1 2 ¢ 3
Pegs |
1 2 3 1 2 3
Board
Balance (14) i
1 2 3 1 2 | 3
Jump 1 Foot
Landing (5)

158
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SCHONELL GRADED READING TEST
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tree

school

flower

picture

dream

crowd

saucer

canary

smoulder

university

physics

forfeit

colonel

genuine

pneumcnia

oblivion

terrestrial

miscellaneous

ineradicable

rescind

Schonell Graded Reading Test

little

sit

road

think

downstairs

sandwich

angel

attractive

applaud

orchestra

campaign

siege

soloist

institution

preliminary

scintillate

belligerent

procrastinate

judicature

metamorphosis

FORM A

milk

frog

clock

summer

biscuit

beginning

ceiling

imagine

disposal

knowledge

choir

recent

systematic

pivot

]

antique

satirical

adamant

tyrannical

preferential

somnambulist

egg

playing

train

people

shepherd

postage

appeared

nephew

nourished

audience

intercede

plausible

slovenly

conscience

susceptible

sabre

sepulchre

evangelical

homonym

bibliography

160

book

bun

light

something

thirsty

island

gnome

gradually

diseased

situated

fascinate

prophecy

clasgification

heroic

enigma

beguile

statistics

grotesque

fictitious

idiosyncrasy
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Schonell's Graded Word Reading Test (1970)

Revised Norms

No. of words No. of words No. of words
Read R.A. Read R.A. Read R.A.
Correctly Yrs Mths Correctly Yrs Mths Correctly Yrs Mths

0~-1 6.0 minus 33 8.3 61 10.4
2 6.0 34 8.4 62 10.5
3 6.2 35 8.5 63 10.6
4 6.4 36-37 8.6 64 10.7
5 6.5 38 8.7 65 10.8
6 6.6 39 8.8 66 10.9
7-8 6.7 40 8.9 67 10.10
9 6.8 41 8.10 68 11.0
10 6.9 42 8.11 69 11.1
11-12 6.10 43 9.0 70 11.3
13-14 6.11 44 9.1 71 11.4
15 7.0 45 9.2 72 11.5
16 7.1 46 9.3 73 11.6
17-18 7.2 47 9.4 74 11.8%*
19 7.3 48 9.5 75 11.10
20-21 7.4 49-50 9.6 76 12.0
22-23 7.5 51 9.7 77 12.1
24 7.6 52 9.8 78 12.2
25-26 7.7 53 9.9 79 12.3
27 7.8 54 9.10 80 12.4
28 7.9 55 9.11 81 12.5
29 7.10 56 10.0 82 12.6
30 8.0 57-58 10.1 83+ 12.6+
31 8.1 59 10.2

32 8.2 60 10.3 *Revigsed reading ages

beyond 11.6 have been
extrapolated from the
7-11 1/2 year age
population.
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ANOVA for Throw and Catch

163

o
SOURCE af MS F p
Between
A Group 1 36.057 3.854 SIG
B Sex 1 249.302 26.643 SIG
C Grade 2 953.293 101.880 SIG
AB Group X Sex 1 12.948 1.384 NS
AC Group X Grade 2 20.080 2.146 NS
BC Sex X Grade 2 // 62.530 6.683 SIG
ABC Group X Sex X Grade 2 17.232 1.842 NS
Error 228 9.357
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ANOVA for Target Throw
SOURCE af MS P
Batween

A Group 1l 0.664 0.116 NS

B Sex 1 182. 448 31.778 SIG

C Grade 2 384.582 66 .985 SIG
AB Group X Sex 1 0.005 0.001 NS
AC Group X Grade 2 1l.494 0.260 NS
BC Sex X Grade 2 7.819 1.362 NS
ABC Group X Sex X Grade 2 6.635 1.156 NS

Exror 228 5.741



#

ANOVA for Throw, Clap and Catch

SOURCE . af

Ms P
Between = .. .
A Group 1 19.460 14.571 SIG
B Sex . ¥ 1 5.000 3.744 SIG
C Grade - * 2 79.618 59.615 SIG
AB Group X Sex 1 0.020 0.015 NS
AC Group X Grade 2 0.477 0.357 NS
BC . Sex X Grade 2 1.184 0.887 NS
ABC Group X Sex X Grade 2 0.214 0.160 NS
Errorx 22§ 1.33¢



ANOVA for Board Lacing

166

SOURCE af MS ) 4 P
Between
A Group 1 60.263 1.847 NS
B Sex 1 77.871 2.387 NS
C Grade 2 1322.026  40,.519 SIG
AB Group X Sex 1 0.152 0.005 NS
AC Group X Grade 2 11.574 0.355 NS
BC Sex X Grade 2 63.640 1.951 NS
ABC Group X Sex X Grade 2 2.581 0.079 NS
Error ' _ 228 32.627
3
D Trials ’ 2 340.819  34.260 SIG
AD Group X Trials 2 1.101 0.111 NS
BD Sex X Trials 2 5.313 0.534 NS
CD Grade X Trials. . 4 4.857  0.488 NS
ABD Group X Sex X Trials 2 26.564 2.670 NS
ACD Group X Grade X Tiials 4 24.344 2.447 S1G
BCD Sex X Grade X Trials 4 15.274 1.535 NS
ABCD Group X Sex X Grade X Trials 4 12.941 l1.302 NS
Error 456 9.948



ANOVA for Peg Board Right

167

SOURCE af MS P . . P
» “&‘ )
—3
e ﬂk o )
Between - SR
d

A Group 1 95.100 6.631 SIG

B Séx 1l 10.777 0.752 NS
C Grade 2 452 .009 31.519 SIG

AB Group X Sex 1 5.237 0.365 NS

AC Group X Grade 2 8.842 0.617 NS

BC Sex X Grade 2 4.554 0.318 NS

ABC Group X Sex X Grade 2 10.550 0.736 NS

Erxor 228 14.341
Y ( "‘.

D Trials 2 34.154 8.054 SIG

AD Group X Trials b 2 5.313 1.253 SIG
BD Sex X Trials 2 1,935 0.456 SIG
CD Grade X Trials 4 5.332 1.257 SIG
ABD Group X Sex X Trials 2 3.605 0.850 SIG
ACD" Group X Grade X Trials 4 7.210 1.700 S1G
BCD Sex X Grade X Trials : 4 4.212 0.993 S1G
ABCD Group X Sex X Grade X Trials 4 1.916 0.452 SIG

4.241

Error 456

’
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ANOVQ for Peg Board Left

%)

SOURCE df MsS F P
Between
A Group 1 116 .351 5.087 SIG
B Sex - 1 146.179 6.391 SIG
C Grade ' 2 665,244 29,082 SIG
AB Group X Sex 1 14.572 0.637 NS
AC Group X Grade 2 4.668 0.204 NS
BC Sex X Grade 2 17.381 0.760 NS
ABC Group X Sex X Grade 2 4,820 0.211 NS
Error 228 22.874
D Trials 2 50.927 7.039 SIG
AD Group X Trials 2 14.914 2.061 NS
BD Sex X Trials 2 0.114 0.016 ~ NS
CD Grade X Trials 4 4. 402 b.608 NS
ABD Group X Sex X Trials 2 0.531 0.073 NS
ACD Group X Grade X Trials 4 5.485 0.758 NS
BCD Sex X Grade X Trials 4 2.675 0.370 NS
ABCD Group X Sex X Grade X Trials 4 11.499 1.589 NS
Error 456 7.235
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o
. ANOVA for Stork Balance Right
SOURCE af MS F P
Between
A Group 1 135.174 3.156 NS
B Sex 1 122.879 2.869 NS
C Grade 2 72.255 1.687 NS
AB Group X Sex £ 5] 1 1.290 0.030 NS
AC Group X Grade 'gF  of 3 256.610 5.991 SIG
BC Sex X Grade™ ) XC) 2 12.713 0.297 NS
ABC Group X Sex X Grade| 2 65.310 1.525 NS
Error \ 228 42 .834
*
4
D Trials 2 49.941 2.277 NS
AD Group X Trials 2 64.247 2.929 SIG
BD Sex X Trials 2 40.567 1.849 NS
CD Grade X Trials 4~ 1.252 0.057 NS
ABD Group X Sex X Trials 2 18.633 0.849 NS
ACD Group X Grade X Trials 4 34.799 1.586 NS
BCD Sex X Grade X Trials 4 23.566 1.074 NS
ABCD Group X Sex X Grade X Trials 4 17.760 0.810 NS

Exror 456 21.935



ANOVA for Stork Balance Left

170

SOURCE af MS P P
Between @

A Group 1 286.438 6.238 SIG
’D Se® 1 177.677 3.870 SIG
@ £ Grade 2 317.594 6.917 s1G

AB Group X Sex 5 1 197.107 4,293 SIG
AC Group X Grade . 2 52.066 1.134 ,, NS
BC Sex X Grade , 2 54,153 1.179 JNS
ABC Group X Sex X Grade 2 26.223 0.571 NS
Exror 228 :gw ‘ 45,916
Q-‘ >
D Trials ’ 2 33.737 1.500 NS
AD Group X Trials 2 5.806 0.258 NS
BD Sex X Trials 2 24.932 1.109 NS
CD Grade X Trials 4 86.334 3.839° S1G
ABD Group X Sex X Trials 2 6.110 0.272 NS
ACD Group X Grade X Trials 4 12.656 0.563 NS
BCD Sex X Grade X Trials 4 39,676 1.764 NS
ABCD Group X Sex X Grade X Trials 4 12.390 0.551 NS
Exror 456 22.489



171

'
ANOVA for Wide Board Balance Right
) o
SOURCE af MS P P
Between
A Group 1 % s1G
B Sex 1 NS
C' Grade 2 SIG
AB Group X Sex 1 SIG
AC Group X Grade 2 106.769 8.020 SIG
BC Sex X Grade - 2 2.301 0.173 NS
ABC Group X Sex X Grade ‘Y 2 26.631 2.000 NS
+ Erxrror 228 13.313
4 N .
D Trials 2 8.949 1.106 NS
AD Group X Trials 2 * 2.146 0.265 NS
BD Sex X Trials a 1.577 0.195 NS
CD Grade X Trials % 2.067 0.256 NS
ABD Group X Sex X Trials 2 0.849 . 0.105 NS
ACD Group X Grade X Trials @ 4 3.635 0.449 NS
BCD Sex X Grade X Trials ' 4 7.521 0.930 NS
ABCD Group X Sex X Grade X Trials 4 2.520 0.312 NS
Error 456 8.088

AT
Yo
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!
ANOVA for Wide Board Balance Left
X
Y
‘\
SOURCE 4 afg MS F P
Between
A Group 1 130.151 8.59¢ SIG
B Sex 1 \ 7.974 0.527 NS
C Grade 2 *73.668 4.865 SIG
- AB  Group X Sex 1 24.278 1.603 NS
*"WWC Group X Grade 2 4§ 21.828 1.441 NS
BC Sex X Grade 2 14,167 0.935 NS
ABC Group X Sex X Grade 2 42.391 2.799 NS
Error 228 15.144
At
I
D Trials 2 10.6884 1.340 NS
AD Group X Trials 2 3.489 0.430 NS
BD Sex X Trials 2 3.226 0.397 NS
CD Grade X Trials 4 13.675 1.684 NS
ABD Group X Sex X Trials 2 3.669 0.4” NS
ACD Group X Grade X Trials 4 5.462 0.673 NS
BCD Sex X Grade X Trials 4 9.621 1.18% NS
ABCD Group X Sex X Grade X Trials 4 2.124 0.262 NS
Error 456 8.120



ANOVA for Narrow Board Balance Right

173

SOURCE af MS F p
vﬁBetgnen
A Group 1 92.856 2.707 NS
B Sex 1 11.043 0.322 NS
C Grade 2 113.135 3.298 S1G
AB Group X Sex 1 104.886 3.057 NS
AC Group X Grade 2 49.127 1.432 NS
BC Sex X Grade ot 2 6.259 0.182 NS
ABC Group X Sex X Grade 2 15.832 0.461 NS
Error 228 34.306 t
D Trials 2 15.557 1.153 NS
AD Group X Trials 2 28.324 2.100 NS
BD Sex X Trials 2 3.861 0.286 NS
CD Grade X Trials 49 16.505% 1.224 NS
ABD Group X Sex X Trials 2 4.483 0.332 NS
ACD Group X Grade X Trials 4 6.302 0.467 NS
BCD Sex X Grade X Trials 4 10.228 0.758 NS
ABCD Group X Sex X Grade X Trials 4 14.693 1.089 NS
Error 456 13.487



ANOVA for Narrow Board Balance Left

174

SOURCE as MS 14 p
Between
A Group - 1 450,387 13.496 SIG
B. Sex 1 5.645 0.169 NS
C Grade 2 105 979 3.176 SIG
AB Group X Sex 1 249.244 7.468 SIG
AC Gro¢p-& Grade 2 125.654 3.765 SIG
BC Sex X-Gfade 2 80.755 2.420 NS
ABC Grodg‘t Sex X Grade 2 97.865 2.932 NS
Error.,. 228 33.373
D Trials 2 1.712 0.127 NS
AD Group X Trfals 2 2.021 0.150 NS
BD Sex X Trials 2 21.828 1.625  .NS
CD Grade X Trials 4 23.556 1.753 NS
ABD Group X Sex X Trials 2 7.009 0.522 NS
ACD Group X Grade X Trials 4 5.999 0.447 NS
BCD Sex X Grade X Trials 4 16.962 1.263 NS
ABCD Group X Sex X Grade X Trials 4 15.142 1.127 NS
Error 456 13.434
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ANOVA for Controlled Jump Right

178

SOURCE af MS F P
Between
A Group 1 110.597 12.938 SIG
B Sex 1 15.227 1.781 NS
C Grade 2 24. 441 2.859 NS
AB Group X Sex 1 1.807 0.211 NS
AC Group X Grade 2 23.294 2.725 NS
BC Sex X Grade 2 8.453 0.989 NS
ABC Group X Sex X dtade 2 0.149 0.017 NS
Errox 228 8.548
D Trials 2 22.091 6.669 SIG
AD Group X Trials 2 17.793 '5.372 SIG
BD Sex X Trials 2 15.357 4.636 SIG
CD Grade X Trials 4 2.095 0.633 NS
ABD Group X Sex X Trials 2 0.723 0.218 NS
ACD Group X Grade X Trials 4 1.754 0.530 NS
BCD Sex X Grade X Trials 4 3.656 1.104 NS
ABCD Group X Sex X Grade X Trials 4 2.234 0.675 NS
Errorx 456 3.312
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-
<
ANOVA for Controlled Jump Left
SOURCE aft MS P
Between
A Group 1 128.647 11.688 SIG
Br‘Sex o 1 0.868 0.079 NS
C Grade 2 88.136 8.008 SIG
AB Group X Sex 1 2. 4490 0.222 NS
AC Group X Grade 2 25.779 2.342 NS
BC Sex X Grade 2 13.047 1.185 Ns
ABC Group X Sex X Grade 2 8.709 0.791 NS
Errxor 228 11.0
D Trials 2 29.259 4,288 8IG
AD Group X Trials 2 1.931 0.283 NS
BD Sex X Trials 2 4.625 0.678 NS
CD Grade X Trials 4 4.850 0.711 NS
ABD Group X Sex X Trials 2 3.024 0.443 NS
ACD Group X Grade X Trials 4 3.253 0.477 NS
BCD Sex X Grade X Trials 4 3.670 0.538 NS
ABCD Group X Sex X Grade X Trials 4 5.837 0.855 NS
Error 456 6.824
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ANOVA for Dodge Run

SOURCE af MS 4 P
Between
A Group 1 11.698- 14.914 S1G
B Sex 1 8.228 10.487 SIG
C Grade 2 38.064 49.550 SIG
AB Group X Sex 1 2.766 3.526 NS
AC Group X Grade 2 1.428 1.820 NS
BC Sex X Grade 2 1.039 1.324 NS
ABC Group X Sex X Grade 2 1.258 1.600 NS
Error 228 0.784
D Trials 2 0.607 11.997 SIG
AD Group X Trials 2 0.126 2.484 NS
BD JSex X Trials 2 0.062 1.218 NS
CD Grade X Trials 4 0.049 0.961\ NS
ABD Group X Sex X Trials 2 0.069 < 1.359 NS
ACD Group X Grade X Trials 4 0.044 0.867 NS
BCD Sex X Grade X Trials : 4 0.020 0.398 NS
ABCD Group X Sex X Grade X Trials 4 0.007 - 0.141 NS
Exror y 456 0.051



Neuman-Keuls Test of Grade Main Effects
for

Throw and Catch

Grade
3 5 7
X catghes 7.03 11.76 13.73
!1 - !3 K 4.73 6.71
' 1.97
x x ‘. 9 * 9 6*'
- 13.95 19.7