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AN

ABSTRACT

Successful skill acquisition depends on the degree of

—
S

cdngruency between the person, task, environment, and
instructional étrategy.\Two studies were deéignedbto
investigate skill acquisition in age-matched normal and
physipallJ\awkward boys. The first study investigated the
learning of the stationary hockey sl;p shot by two pairs of
age-matched normal and physically awkward boys; In an
initiel data collection session, the physically awkward and
normal boys performed three slap shéts, following which the
bhysically awkward boys practiced 400 trials at homé every
two weeks over a six week training period, under the
supervision of their parents. Performance data were
collected every two weeké, after 400; 800, and 1200 practice
trials. Cinematographic analysis of each subject's three
responses per session led to an examination of the
kinematicé, phasing, and timing of the slap shot. In the
<initial baseline session, the normal boys exhibited
consistency of‘per%ormance; however, even after 1200 trials
of practice supervised by their parents, the perform;nce of
the two physically awkward children was still extremely
variable. Based on the ;esults of the first, the_second
study examined‘the effect of 1000 practice trials Jn the-
bafl rolling accuracy of four pairs of age-matched normal

and physically awkward boys. The data on each subject were

collected in 10 sessions over a 20 day span. Analysis of the

v



1000 behavioural trials revealed that only two subjects (one
normal ani one physically awkward) improved their .

bperformance. Tﬁe‘kinematic analysis suggested improved
performance for the normal boys across the 10 sessions, with
Jdecreasing variability in their kinematic pattern. The
physically awkward boys, however, exhibited considerable
variability in their performance oﬁ all the kinematic
variables. Implications of theée pefformance differences
between the normél and physically awkward boys on these

fairly simple, closed skills, are discussed relative to the

person, task, environment, and instructional strategy. »
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i. Introduction

In North American culture, running, jumping, throwing,
kicking, striking, and skating are prominent physical skills
that are employed in play, games, and sports. Children of all
ages are actively involved in social play and game situations
where a minimuﬁ level of motor ability is required.
Successful performance in any motor task requires skillful
organization of the spatial/temporal relationships between
body segments. Skillful movement involves an intricate
weaving of biomechanical, physiological, psychological, and
morphological factof; and must be coordinatgd through factors
such as culture, age, sex, maturation, and interaction with
the environment. Thus, learning and development in the motor
domain depends on the demands of the task at hand, the
developmental level of the learner, and the nature of the
environment in which the learning is to £ake place (Wwall,
1986) . b

A significant portion of school-aged children,

comprising as much as 6§ of the total, experiences serious
‘ifficulties in learning motor ski'lls (Gubbay, 1975; Keogh,

19685. Performance inadequacies on movement tests provide an

initial indication of movement skill problem;, but detailed

and systematic observation of physically awkward children

also is needed to identify the nature of the child's

problems. Inability to perform a movement adeqguately and

consistently-is the general indicaéion of physical
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awkwardness. The way in which a child attempts a movement can
L 4

provide clues about the exact nature of the difficulty a

child is having. The definition of clumsy children is

presented from various authors' perspectives in order that

the reader might®*fully appreciate the difficulties of this

condition.

Physical Awkwardness

The precise identification of physically awkward
children is an elusive premise which requires a variety of
measurement approaches and involves the professional"
perspective of the observer. There is very little consensus’
within or across studies in the criteria for the
identification of physically awkward children. No single
measure of physical awkwardness has been found that will
identify even one-half of those children in a group of
physically akaard children (Gubbay, 1975). Children
classified as physically awkward seem to be a heterogeneous

{

group, even within one sample, in terms of defining

characteristics. This is consistent*with other learning
disabilities.

Morrig and Whiting (1971) defin®d physically awkward
children as those whose performances are subnormal or whose
efficiency when performing skills has been hampered in some
way. Their motor responsgs reflect inadequate attempts to

perform those skills which can be regarded as being either

essential for development or cultufally desirable. In this
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context, impairment signifies the inability oé an individual
to perform simple every day skills effectively in a
controlled and coordinated manner. The inadequacy of their
responses may cause them to be labeled clumsy or physically
awkward. Their conditiqn can be attributed to a mutually
inclusive combination of physioioéical,‘environmental( and
interpersonal factors (Morris & Whiting, 19&1). A definition

‘ ~
proposed by Keogh, Sugden, Reynard, a§;}Calkinsy(l979) is

P N

s}milar in that clumsiness is defined as 'a problem of
inadequate movement performance' (p‘&32i. )

Gubbay (1975) suggested that a physically awkward child
is 'to be regarded as one who is mentally Aormal, without
bodily deformity, and whose thsical strength,'sens§:ion, and
coordination are virtually normal, but whgse ability to
perform skilled purposive movement is impaiged‘ (p. 39).
Gubbay also suggested a medical definition for clumsiness as
'developmental aprakia and agnosia' (p. 40).

A working definition of physicaliy awkward children was
offered by Arnpeim and Sinclair (1979). Physically awkward
children are 'those individuals who have motor learning\
difficulties and display asynchronous and inefficient motor
behaviour when attempting to carry out movement tasks that
they would commonly be expected to accomplish under
reasonable circumétances' (p. 42). Arnheim and Sinclair

further identified the major causes of clumsiness as:

. maternal factors, reargkg practices, problems of body,



2
structure, and cerebral dysfunctions. In general, physically

awkward children are usually subjectively identified as those
who kail consistently, are continually bumping into things
and acquire bruises, droa}things, and cannot keep up with
their peers in pﬁ;sicall active games (A%nheim & Sinclair,
1979) . [9\ (

" McMath (1980) suggested that clumsiness is a relative,
desériptive term used to explain a syndrome of awkwardness
and inept hovement. It is a behavioural manifestaiion of some
form of cerebral dysfunction, the roots of which may be
located anyw%ere in the perceptual-motor system.
Haubenstricker (1982) p;esented a list of ten differentiating
characteristics that Qér; not necessarily mutually exclgsive,
but that a particular child may exhibit. He defined
physically awkward children as 'those whose motor responses
do not fit the situations in which they find themselves'

(p. 41). The identification of physically awkward chiidren on
the.basis of general motor patterns is only the first step in
correcting gross motor dysfunction. Haubenstricker also
suggested that remedial efforts early in childhood would be
most effective in correcting motor problems. Both McMath |
(1980) and Haubenstricker (1982) suggested.ﬁhat there are
many major.causes of awkwardness and delingfted possible
reasons fﬁr dysfunction. These authors also made some

suggestions regarding remediation of the motor problems of

.physically awkward children.
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' wall (1982), in an attempt to broaden and sharpen the
meaning of mo;ement learning diffic¢ulties, defined physically
awkward children as those 'children without known
neuromuscular problems who fail to perform culturally-
normative motor ékills with acceptable proficiency' (p. 254).
Culturally-normative skills are skills which are generally
performed within‘a specific culture at certain ages by a ) /
large majority of people. Acceptable pfoficiency is a
difficult term to define since it could have many different
meanings in a variéty of contexts. Proficiency is
char&cterized by purposeful, planned, accdrate, and precise
behaQiour. The crucial factor in the definition of physical
awkwardness is the discrepancy between the atﬁained )
skillfulness of awkward children and the skillfulness of the "
majority of‘tﬁeir peers (Wall, 1982}). )

The problems asséciated with being labeled physiéally
awkward may seriously affect the gederal well-being aAd motor
skill development of these children. Wall (1982) énd whiting,
Clarke, -and Morris (1969) note that awkward childréh méy be
excluded fromesocial play and game situations and thus
withdraw from other group situations. Physical awkwardn;ss in
play situations-is difficult to disguise from peer group
members. As a conseqhenée,,physically awkward children are
often ri&iculed by their peers (Gordon & McKinlay, 1980). In
time, the éhild's peers label him or her as physically \

awkward and ‘exclude that child from group play situations.
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The child ultimately becomes‘disinterested in performing any
skilled action or physiéal activity openly, and a
correspondingly low level of fitness results (Wall, 1982).
wall suggests a need for further theoretical and program
development research on the assessment, prescription,

\ -
instruction, and leisure counselling of physically awkward

hl

children.

There have been many definitions of.a physically awkward
child presented in the literature. There is no universal
definition of physical awkwardness that has gained consensus
among researchers in tﬁe area. Nevertheless, all authors
agree that the physically awkward child must receive,more
attention. The development of appropriate assessment,
prescription, and remediation for these children should be
st:essed in future research. There remains however, a number
of constraints to movement that interact to help or hinder

the individual during performance.

Constraints to Movement

Coordinated, gffective, goal-directed movements are only
possible because of the predictable fgatures of
biomechanical, physiological, environmental,'morphologiéél,.
and perceptual factors. Each of these five areas will be
reviéwed as they pertain to the development of ‘motor skills.
An understanding of the constraints underlying 'normal' motor
development should be helpful when attempting to identify,

evaluate, and remediate gwkward children.

7



Biomechanical Constraints

The coordination and controi of the body and limbs
during skilled movement reflects an optimal interplay of
internal and external forces, including those of the
environment, the activity of the individual, and the rsyctlve
forces that emerge from interaction between the individual
and the environment. The impact of environmental constraints
on movement control is considerdble. The major environmental
constraint is gravity. Human agtions must accoﬁmodate
gravitational forces and, wheré possible, use the force
supplied by gravity to advantage (Newell,‘l984). ‘
Gravitational forces act on an individual in any.medium in
which the activity is being performed. The gravitational
force va;}es at different altitwdes, with the gravitgtional

force decreasing as elevation increases.

The atmosphere and surface with which the" individual

interacts can also produce varying environmental forces that
need to be integrated with those derived from muscular
output. These physical constraﬁnts probébly do'nét affect the
development of the individuai's activities since they remain
fairly constant (Newell, 1984). Reduced frictional qualities
are exhibited by slippery surfaces such as freshly waxed
kitchen floors, icy'walkways,tand ice skating rinks.
Increased friction is imposed by heavy rugs, grass lawns, and

artificial turf. With experience, and the ability to adapt to

[



changing surfaces, the individual can adjust to produce
effective movement.

Skilled action reflects the optimrl confluence of
organismic and environmental forces for the specified
activity. A characteristic feature of skilled performers is:
that they inkegrate, to advantage, the forces in the
environment itself, with those forces that result from the
body's interactiop with that environment (Newell, 1984).

Thé significant proportion,dg mechanical variation in,
the development of motor skills is due to the growth of the
individual in terms of height, mass, and individual limb
length and mass. The changes in body form and muscular
strength that accompany development must be considered when
theorizing About the goordination and control of body and
limbs in support of action (Newell, 1984).

One major impact of the change in the absolute and
relative sizes of body parts is on the moment of inertia of
each body part. The moment, of inértia of each body part can
be viewed as an’iﬁdex of its resistance to angular
acceleration? The only examinatioﬁ qf the effects of ggowth
on the moment of inertia of children's quy'parts was
conducted by Jensen‘}1981). Jensen selected 12 Caucasian boys
so that one endoﬁorph, one mesomorph, and one ectomorph were
examined‘ at the ages of 4, 6, 9, and 12 years. the children
were somatotyped (Heath & Carter, 1967), and the principal

whole body moment of inertia calculated, using standard



biomechanical procedures at the beginning and end of the 12
months. The results of Jensen's (1981) analysis showed that
as a consequénce of growth changes, the moment of inertia of
the centroidal transverse axis reflected individual increases
ranging from 12% to 57% (mean 30.8%), while the increments
for the longitudinal centroidal axis varied from 8% to 92%
(mean 33.5%). The percentade changes in moments of inertia
for most of the children far éxceeded‘the percentage changes
in age, height (mean 4.7%), aq? mass (mean 15.8%). Jensen
proposed that the best indicator of the congtraints on
rotational movements imposed by growth was the product of the
mass and the square of the standing height. Jensen found no
relationship between body type and the amount of change in
the moment of inertia and concluded that strength gains
generall& have to be proportiohately greater than length‘and
mass gains to maintain parity in pérformance during physical
growth. Caution has to be takeﬁ when interpreting Jensen's A
results due to the small number of subjects used in h@s
study.l

Physiological Constraints

Studying the physiological constraints of motor gontrol
offers a guide to the functional complexity of the
neuromuscular system. Although brief and not-totally
inclusive, this review should present an understanding onthe
complex arrangement of tﬁe neuromuscular-system and its

influence on motor control and movement.

i}
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one physiological change that tends to correlate with
brain growth and general functioning of the individual is
myelination of cerebral neuronal axons. The process OCCUrs in
a definite sequence with respect to the pathways involved in
the development of fundamental activities outlined by Wyke
(1975). Myelination continues until adolescence, but many
efferent ahd afferent pathways involved in movement control
remain unmyelinated. The efferent and afferent pathways
transmit neuronal impulses to and from the peripheral
musculature, respectively, so that the effereﬂt pathway is
sometimes labeled motor outflow and the afferent pathway the
sensory return. Myelination increases the diameter of the
nerve fiber systems and hence/the conduction velocity of the
impulses of the central nervous system (e.g., the Babinsky
reflex). The increases in conduction velocity that follows
myelination of nerve fibers hés sometimes been advocated as
the basis for the faster reaction time observed through the
passage of childhood (Hodgkins, 1963). This growth period,
however, is\also associated with exponential increments in
body size, thus lengthening the communication distance
between the cortex and the muscular apparatus. Wyke (1975)
claims that these gains in body size are accohmodated by
myelination, so that reflex times remain relatively constant
during childhood, even though ¥oluntary reaction times
decrease. Conduction velocity remains a modest constraint,

however, with respect to temporalﬁaépects of movement
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control, with motor outflow time from cortex to hand
musculature being on the order of 10 msec for adults
(Miiner-Brown, Stein, & Lee, 1975).

The development of neuromuscular behaviour in the
developing child is merely the temporal extension of a
complex series of neurological processes that are genetically
produced before the child is born (Wyke, 1975). Neurological
mechanisms that produce and control bodily movement
throu&%out the first year of each individual's biolégical
existence are entirely reflex. These mechanisms invoive'
changes in the ‘patterns of activity of motor units that are
determined by an increasingly varied array of afferent inputs
fed into the neuraxis from the progressively differentiating
and maturiqg receptor systems located in the variodév{issues
of the body. During the first year of its biological
gxistence a human organism does not move volunt;rily; instead
it is moved-by the multitude of mechanical and chemical
stimlli to which its central nervous system is continually
exposed beforej and immediately after birtq, Only when some
three months have elapsed after birth can 'learning'’ |
processes be said to be involved in the emergence of a baby's
neuromuscular béﬁﬁviour (Wyke, 1975). There are opposing
viewpoints to the above él&ims by Wyke. (See, for example:

Bower (1966); Bruner, Olver, and Greenfield (1966); and

Goldie and Hopkins (1964)).
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;ﬁ{ M? The role of reflexes as a prerequisite to human movement
is iﬁlll undergoing analy51s Zelazo, 2elazo, and Kolb (1972)

tHave shown that exercising the stepping reflex durlng the

t and second months of life can accelerate the onset of

‘untary walking in infants. Lagerspetz, Nygard, and
Stnandw1ck (1971) made corresponding findings for crawling.
Bowb&“ﬂl975) has demonstrated the role of experience 1in
facilitating the onset of reaching and grasping skills. These
findings suggest that specific experiences, in this case,

exercising the reflex that forms the substrate for the

4 4

voluntary activity, can facilitate the onset of fundamental
skills. Mere actiJity or training does not always accelerate
the voluntary control of a given'skill (Gesell & Thompson,
1929), which indicates that the appropriate antecedent ,
behayiour is an important determinant of the effects of
experience on the development of motor skills. On the other
h&nd, the exercise of the refleéx may 'be just that, in the
sense that it realizes all the traditional training benefits
of ex%fgise, particularly increasing muscular sFrength and
endurence. Thus reflexes are important for th|'§98elopment of
skills. Easton (1972) views reflexes as preorgahized acts
that may be activated by the higher levels of the central
nervous f#ystem aé all or part of a movement. Furthermore,
reflexes m&y prime the relevant motcr neurons for some

postures of movements. For example,‘the tonic neck reflex

(Hellebrandt, Rarick, Glassow, & Carns, 1961) may prepare
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movement in the direction of gaze and facilitate the speed of
response. Conversely, reflexes may have’inhibitéry effects on
response production, particularly if incompatibility exists
between the reflexive postural set and the movement sequence.
The relationship between reflexes and stereotypic
behaviours 1n the formulation of fundamental movement
patterns has not yet been addressed. Basic responses to
stimuli are reflective of the biological substrate of action,
and their development provides both inhibitory and
facilitative constraints to the organization of voluntary

movement.

Environmental Constraints

The nature of skill acquisition during later stages of
learning is a function of the type of environmental control
under which the movement is performed (Gentile, 1972).
Environmental constraints relate to the predictability of the
spatial and temporal elements in the environment and the
absence or presence of spatial and temporal changes between
trials (Higgins, 1972, 1977). At one end of the continuum are
those skills which take place under fixed, unchanging
environmental conditions, called closed skills (e.g.,
bowling). Environments with high degrees of predictability
are spatially and temporally certain; movements must thereby
match the spatdial characteristics. At the opposite end of the
continuum are open skills (e.g., hitting a baseball), which

" take place in a dynamic spatial/temporal environment.
4
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Environments which are spatially and temporaily uncertain
reduce the predictive qualities of the performer about the
spatial and temporal events (Gentile, 1972; Higgins, i977;
Higgins & Spaeth, 1972). As skill acquisition progresses, the
closed skill performer will evidence increasingly consistent
movement patterns. In contrast, the open skill performer will
develop a repertoire of movement patterns to match the

particular environmental constraint under which performance

proceeds. .

P

Higgins & Spaeth (1972) investigated the nature of
movement patterns developing during the acquisition of an
open and a closed skill.lTwo ten-year-old males performed a
dart throwing task. The subject performing the closed skill
attempted 200 trials with the target apparatué stationary.
Forty trials were filmed with a high speed\camera and
subsequently analyzed. Thé open skill subject also performed
200 trials But at six different target combinations. All
trials were recorded on film and analyzed. Data collection
was completed in five days. The results of the data indicated
that open skills moved towards a diversity of patterns of
movement matched to dynamic environmental conditions whereas
the closed skill performer moved towards consistency in

patterns of movement.

Morphological Constraints

Morphological constraints are factors that relate to the

overall structure and form of the organism and the
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relationship between structure and function. These
constraint§ include such anatomic factors as skeletal
arrangement and articular structure. In addition to these
specific anatomic considerations, morphological constraints
are also related to such perceptual processes as the sensory
detection-processing system, pattern reéognition,
decision-making, and memory. Organismic variables are also
included under morphological constraints. The organismic
variables of age, sex, height, weight, and experfence have a
direct relationship to the nature?of the movement produced
for any skill (Higgins, 1977).

Structural morphological constraints include such
factors as the structure, design, and composition of the
skeletal sy;tegx muscles, tendons, and ligaments. These
structures give the human body its form and provide the
mechanism for production of merment. The morphologiéal
constraints imposed by the skeletal system relate to the
~length, size, and shape of bones and to the structural
characteristics of articular surfaces and ligaments.

The muscular system of the body provideskthe forces by
which humans are able to move. Most of the skeletal muscles
cross\ene or more articulations and attach themselves to the
bones via tehdinous tissue. Movement of the body segments
occurs at the articulations. The muscles of the body,
therefore, produce forces}which move a lever system

.consiéting of links of bone. The morphologic constraints
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imposed by the structure of the muscle are related to three
factors: the sensory-motor control properties; the general
anatomic structure of the muscles and theﬁr related function;
and the anatomic design of muscle placement on bones and
across their respective articulations (Higgins, 1977).

The uniqueness of the pattern of movement for a
particular performer for a specific task ié a function of
morphological constraints. Organized human movement entails
comgensating for these constraints.

Perceptual Constraints

Perceptual processes affect the organization of movement

and they are directly related to specific structures and

forms of the individual. Perceptual processes relate to

sensory a motor structures and functions: sensory

on, storage, memoty, translation, retrieval, and motor

outpw. The perceptual processes required for performance of

de

a skill depend upon the environmental conditions under which
the skill is carried out (Higgins, 1972). A major perceptual
variable the performer must control to achieve sucéess when
performing or acquiring a motor skill is the time lag
inherent in the system (Higgins, 1977). Time lag is the
system time required to receive internal and external
environmental information, process this information, predict
the spatial and temporal features of the object and thus
anticipate where it will be at some point ing:he future, and

generate a motor fesponse that will coincide with the object.

\
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Experience and practice aid the learner in accqQmplishing this
series of tasks (Higgins, 1977).

The study(bf the development of motor skills from a
behavioural approach is also recognized in this sgption on
perceptual constraints. A more detailed analysis of the .
behavioural approach is presented in a following section on

motor development.

Summary

The purpose of this section on constraints to movement
was to outline ways in which various physical properties of
both the human system and the environment constrain the
control and coordination of the performer in skilled
movement. A significant aspect of development, f;om the
embryo to the adolescent, is that the physical ‘properties of
the system are dynamic. Thus, physical constraints of the
human system and the environment are not stable or
predictable from moment to moment.

Of the five sources of constraint to movement,
environmental constraints produece the highest degree of
variation in movement patterns within performers (Gentile,
Higgins, Miller, & Rosen, 1975). These movement patterns
reflect the uniqueness and variation inherent in the spatial
and temporalrproperties of the environment. There is a
constant interaction between the five constraints and
regulation of these constraints is what produces skilled

movement (Higgins, 1977).
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Motor Skill Acquisition

wall (1986) views the deﬁelopmental skill acquisition
process from a four component perspective. He proposes that
factors relating to the person, task, environment, and
instructional strategies iﬁterace to either facilitate or -
hinder learning. Sué&essful skill atquisition depends on the
degree of congruericy among these four key components. In
terms of the person, it is important to assess the
developmental skill level of the individual in terms-of that
person's knowledge ébout action. Wall, McClements, Bouffard,
Findlay, and Taylor (1985) stress that declarative knowledge,
procedural knowledge, affective knowledge, hetacognitive
knowledge, and metacognitive skills underlie the
developmental level of an individual. Secondly, they contend
that the degree to which a persc.a has developed sport-
specific or task-specific knowledge must be considered and
also of importance is the stage of learning that anl
individual has achieved on a task-to-be-learned. The
. beginning stage, which requires the learner to get the idea
of Ehe movement, rgquires very different practice and
instructional strategies from those that would be appropriate
foF the automatized phase of skill acquisition in which the
learner is attempting to regulate the kinematic patterns
associated with a given action or aaﬁion sequence The nature

of the task must also he considered because a person will

‘react substantially differently to a given task depending on
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whether it is response-loaded, perceptually-loaded, or
cdgnit%vely-&gaded. For example, an open skill éuch as tennis
which is played in a highly changing environment under time-
stressed conditions (cognitively-loaded) is very different in
terms of task demands from a closed, response-loaded skill
such as bowling. Thirdly, the type of environment in which a
task is learned or performed will dramatically affect the
performance of an individual: The fourth factor is the
instructional strategies, and the experienced instructor
rutilizes information on all of these variables and their
interaction with each otﬂgr before selecting appropriate
instructional strategies for intervention in the leérning
process.

The skill acguisition process which hés been identified
by Wall (1986) eventually leads to skilled motor performance.
The learning of new skills, modifying styles and techniques,
refining the movement pattern, developiné consistency of -
performance, all relate to the acquisition and ma§tery of
skill. The mastery of skilled actions by elite performers_is\
a consequence of long, difficult, and often indirect
circuitous pathways of extended practice and effort
(Glencross, 1978). Glencross (1980) has identified four major
characteristics of skilled motgr performance: motor }
constancy, uniqueness of action, sﬁability and copsiStency of

action, and modifiability of action. Motor constancy jis the

. ability of the motor system to produce a wide range of
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goal-directed movements that are identical or closely
related, but utilize different muscles and movementé.
Uniqueness of action involves motor actions of the same
response or action pattern that are not identical on
successive trials or occasions. Over repeated trials the
spatial/temporal pagtern of an action occurs within a certain
bandwidth of variability. Stability and consistency of action
suggest that the more skilled the performer, the more stable
the tempogal arrangement of actions. This feature is
associated with specific styles of a performer. Modifiability
of action refers to movements which are continually modified
and amended in response to the environmental changes
introduced to the performer (Glencrosg, 1980).

Many différent abilities afe required for an individual
to move‘skillfully. Skilled movement does not just happen,
but must be moulded and shaped to attain a level of
acceptable proficiency. Practice is important for the
de&elopment of motor skills (Adams,fl971; Schmidt, 1975; Wwall
et al., 1985), however, the appropriate type of practice to
increase skill level must.be considered (Gentile, 1972).

Outcomes and actions can be achieved by a variety of

means,. Thus we are confronted with the question of how a vast

anray Qf possible movement patterns might be stored,

n. There have been various

.accesSed, and retrieved in the br

theoretical approaches in which t learning and development

of motor skills have been characte d or explained in the
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past fifteen years. These behavioural theories can be
categorized as follow: open-loop, closed-lbop, schema,
information processing, and a knowledge-based' approach. An
explanation of eTcg theory will be presented as it

corresponds to motor development.

Behavioural Theories of Motor Development

Open-loop control (e.g., a traffic control light)
(Adams, 1967, 1968; Adams & Bray, 1970; Lashley, 1917)
usually operates via a set of prestructured commands that
; cérry out various act&ons without the use Qf ongoing
information:- about the nature of the system's output (Schmidt,
1980). Adams (1971) suggests that an open-loop system has no
feedback or mechanisms for error detection and regulation.
Qhe input events for such a system exert their influence, the
systém effé;ts its transformation on the input, and the
system has an output. The system is inflexible since it has
no gompensatory capability.

In contrast to the open-loop system, a closed-loop
system (Adams, 1971) utilizes information from the element of
the system being controlled,'{he 'computation' of an error
indicating the direct;on and/or the extent of deviation of
the system's output from some reference of correctness,>énd
the correction of this error. A closed-loop sysgem's major
function is to minimize the\extent of error in terms of the
deviation of the system's output from the reference of

correctness (Schmidt, 1980).
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The frame of referénce of Adam's (1971) closed-loop
theory 1is the‘instrumental learning of simple, self-paced,
graded movements, like drawing a line. The theory proposes
two states of memory térmed the memory trace and the
perceptual trace. The memory trace is responsible for
initiating the movement, choosing the movement's‘initial
direction, and detefmining the eariiest portions of the
movement. The strength of the memory trace is developed as a
function of knowledge of results (KR) and practice. The
percgptual trace is responsible for guiding the limb to the
correct location along the trackway in positioning responses.
The perceptual trace is formed from past experience with
feedback from earlier responses and represents the sensory
consequences of the iimb being at the correct endpoint. ’
During the movement, the subject compares the incoming
feedback against the percegtual trace to determine if the
limb‘is‘in the cdrrect final location. If the limb position
is coffect, the subject stops responding, and if it is not,
the subject makes a small adjhstment and the comparison is
made again until the. limb is in the correct location. With
increased exposure to feédback and KR, the perceptual trace

e

is strengthened, and the individuai becomes more precise -and o
confident in responding (Adams, 1971).

A different approachAto discrete motor skill learning’
was proposed by Schmidt (19753. To&cdrrect'for the

ghortcomings (storage problem, novelty problem, and error
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detection problem) of the existing opén- and closed-loop
theories in earlier motor learning studies, Schmidt (1975)
developed his theory of schema. He adopted many of his major
ideas from previous researchers (Adamé, 1971; Bartlett, 1932;
Pew, 1974) and incorporated them into this theory. A schema
may be thought of as networks or packets of interrelated
knowledge within a given domain (wWall et al., 1985).
Schmidt's (1975) schema theory postulates two separate states.
of memory, one -for recall and onevfor recognition. Basically,
when an individual makes a goal-directed movement, four
details are: stored: the initial conditions, the response
specifications, the sensory consequences, and the actual
outcome. The specific roles of recall and recognition memory
depend slightly én the type of task, but basically the recall
memory is t@e state responsible for the generation of
impulses to the musculature that carry out movement (or

concomitant corrections), while recogmition memory is the

Elat s

-

state responsible for evaluation of response-produced
feedback that makes possible the generation of error
informatién about the mavement. Therefore, the recall schema
is the relétionship built up over past experience betweeh the
actual outcome and the respdnse specifications. The
recognition schema operates in an analogous way, but thg g
variables of concern are initial conditions, sensory
consequences, and actual outcomes (KR). Oh each trial; the

sensory consequences and actual outcome are paired and are
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used to develop the relationship between sensory consequences
and actual outcome (Schmidt, 1975).

Any new theory stimulates concomitant criticisms that
arise with the developing research. The schema -theory
proposed by Schmidt (1975) has several problems assocliated
with validating the recall and recognition schemas. Van
Roséum (1980) noted problems associated with the recall
schema notion, specifically the differential effect of
experimental manipulation, similarity of tasks, and extra
practice. Shapiro and Schmidt (1982) suggest problems
associated with validating the recall scgéma concept. They
express concern that the underlying motor program
representations may not be as the theory has assumed. These
studies have necessitated revised and inspired thinking by.
Schmidt and his colleagues on the schema concept.

Norman and Shallice (1980, 1986) propose a different
concept in their theory of action in motor development.
Schemas play a major role, in this theory as‘they store
éackets of knowlédge which develop through mental and
physical practice. Schemas can be in one of three states:
dorman;, activated, or selected, with the usual state of the
schema‘being dormant. In the dormant state the schema does :
not plgy an active role ié current processing but resides
withinbthe hermanent memory store. Whehla schema is brought

t6 a state of readiness and given an activation value, it is

said to be activated. Selected schemas are those that have
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sufficient activation to exceed their own threshold and thus
control internal p;ocessing and external movement actions.

There are two- factors controlling action sequences,
dep;nding on the amount of conscious contgol required.
Horizontal threads represent action sequences that require
minimal a;tentional control because they are well learned.
Vertical threads represent deliberate attentional cont:ol and
indirectly influence each other.

For well learned tasks, an autonomous strand of
processing structures and procedures can usually carry out
the required activities without need for conscious control.
QOmponent schemas are selected, in part, according to how
wéll the 'trigger conditions' of the schema match the
contents of the ‘trigger\aﬁta base.' Such a sequence_ié
often characterized by a relatively linear flow of
information among the various psychological processing
structures and knowledge schemas involved: a horiioﬂtal
thread (Norman & Shallice, 1980).

A basic constraint that Norman and Shallice include in
their model‘is that priority in the schema selection-process
must be based on the single variable of the amount of .
activation associated with—a"éivén schema. Three major
activétipnal ihfluences act upon a given schema within a,

horizontal thread: vertical threads, contention scheduling,

and trigger .gondition influences.
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when attention to a particular task 1is required,

yprtical threads are activated. Attention operates upon
Q;chcmas only through manipulation of activation values. Thus
attentional processes oversee and bias ongoing actio? by
alteration of activation values. Motivational variabies are
Fassumed to play a similar role in the control of activation,
by working over longer periods of time.

Contention scheduling is the mechanism that is proposed
to resolve conflicts between simultaneous action in
cooperative acts and the problems associated with
simultaneous action in conflicting ones. The proper timing of
scﬁema selection is under the control of trigger conditions
that must be exactly met before schema selection occurs. The

\
adequacy of the match between the existing environmental
conditions and the trigger specifications determine the
activation level that is genefated.

The Norman and Shallice (1986) model addresses the

performance of skilled action (effective goal achievement

with a high degree of consistency). It depends, however, on

>
. AR
learning processes such as mental and physical practice, A

{
feedback, and deliberate attentional control® The supporting
-Jevidence for this theory of action is somewhat lacking and no
genuine research to support or refute the theory has yet been

presented in the published literature.
Thﬁ:‘above theories are concerned with the learning and

development of motor skills for typical children and adults.

.

|
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The absence of theories to explain motor learning and
«development for awkward children led to the development of
the knowledge-based approach by wWall et al. (1985).

Wwall et ai. (1985) developed a holistic model of the
development of skilled action. These authors emphasize the
importance of’an integrated knowledge base which includes
procedural, declarative, affective, and metacognitive ~
knowledge about action. A detailed explanation of the
knowledge-base theory is presented because the studies
outlined in subsequent sections are based primariiy on this
theory.

Procedural knowledge underlies the performpance of skills
within a given domain. In the motor domain, procedural
knowledge underlies all aspects of an action including the
perceptual, cognitive, response initiation, and.execution
phases (Singer, 1980; Stelmach & Diggles, 1982). The
execution of any motor skill depends on the use of this
procedural knowledge that has been acquired through learning‘
and experience. Hence, the repertoire of motor skills that
children develop depends on the quality and quantjity of
practice that they have e;perienced.\By definition,
physically awkward children are deficient in such procedural
knowledge about action.

Declarative knowledge about action refers to factual

information stored in memory which will influence the

development and execution of skilled action. As children grow

RY
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older, they gain more experience in the use of actions and
the objects that their actions influence. As their
declarative knowledge base increases they begin to attach
conceptual meanings to their actions and these verbal
concepts, in turn, allow them to more readily control their
actions. This interplay between procedural and declarative
knowledge seems to be at the heart of the skill learning
process. Thus, the ability to integrate different types of
knowledge about action seems to be essential for the‘optimal
learning and control of motor skills. Unfortunately,
physically awkward children often have developed a very
limited procedural and factual knowledge base in the action
domain. This is not surprising given the fact that they have
limited experience in physical activity settings.

Affective knowledge is the third type of knowledge about
action that children develop. Every action that children
perform or attempt to perform is executed within a given
context. As children gain procgdural and declarative
knowledge they attach subjective feelings to their Actions
ah8 the situations in which they perform them. In a sense, a
major goal of human motor development is the acquisition of
the competence and confidence to act independently in the
world. Affective knowledge certainly influences the
acquisition of procedural and declarative knowiedbe about
action. Again, clinical experience indicates that physically

awkward children often have very negative feelings about
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themselves in action situations. In fact, as noted above,
many of them are reticent about being involved in
culturally-normative play and sport situations (Clifford,
1985; wall et al., 1985).

Metacognitive knowledge and skillé reflect higher level
declarative and procedural knowledge about action.
Metacognitive knowledge refers to knowing about what one
knows. Physically awkward children often have a relatively
limited metacognitive knowledge base simply because they have
developed less procedural and declarative knowledge about
action. In the same way, they often exhibit difficulty in
planning, monitoring, and evaluating action; that is, they
have very inefficient metacognitive skills.

Thus, physical awkwardness is viewed as a developmental
problem which stems from a lack of acquired knowledge in all
five types-of knowledge about action. Support for :he'
knowledge-based approach (Wall et al., 1985) to motor
development has yet to be produced. There has been one
'longitudinal study of three years in an elementary school
setting and some clinical experience to support the
acqyisition of procedural knowledge by physically awkward
children (Wall et al., 1985). Measurement and evaluation
techniques using the knowledge-based approach which
adeéuately assess the capabilities of physically awkward
children need to be developed. Also, there exists a need for

physical skill tests wh ~h accurately'and reliably reflect
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the real differences in motor development between physically

awkward and typical children (Wall et al., 1985).

Summary

There are numerous and diverse mopof learning theories
'_presented in the published literaturef Each theory adopts a
particular position and attempts to explain motor learning
and development in skill acquisition. Each theory has its
particular strengths and weaknesses, with research generated
to either accept or refute the respective theory. Some of the
theories are recent, and therefore have been subject to
limited published research.

A theory of how movements are learned must be based on
the understanding of how movements are controlled. A motor
learning theory that does not explain how movements are
learned will fail to provide an understanding of the motor
learning process. For example, almost nothing is known about
how a complex series of muscular contractions (e.g., playing
a musical instrument or pole vaulting) assbciate so
effeétively and efficiently into a single unit (Shapiro &
Schmidt, 1982). When the motor learning theory explains this
phenomenon, fhe first step will have been taken towards

designing proper learning environments for the performef.

Phyéically Awkward Children
There has been limited published research regarding the
acquisition and development of motor patterns of physically

awkward children. The majority of research has used typical



31
children as they grow and develop motor patterns to Rit the
situations in which they find themselves. The available
research on physically awkward children has been con¢erned
primarily with the identification and remediation of tﬁeSe
children into the normal patterns of society;

Research conducted on typical developihg children, with
an emphasis on the kinematics of movement batte;ns and the
cénsistency of movement will be outlined as it relates to
skillful performance in order to present a basis for
comparison with physically awkward children. The few studies
that have been conducted on physically awkward children will

be presented in a following section.

Motor Development in the Typical Child

It would seem logical that the key to skillful
performance in any situation is the consistency and stability
;f movement performance over time (Glencross, 1980). There
are variations in movement that do occur across trials, but
the ability of the observer to recognize individual styles in
a multitude of ski%}s attests to their consistency‘and
stability (wall et al., 1985). There is a major criticism of
consistency, however, as an indicator of skillful
performance. Consistent performance may not be equivalent to
‘ éood or acceptéble performance; for examéle, errors in
technique and timing may be displayquby the performer with

increasing consistency. The investigatior or teacher examining.

the results or watching the performer has to guard against

-
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consistent patterns of movement with error introduced -
somewhere along the chain. The error has to be removed so
that meaningful (i.e., goal-directed) movements can occur.
Schmidt (1976) has found that the time to relearn a dorrect
movement after practicing an error filled mo&ement is
approximately one-half times longer than if the subject had
learned the correct movement response in the first place.
Recent descriptions of motor skill development have used
the term 'stages; to represent the regular transformations in
spatial/temporal organization which purportedly occur in
motor skills over time (McClenaghan & Gallahue, 1978;
Seefeldt, 1980; Wickstrom, 1970). Wohlwill (1973) has pointed
out, however, that the 'stage' designation implies generality
in development across several tasks; intra-task developmental
levels should be called 'steps' to avoid confusion with the
broader stage concept (Robefton, 1978). One task of the motor
development researcher is to determine the degree to which
any devglopmental sequence is universal, invariant, and
stable (Wohlwill, 1973). Universality means that all people
pass through all steps of the sequence. Invariance means the
seguential order is irreversible. Stability means that people
at a glven step of sequence will exhibit movements
predominantly from that stép and that people in transition
will show movements characteristic only of adjacent steps in

the hierarchical order.
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Roberton (1977, 1978) has demonstrated a scheme for
evaluating the universaligy and invariance of her
hypothesized developmental sequences. The procedure involves
two phases. The first phase is a pre-longitudinal screening
of the developmental sequence by examining age-matched
gubjects‘ movements across trials at one point in time. The
second phase id longitudinal research to provide additional
testing of the developmental sequences. The second phase
would b¢ necessary only if there was no across-trial
invarjdnce or stability.

This paradigm has been used by Roberton in her studies
of the developmental sequence of the overarm throw. A
pré—longitudinal screening of 73 first grade children to
describe<£otor stage stability was conducted by Roberton
(1977). Forty-two males and 31 females (6.4-8.0 years)
performed 10 trials of a forceful overarm throw. Two high
speéd cameras operating at’64 frames/s recorded the action,
one camera from the rear; the other camera from the side.
Three practice trials preceded the film trials.lThe
subseqrent analysis of the film trials provided information
on the hypothesized categories in each of gwo components
studied (action of arm and pelvis-spine). Prior to data
reduction, the investigator and a trained observer
independently‘categorized thirty rahdomly selected trials

from the data._Inter- and intra-obserwer reliability were .95

or better. The\lgsults indicated that developmental

a D]

b}
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categories, hypothesized to be arm Action stages in the
throw, met the three stage criteria of stability,
‘intransitivity, and universality; all subjects hqb dt least
50% of/their trials in one category (stability) and all
variaéion across trials was only to adjacent categories in
the hypothesizedvstage ordering (intransitivity). These
categories were, therefore, ready for longitudinal testing.
Stagé cqtegories hypothesized for action of the peMis-spine
in the throw did not meet the same criteria; one child had
less than 50% of his trials in one category, and se;;ral
children showed variation to non-adjacent categories. From
the results, however, a new stage ordering for pelvis-spine
action was proposed.

Roberton (1978) extended her pre-longitudinal screening
experiment to a longitudina{ study to determine if her
hypothesized developmental séqdénces for the arm, forearm,
.and pélvis-spine would be supported. The results from her
study indicated that over three years of analysis, of 54
children examined, 43% showed arm change and 35% showed
progressive change. Half the children retained the same arm
action that they had used indthe first yéar of the study. For
the forearm, 26% showed stage progression in the order .
hypothesized; 15% regressed in the order hypoﬁhésized; and
59% showed‘no development over three_yearé. The pelvis-spine
data showed that 41% progressed or tegressed‘in the order
predicted; 4% skipped categories; and 56% did not change. Of

‘-E

\
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the 54 children studied, 6% showed progressive change in all
three components over three years; 20% progressed in two
components; 39% progressed in one component; and 35% showed
no change or regressed in at least one component. Roberton
lsuggested that the movement components did not develgp in a
parallel, lock-step fashion, nor d;h they change in the same
re;ationship from person to peréon. The issue of stages,
then, must be confined to the ordering within the components
rather than to the total bbdy configurations.

One difficulty with Roberton's longitudinal testing
(Roberton, 1978) was that development in the three components

r

studied (action of arm, forearm, and pelvis-spine) occurre?
slowly_during the years examined (kindergarten through second
grade). While all children moved through some of the
deQelopmental steps in the order hypothesized, few children
went through all levels in the three yearsy. Roberton realized
that a much longer longitudinal study was:needed to provide
additionaipbpsting of her hypothesized sequences.
Halverson,'Rbberton, and Langendorfer (1982) continued
the research initiated by Roberton (1978). An extension to
the previous study was planned to increase the longitudinal,
descriptiQe information on the overarm throw available on the
54 children in seventh grade. The purpose of their study was
threefold: to verify the accuracy of the yearly predicted

rate of change in ball velocities, to assess subsequeﬁt

changes in the children's throwing movements, and to compare

~
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the amount and type of throwing experience which the boys and
girls would report. The average age of the 22 seventh grade
boys and 17 girls was 12 years 11 months and 13 years
respectively. The~film and ball velocity data collection
proceduges used when the children were younger (Roberton,
1978) were repeated at seventh grade. The results of this
study suggested the following conclusions about the
development of the overarm throw. The ovefarm throw is not
fully developed in seventh graders. Sex d?}ferences in tﬁé
development of the throw included: different values for the
annual mean rate of change in horizontal ball velocities (5-8
feet/s/yr = 1 development year for boys; 2-4.5 feet/s/yr = 1
development year,for.girls). These differing rates of change

SRR

leave the girls:jM ”oiimately five years behind the boys by

" seventh grade. Poteﬁtially different levels of within-group
stability across the years were evident, with girls more
likely to rétain their relative group position. Different
rates of development in the motor components of the throw
were also evident, with the boys being 5-6 yeafs ahead of the
girls. ﬁastly, boys reported greater participation in :
throwing than girls over the elezgntary/midale school years.
The research by Roberton and coileagues suggests, that-
motof skill devéiopment does not advance in who 'chunks’',
but rather in~r step-like progression within cértain éspects
of the kinematic chain. Their research indi s that there

are different deVelopmental patterns for the arm, forearm,

2N
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and pelvis-spine and that skillful performance does not
emerge rapidly but is time consumihg and is moulded through
practice.

A biomechanical approach was used by Seefeldt and
Haubenstricker (1982) to divide the developmental process
into stages, from its most rudimentary to its most mature
form. They observed tasks as they were performed by numerous
children from:1 to 12 years of age. The ultimate criterion of
'mature’ performance was defined by observing the task as it
was performed by highly skilled adult athletes. The shift
frém one stage to another was characterized by an abrubt
change in the positioning of one or more limbs or body
segments in relation to their previous position in the
sequence of joint actions. This change in position within the
series of joint actions always resulted in the potential for
the task to be performed more proficiently by perm@tting»one
or a combination of the following to occur: permitfing a
greater range of movement around the force-producing joints;
adding more rotating joints to the 'power train'; permitting
greater 'flow' or less interruption of the movement; and
better positioning of the body for a maximum production qf
force (Seefeldt & Haubenstricker, 1982).

Seefeldt and Héubenstrick;} (1982) explained that their
stages describe the total body configuration during the
performance of a skill. They agree with Roberton (1978) that

all of the patterns or subroutines within their defined stage

-
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do not advance as an indivisible unit. They have found,
however, sufficient cohesion between certain of these
subroutines so that 11@%&@9 them within a stage best
describes a partic&lar débelopmen;al task.

.ﬁnother concept of stage theory has been developed by
Wickstrom (1970) who also used a biomechanical approach to
study motor development. He suggested that the changes in
motor patterns in some fundamental skills are better
expressed in terms of broad dgvelopmental trends rather than
ciearly defined ;tages. Trends’é}e usuglly indicated as
changes in a particular part of the movement pattern over an
extended period of time. They canibé<9éscribed in terms’of
timing, range of motion, changes in joint édgles, segmental
interrelationships, segmental velocitiés, and aggular
velocities. Stagts and trends are not mdtually exclusive

interpretations of improvement in developmental motor

\ N
patterns. Both can be used satisfactorily to describe certain

aspects of improvement for a particular motor\§killl
\ &

Developmental stages and developmentalvtreg&s sigqify
progress towar8 mature skill patterns. The stages are an
steps upon which all children must tread on their Qay to khe
mature pattern and the trends are not smooth, sure '
progressions for all children. The type of progress varies
from one child to\another and the rate of progress tends Eo

be variable. Know}edge of the kinds of patterné;the child \ -

uses prior to achievement of matgre form (mature has ‘been ¢
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defined by Wickstrom (1970) as 'patterns exhibited by highly
skilled performers' (p. 12)) has several practical vélues. It
establishes the identity of immature mi?ements and patterns,
assists in setting expectations for skill development, and
helps in evaluating progresé (Wickstrom, 1970).

It is evident that Wickstrom (1970) and Seefeldt and
Haubenstricker (1982) agree with respect to observing and
delimiting fundamental motor patterns. Wickstrom (1970)
establishes both views with the following statement: 'In
general, the fundamental motor pattern can be thought of as a
broad model of good forms which is not exclusively encumbered
by minute detail' (p. 13). The young child should not be
viewed as a miniature adult who therefore has not developed
the subtleties of the skill as performed by highly skilled
athletes. Roberton's (1978) approach to motor skill analysis

is more detailed. She decomposes segmental movement into its

respective actions along the chain. Although ‘ye approaches

kY 2

.. are somewhat différent, each of these researchers is striving

towarqs identifying underlying aspects of motor develbpment.
Motorigzaﬁlggment in the Physically Awkwérd Child .
Research conducted using physiéally awkward subjects is
not abundant in thé literaturg% however, existing studies are
presented. Also, fesearch dealing¢with the motor:development

of mentally handicapped children migﬁf provide some insight

in this area and is thus included in this review.

¢
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Seventy boyé (aged 8-10 years) with no known medical
iimitations or disabilities were observed by Morris and
Wwinter (1975). The boys were ranked by the physical education
teacher acéording to tkeir scores on items of Keogh's (1966)
physical performance test and their abilities in a variety of
tasks that form part of the normal physical activities in
school. A group of ten boys at the lower end of the scale
were judged by their teacher to be motor impaired. A second
group of ten boys was selected at random from a normal
dis;ribution according to height, weight, and IQ scores.
Stott's (1966) test of motor impairment was then administered
individually to both groups of boys in order to compare its
screening efficiency with that of the teacher's assessment.
Thé investigation showed that of the ten children considered
motor impaired by the teacher's assessment, five were
identified as being impaired according to Stott's (1966)
test. Failure of the test to screen half of the children
considered to be motor impaired by the teacher casts some
doubt ypon its validity. Similar results were observed by
Whiting, Clarke, and Morris (1969). To alleviate this
difficulty, Morris and wWinter (1975) suggesied that
adjustments'and a possible reduction in the number of
subtests and a refinement of the scoring system in Stott's
(1966) test might prove worthwhile in identifying and ‘ .

assessing motor impairment in children at school.
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Keogh et al. (1979) used three different procedures to
measure clumsiness in movement skills and movement-related
behaviors. The first procedure was a 29-item checklist
developed for both questionnaire and interview use. The
second procedure was observation of boys in physical
education activities during two instructional sessions of 30
minutes each. The boys were rated using an éight—point scale
on movement skills and movement behaviors. A five-item test
used to measure movement skills was the third procedure. A
total of 54 (34 normative-RS-F and 20 movement problem-MP)
kindergarten and first grade boys were the subjects used in
this study. A somewhat different set of boys was identified
as physically ﬁykward by each procedure. There was also an
inability to identify as physicaliy awkward more than 20-30%
of boys in the MP gréup. The authors suggested that research
considerations require existing data on physically awkward
children be viewed with cauéion since the attributes of
clumsiness has not yet been assessed or identified in a
consistent manner .

Roberton and DiRocco (1981) extended the research
efforts of Roberton (1978) by applying her hypotheg}zed
throwing sequence to mentally retarded populations. They
stﬁaied 22 mentally retarded (MR) perséns of which 11 were
educable (EMR-6-8 years), five were trainable (TMR-S-Q
years), and six were severe-profound (PMR-13-16 years)

mentally retarded. The data collection techniques were

"~
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similar to Roberton's earlier studies (Roberton, 1977, 1978).
The results indicated that two new arm action profiles would
have to be added in the developmental sequence for
developmentally primitive throwers (either very young
children or those developmentally delayed). No movements were
observed that could not be categorized developmentally. The
EMR/TMR thTaren tended to be developmenf&lly delayed but not
as much as achievement scores (ball velocify) alone
suggested. The’PMR children were considerably delayed. This
study indicated that the developmental stages in the overarm
throw for force are exhibited by all types of children in
their general motor development regardless. of cognitive
processing ability.

A similar study was conducted by ;ensen and Prud'homme
(1980). The purpose of their investigation was to use vector
representation of reaction forces to analyze the consistency
of performance of a standing broad jump in a learning
disabled child and to compare the results with those of a
more typical child of similar age, height, and weight. The
whole body profiles for mass distribution an@ moménts of
inertia (Jensen, 1976, 1978) were found to be similar. A
mathematical model of 14-linked-segments was used to
represent the body for the kinetic analysis of the jumping
perermance of the th boys. The subjects practiced the jump
under simulated filming conditions and then performed fiye

consecutive jumps, the first three of which'were filmed for

-~
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analysis. Filming was conducted at 100 Hz with a Locam
camera and the data sampled at 50 Hz. Nhe results indicated
that the learning disabled child was inconsistent in his
jumping performance, whereas the more typical child showed
consistency across trials. The authors suggested that
consistency of performance of motor tasks be investigated in
learning disapled children.

Henderson and Hall (1982) reported on the results of a
two-year investigation of clumsiness among children in normal
schools. Teachers in four schools for normal children aged
between five and eight years identified 20 children from a
total of 400 who met the following criteria: had poor motor
coordination for their age, and whose poor motor coordination
was affecting their schoolwork. The teachers' assessments
were compared with those of a paediatric neurologist and a
psychologist, and were shown to be very accurate. The group
of children identified as clumsy scored significantly poorly
in relation to a control group on several measures of motor
performance, and had a higher incidence of other educational
and social problems. The heterogeneity of the group ‘
emphasized the difficulty of identifying a specific syndrome
0f clumsiness in children.

Summary

The studies reviewed above have pointed out §ignificant

difficulties in motor skills exhibited by physically awkward

and handicapped children. More research is required to
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elucidate the nature of those difficulties and improve the
processes of identification, instruction, and remediation of

physically awkward children.
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II. Kinemgg}g Analysis of Skill Acquisition
in Normal‘and Physically Awkward Boys
Performing a Hockey Skilll

Movement plays an important role in the lives of most
children. Movement competence early in development allows
children to explore their environment, while later on it
facilitates social development throggh participation in
_ different types of play and sport experiences. The joy of
moving and interacting with the environment is experienced by
many children; however, a significant number of school-aged
children kxperience serious difficulties in learning motor
skills; some of these children have been referred to as
physically awkward (Wall, 1982). Gubbay (1975) and Keogh
(1968) suggest that physically awkward children may comprise
6% of school-aged children. Wall and Taylor (1983) indicate
that the incidence of physical awkwardness in school-aged
children may be és high as 9%.

wall (1982) defines physically akaardvchildren as

those 'children withodt known néuromuscular‘problems who fail
to perform Culturally-normative motor skills with acceptable
proficiency' (p. 254). Culturally-normative skills,'such as
playing hockey or basketball in North America, are generally
acquired within a specifié(culture at pertain ages by a

majority of people. Acceptable proficiency in these skills is

s % z,f’ ‘“ . / ’
“é%mﬁﬁl A version of this chapter has been accepted for
publication. Marchiori, G.E., Wall, A.E., & Bedingfield,
E.W. Adapted Physical_Activity Quarterly.
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characterized by purposeful, accurate, and precise behaviour,
and varies with the age, sex, physical activity'context, as
well as the socio-cultural environment of the individual. In
fact, children's proficiency in thése culturally-normative
skills usually increases with age and reflects the increasing
complexity of tpéir educational, social, and recreational

environment.

In play situations, physically awkward children have
great difficulty disguising their lack of motor proficiency
from others. As a consequence, they are ¢6ften ridiculed by
their peers (Gordon & McKinlay,~1980)g\i? time, their peers
may label them as 'clumsy' and often exclude them from group
play situations. Thus, it is not surprising that physically
awkwardfchildren ultimately decide to avoid participating in
physical activity especially in pgblic settings (Gordon &
McKinlay, 1980; Whiting, Clarke, & Morris, 1969).

Unfortunately, this choice to avoid physical activity
results in a lack of practice of the ver& skills such
children need to enjoy participating in culturally-
normative play and sport environments. Such reduced pr;ctice
time inhibits skill development and heightgns the performance
differences whiéh already exist between physically awkward
children and their peers. If the withdrawal behaviour is
allowed to continue, a significant decrease in physical
fitness can be expected (Wail & Taylor, 1983). The delay in

motor development producéd by the combination'of physical

[N
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awkwardness, reduced participation in physical activity, and |
the ensuing loss of fitness can also generate negative social
Eonsequences. In fact self-confidence may becomé so eroded
that physically awkward children develop a pattern of
disruptive behaviour in an attempt to mask their movement
difficulties (Gubbay, 1975; Keogh, Sugden, Réynard, & .
Calkins, 1979).

.A systematic investigation of the problems faced by
physically awkward children must be base& on a sound theory
of geheral motor development. A comprehensive approach to.
motor development thaﬁ emphasizes the importance of knowledge
about action and how learning contributgs to the development
of that knowledge was proposed by Wall, McClements, Bouffard,
Findlay, and Taylor (1985). These authors emphasize the .
importance”of an integrated knowledge base which inc¢ludes
procedural, declarative, affective, and metacognitive
knowledge and skill about action. |

Procedural knowledge underlies the performance of skills
within a given dqmain} In the motor domain, procedural
knowledge underlies all éspects of an action including the
perceptual, cognitive, response initiation, and execution -y
phases (Singer, 1980; Stelmach & Diggles, 1982). The
execution of ané’motor skill depends on the use of éhis.
procedural knowledge that hés been acquifed through lgarﬁing

and experience. Hence, the tepertpire of motor skills that

children develop depends on the quality and quantity of



practice that they have experienced. By definition,
physically awkward children are deficient 1in such procedural
knowledge about action.

Declarative knowledge about action refers to factual
information stored in memory which will influence the
development and execution of skilled action. As children grow
older, they gain more experience in the use of actions and
the objects that their actions influence. As their
declarative knowledge base increases tHey begﬁp to attach
conceptual meanings to/their actions and these verbal

e
concepts, in turﬁfrallow them to more readily control their
actigns. This interplaybetween procedural and declaratiie
knowledge seems to be at th~art of the skill learning
process. Thus, the ability to integrate different types of
knowledge about action seems to be essential .-for the optimal
learning and control of motor skills. Unfortunately,
physically awkward children often have developed a very
limited procedural and factual knowledge base in the action
>dom;in. This is not surpriSing given the fact that they haQé
limited experience in physical activity settings.

Affective knowledge is the third type of knowledge about .
action that children develdg‘ Every action that childgen '
perform or attempt to perform is executed within ajgiven
context. As children gain procedufal and declarativg

knowledge they attach subjective feelings to their actions

and the situations in which they perform them. In a sense, a
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major goal of human mdtor development is the acquisition of
the competence and confidence to act independently in the
world. Affective knowledge certainly influences the
acquisi%ion of procedural and declarative know%sdge about
action. Again, clinical experience indicates that physically
awkward children often have very negative feelings about
themselves in action situations. In fact, as noted above,
many of them are reticent about being involved in‘
culturally-normative play and sport situations (Clifford,
1985; wall et al., 1985).

Metacognitive knowledge and skills reflect higher lpvel
declarative and procedural knowledge about action.
Metacognitive knowledge refers to knowing about~what one
knows. Physically awkward children often have a relatively
limited metacognitive knowledge base simply because they have
developed less procedural and declarative knowledge about
action. In the same way, they‘often exhibit difficulty in
planning, monitoring, and evaluating action; that is, they
have very inefficient metacognitive skills.

Thus, physical awkwardness is viewed as a developmental
problem which stems from a lack of acquired knowledge in all’
five types of knowledge about action. The major purpose of
this exploratory study was to exam{ne differences in the

N ,
procedural knowledge kase of physic&i{y aﬁk&ard children and
their age-matched peers. The specific skill selected for

study wasNFhe culturally-normative stationary hockey slap

*
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shot. The first purpose of this study was to examine the
performance differences between the two subject groups. The

second purpose was to investigate the pattern of performance

trials of the

changes which might accrue from 1200 pfacti

y awkward childre Data

slap shot by the two physica
collection and analysis copfstraints dictated the u of a
case study desiﬁn with its inherent limitations.

The knowledge-based theory is the most recently
developed approach that examines the role of knowledge about
action in motor development. The theory was based on the
ideas of Brown (1975, 1977, 1978), Flavell & Wellman (1977)
and Newell & Barclay (1982). The knowledge-based approach
will be utilized to provide empirical support for the role of
knowledge domains in the pérformance of the s}ap shot. The
results of this initial study will concentrate on the role of
procedural knowledge in-‘*the development of the stationary
hockey slap shot. The interaction of the other components of

{

knowledge is acknowledged, but they were not examined in this

study.

. Subjects %
Two physically awkward boys and two control boys acted

as the subjects in thiﬁ study. As can be seen from Table II-
1, the physically awkward boys were 7.0 and 8.2 years of age

while the control boys were 6.3 and 7.2 years of age. Thus
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Table II-1. Height, Weight, and Age of Matched Subjects

Subjeet Height Weight Age
(metres? (kg) (years)

PAl 1.38 38.5 7.0

Ccl 1.28 25.0 6.3

PA2 1.37 36.5 8.2

C2 1.25 24.0 7.2

Note: PA=Physically Awkward Subjects; C=Control Subjects

the physically awkward boys were slightly older than their
control peers. The physically awkward boys attended the Motor
Development Clinic at the University of Alberta. They were
referred to‘the Clinic by their teachers and their parents
had agreed that they would benefit from attending the
remedial and counselling program at the Clinic. Both
physically awkward boys had scored below the tenth percentile
on at least three of the seven gross-motor ite;s on the Motor
Performance Test Battery (Taylor, 1982). They also scored
below the genth percentile on at least two of the six items
on the Canada Fitness Test‘(Gauther, Quinney, Massicotte, &
Conger, 1980). It is on the basis of such a profile analysis
that children are accepted into the Clinic. The control
subjects were selected at random on the basis of class lists
from two elementary schools in Edmonton. Control subject 1

- (C1l) had played organized hockey fqr one year; however, the

other control subject (C2) had no organized hockey

experience. Furthefmore, the physically awkward boys had no
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formal hockey experience and were taller and heavier than
their control counterparts.

Procedure

The initial data collection session for each subjebt
(physically awkward and control) consisted of performing the
stationary hockey slap shot in the Sport Performance Unit
(SPU) at the University of Alberta. The children were
Jinstructed to strike a sponge rubber puck as forcefully as
possible toward a goal two metres wide by one metre high
outlined on a wall five metres from the starting pad. Any
puck that hit the wall within the goal boundaries was judged
an acceptable trial. Three acceptable trials for each subject
concluded the session.

A six-week practice program was implemented in an
attempt to improve the performance of the slap shot by the .
physically\@wkward boys. After the initial data collection
session, the physically awkward subjécts practiced the slap
shot at home, under the guidance of their parents, for the
next two weeks. The parents were given instructions on key
| skill cues (e.g., hand placement on thé hockey stick, height
of backs¥ing, puck placement with respect to the feet, amount
of force to contact the puck, and how and where to aim the -
puck) that the children should attend to during practice. The
praétice session at home congasted’of 40 trials pef day on
any five days of tﬁe week, generating.a total of 200 practice

\

shots per week. The physically awkward subjects returned to

e
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the SPU after the two week practice session to perform three
more acceptable trials. The physically awkward boys then
returned home to practice; Again, explicit instructions
regarding practice were given to the parents. In addition,
the experimenter demonstrated to the subject and his parents
the practice protocol that was to be followed for the next
two weeks. Over the entire six weeks, the total number of
supervised practice slap shots performed at home by the
subjects equalled 1200. The number of data collection
sessions in the SPU equalled four (pre, after two weeks, four
weeks, and six weeks practice).

Equipment

A Photo Sonics 16mm 1PL camera, equipped with an
Angenieux 20-120mm lens and an internal timer, was used to
record the slap shot performance of the first control subject
and the twé physically awkward subjects at a running speed of
100 Hz. The other control subject was filmed at 150 Hz. The
camera was loaded with Kodak 7250 Video News film (ASA 400)
and was positioned on a tripod 14 metres perpendicular to the
plane of motion. The shutter angle was set at 30 degrees,
exposure time of 1/1200 second, and the f stop was set at 4.

Three Colortran Qhartz-King lamps (1000 watts each) and

three Smith Victor K- lamps (600 watts each) were utilized
to project sufficignt light for the cinematography. Prior ta
filming, a light metgr reading using a Pentax 1 degree

Spotmeter VI was takeh to measure the light conditions.
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The films were projected via a Traid VR100 16mm film
analyzer approximately 30% of life-size onto a Bendix
Digitizing Board with a point accuracy of 0.0lin (0.0254 cm).
All subsequen€ input points (Humanscale 1/2/3, Diffrient,
Tilley, & Bardagjy, 1974) were entered into a Hewlett Packard
98258 micro computer via a Hewlett Packard 9864A Digitizer
and stdred on magnetic cbmputer tapes. The movement sequence
was analyzed starting from the top of the backswing and
ending well past puck contact to allow the data smoothing
routine to operate properly. High frequency noise was reduced
by a 2nd order bi-directional low pass filter (Walton, 1981)
using an 8 Hz cut-cuff frequency (Pezzack, Norman, & Winter,
1977). The 8 Hz cut-off frequency was established from.a
visual comparison of several cut-off frequencies plotted with
the raw data. The best fit with the raw data was the 8 Hz
frequency level. Centralqdifferences (Miller & Nelson, 1973)
were used to obtain the displacement-time histories of the
performance variables. Absolute linear velocity of the puck

(km/hr) and absolute angular velocity of the stick (rad/s)

(dot product identity) were calculated from the data;\

Results and Discussion
Two main questions were central to this study:
Are there major skill performance differences between the
physically awkward boys and age-matched control boys on the
stationary hockey slap shoé? What skill performance changes

would result from 1200 trials of parent-supervised home
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practice of the hockey slap shot by the physically awkward
boys?

The knowledge-based theory to motor skill acquisition
was utilized to examine the performance differences\between
the subjects in this study. The knowledge-based theory was
recently developed by Wall et al. (1985) and this study was
an initial attempt to provide empirical support for ghe
procedural knowledge base. In addition, only successful
trials by the subjects were analyzed. Any puck that did not
land within the boundary conditions was notAsubjected to
further analysis. .

Consistency of movement patterns has been utilized by
some authors (Franks, 1980; Franks, Weicker, & Robertson,
1985; Franks, Wilberg, & Fishburne, 1982; Glencross, 1973,
197S;NHiggins & Spaeth, 1972; Tyldesley & Whiting, 1975) to
evaluate skill. The techniques for evaluating movement
consistency vary; for the purpose of this study performahce
consistency was evaluated by visual inspection of the.
\congruencY between angular velocity curves of the hockey
stick and the occurrence of peak stick velocity in relation
to contact with the puck. In order to facilitate comparisons
among the different subjects and 2rials, the angular stick
velocities are presented on congruent Y axes,ranging from 0

‘to 45 rad/s. |
| Figures II-1 and II-2 d?pict angular velocity patterns

of the hockey stick for control subjects 1 and 2,
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(rad/s)
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Figure II-1. Instantaneous angular velocity of the hockey
stick expressed in radians per second (rad/s) for the control

hockey player.
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Figure II-2. Instantaneous angular velocity of the hockey
stick expressed jn radians per second (rad/s) for the control

non-hockey player. .
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respectively. As noted above, Subject 1 had completed one
year of organized hockey; whereas subject 2 had no formal
hockey experience.

As Figure I1-1 shows, the stick velocity in all three
trials for control subject 1 followed a similar pattern
throughout the action. The congruency of these movement
patterns reflects a high degree of movement consistency. The
timing of Cl's action pattern as reflected in the close
relationship between the peak stick velocity and puck contact
point was also very consistent. Peak angular velocity should
occur very near the release of the puck from the sticg (Hay,
1978), and this subject demonstrates this characteristic very
well. The peak stick velocity values Qere 41.0, 41.2, and
37.5 rad/s, with resultant puck velocities of 70, 98, and 73
km/hr, respectively. It shoufa be noted that on trial 2 the
higher resultant puck velocity was probably due to the féct
that the éubject!s stick made little contact with the floor.
In summary, this subject demonstrated a quite consistent
action pattern; however, as one would expect from a child of

.ﬁus age and experience, his timing could be ‘improved
somewhat. |

Figure II-2 represents the three performances that
control subject 2 completed in the initial test session.
Again, the movement patterns reflected by the angular )

veloc1ty of the stick are somewha‘ similar; however, the

degree of consistency i% considerably less than that achieved

¢ 9
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by control subject 1 who had played hockey. The peak angular
velocities of 36.1, 33.5” and 38.0 rad/s resulted in
respective puck velocities of 46, 56, and 55 km/hr which are
considerably lower than the first subject's velocity figures.
‘The deflections in two of the curves (trials 1 and 3) before
puck contact indicate that this subject hit the floor prior
to contacting the puck thus decreasing stick velocity
momentarily. Furthermore, for control subject 2, the shape of
the angdlar velocity curLe in relation to the point of
contact with the puck on each trial is somewhat variable;
however, if the peak angular velocity of each curve is placed
at the point of contact, the three curves become quite
congruent indicaging that, for this subject, the kinematic
pattern of the shot is relatively well-establishea'but the
timing on each trial is still slightly variable. It should be
noted that the abscissa for both control subjects are
~dissimilar due td the different filming speeds. The
difference in timing betweenvpeak stick velocity and puck |,
contact is minimal for both of these subjects (.02s for the
first control subjgct and 0 to .02s for the Eecoﬁa control
subject). |
Figures II-3 and I1-4 represent the angular velocity
patterns of the hockey ;tigk when physically awkward subjects
1l and 2 were shooting after 0, 400, 800, and lZOO.practice
trials. The best of the three trialé (represented by highest

puck v’elocity) jiaﬂ‘of the four sessions was chosen to.

‘
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Figure II-3. Instantaneous angular velocity of the fxockey
stick in radians per second (rad/s) for the best trial by the
first physically awkward subject in each of 4 sessions.

45 oontaeact
. SESSION
[
. 38t 2
b I
' 30t VS
37 r
2 20- - //

: 0 .08 .10 .18 .20 .28 .30 .38 .40
' TIME (o)

Figure II-4. Instantaneous angular velocity of the hockey
stick in radians per second (rad/s) for the best trial by the
second phy51cally awkward subject 1n each of 4 seSsions.
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illustrate performance of the bhysically awkward subjects.
The best trial in each of the four seisions was chosen
because the three triais in each session were very ‘
inconsistent and this method best represents the data for the
entire experiment. An examination of Figures II-3 and II-4
reveals that the physically awkward subjects had very
inconsistent angular velocity patterns. As the subjects
practiced ghe slap shot their movement variability did not
decrease across the four seséions. No clearly identifiable
pattern emerged’with the increased amount of practice.
Furthermore, the peak angular velocities of 15.0, 22.2, 23.5,
and 24.1 rad/s shown in Figure II-3 for the first physically
awkward subject resulted in best puck velocities of 58.6,
61.3, 57.5, and 61.3 km/hr, respectively. The peak angular
velbcities of physically awkward subject 2 of 13.5, 15.7,
ll.l,land 11.2 rad/s shown in Figure II-4, resulted in best
puck velocities of . 37.5, 48.6, 33.1, and 36.2 km/hr,
respectively. Obviously these are much lower puck veloéities
than those achieved by their matched control subjects.

It is interesting to note that the resultant puck
velocities achieved ,by the first physically awkward subject
‘were fairly similar, but were attained wi;h inconsistent
ﬁtiég velocity patterns'(seé Figure II-3); clearly, the ‘
g;az;&.of the subject's movement was quite erratic. The'stick

was elevated to a different height on each trial, and as a

result the peak stick velocity varied. It was expected that
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with practice the physically awkward children would improve
their timing as well as the consistency'of‘their movement
patterns over the‘1200 trials apd would thus attain higher .
puck velocity. However, the results show that both of.the‘
physically awkward subjects had not established a consistent
downswing phase for the slap shot and hence, the puck
velocities did not increase.

The angular veloc1ty patterns for phy51cally awkward
subjects 1 and 2 for all three trials in the fourth session
(i.e., after 1200 practice trials) are presented in Figures
II-5 and II-6 respectively. The movement variabfaity as -
indicated by the congruence of the curves on all three trials
of the first physically awkward subject is still high even
after 1200 practice trials. Peak stiéﬁivelocities of 23.0,
24.1, and 28.0 rad/s generated puck velocities of 42.0,l61.3,
asd 52 km/hr for the three trials. Clearly, this subject has
not yet formed a stable kinematic pa%tern for the slap shot.

The results for the second physically awkward subject
are presented in Figure II—6. Peak anguLéF,yelccities of
12.5, 9.4, and 11.2 rad/s generated puck velocities of 29.2,
31.1; and 36.2 kgghr. The results for the second physically
awkward subject are poorer than those of the first. This
subject started‘his swing with the stick still in contact-

with the floor. The horizontal distance the subject moved thq

stick to contact the puck was very small; a fact that

t
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Figure II-5. Instantaneous angular velocity of the hockey
stick in radiahs per second (rad(s)
awkward subject in the fourth test session.
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explains the low stick and puck velocities he generated. The
horizontal distance he moved the stick prior to puck contact
accounts for the relativelyfconsistent stick velocity
patterns. The key point is that even after 1200 practice
trials, the movement pattern generated was not congruent with
the instructions and practice he received prior to film;ng.

For a typical child, one would expect‘improved movement
consistency with practice (Higgins & Spaeth, 1972; Hoffman,
1974; Jensen & Prud'homme,,1980). The number of practice
trials that is required to achieve consistent movement
patterns has not been documented in the literature. The
control subjects demonstrated that they had achieved at least
some consisteﬁcy in their movement patterns in their only
testing session; furthermore, as expected, the hockey player
who had practiced more had the most consistent patterns.

Comparison of the graphs for the physically awkward and
control subjects reveal very considerable differences between
the two groups. The control subjects, without theg benefit of
1200 practice trials, perfcrmed relatively consistently with
respect to stick velocity patterns and thé occurrence of peak
stick velociiy. On the other hand, the physically awkward
subjects did not perform consistently or expectedly even
after 1200 actice trials. A brief review of recent theories
of developmental skill acquisition may provide ‘same )

understanding of the consistency problems,exhibited by the

physically awkward children..
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The need for practice is the underlying theme in recent.
theories of motor learning and development (Adams, 1971;
Norman & Shallice, 1986; Pew, 1974; Schmidt, 1975; wWall et
al., 1985). Such practice, however, must be guided with
sufficient and appropriate sensory feedback and knowledge of
results (KR). The results of this study clearly indicate that
physically awkward children, even after 1200 practice trials,
have very great difficulty performing the culturally-
normative hockey slap shot.

wWall et al. (1985) have made a number of observations on
the developmental problems faced by physically:awkward
children. These authors suggest that for school-aged children
to enjoy participating in play and sport environments, they
must develop accuracy and consistency in their physical
skills. Skillful players can acc&rately and precisely control
their kinematic response patterns. It is essential that
players learn the basic response-loaded skills of a given
sport before they are forced to use higher-level strategies
in competitive situations. The development of such
automatized procedural knowledge depends on practice which
facilitates the developmeﬁt of skillful performance.

The control subjects in the current study exhibit a
‘higher level of skill development compared to their
ph&sicglly awkward\peérs in only three\performance trials:
They did not require extensive practice to improve their

performance.‘Thus, their procedural knowledge was
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sufficiently developed and they were able'to precisely
control the kinematic pattern across three performance trials
in the response-loaded hockey slap shot.

Wall (1982) contends that physically awkward children
often demonstrate a lack of skill in cognitive-motor tasks as
early as the preschool years. As they grow older, this lack
of skill forces them to withdraw from physical activity which
results in decreased practice opportunities. Most children
develop their sport and play skills within culturally-
normative physical activity environments; and they usually :
participate in sport activities with children who aie within
their own age group. However, in order to‘be involved in such
age-appropriate sport activity a child must have a minimal
level of proficiency in the skills required for that sport.
Physically awkward children, by definition, do not have
sufficient physical proficiency to be able to successfully )
join such sport situations. Hence, they are often precluded
from practice opportunities which would allow them to acquirg "
“the very.skills they need for positive participation-(wall,
1982). The results of this study demonstrate very clearly the
difficulty facéd by physically awkward children in |
culturally-normative Spqrt‘situations such as hockey. ,

The results of the performance data’for the physically v
awkward subjects demonst}aEé theig inability to imprové on a

response-loaded ciosed skill after 1200 practice trials. The

data also suggest that even with informed parental
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supervision, physically awkward children can not achieve the
environmental goal with acceptable and abpropriate kinematic
patterns. It would appear that the physically awkward
children are deficient in acquired knowledge and this isl
reflected inltheir performance scores and patterns. Thus, it
appears that these physically awkward subjects are lacking
knowledge in factual information, pertinent biomechanical
factors, and key coﬁtextual cues that readily influence the
initiation and control of the hockey slap shot. Their
inability to analyze the demands of the task or to choose and ,
use suitable strategies to accomplish the task appropriately
suggests that these physically awkward children are lacking
in essential knowledge regarding hockey slap shot

performance. .
The results of this study represent an ¥nitial attempt
to demonstrate the procedural knowledge difficulties faced by
physically awkward children. Clearly, these resulté néed to
‘be replipated. However, they are congruent with the clinical
observations of adapted physical educators. If such fiﬁdings
\ are in fact correct, they -reinforce some of the observations
Wallmét al. (1985) made regarding remedial strategies‘tb help
_‘iphysically akaard children. Parents, teachers, and Cbéches
.‘xneed to cons?der carefully the developmental skill level .of

the children in their prdgrams and ensure that their children

hfve the necéssary skills for successful participation. Also,

<
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the acéivities should be designed to match the skill level of
the participants.

In order to minimize their movement difficulties,
physically awkward children should be encouraged to learn the
basic requirements for response-loaded skills that emphasize
the organization and timing of one's own movements. Such
skills as running, swimming, skating, and skiing, should be
acquired before such individuals try to learn motor skills
that reqﬁire perceptual and cognitive processing prior to the
execution of a response. Evidently, considering their
procedural knowledge difficulties, physically awkward
children will experience minimal success if thei_age p}aced
in competitive sport sipuatiens in whicp they must respond
quigkly and accurately to the action of others. It would seem »
more sensible for theﬁ to practiée response-loadeé motor
skills in less pressured situations whe;e the environment is
closed and structured. It would also be in their best
interests to receive ample guidance and feedback about their

performance.
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III. Mechanical Analysis of Bowling

To the casual observer, the sport of five-pin bowling
appears to be a simple task, the objective of which, is to
knock over the pins by roliing a ball from a distance of 60
feet (18.29m). The underlying compléxity of the skilllmay be
realized by qbting that a one,degree deviation from the
vertical in the arm swing at release produces a changé in
location of the ball by 1}65 feet (.32m)‘a£ the head pin
(Broer & Zernicke, 1979). The sport's complexity becomes more
apparent when one cons}ders the amount of pin and ball |
deflection upon impactq Also, the coordination of the upper
limb and the feet during approach and the delivery form at
the foul line affects the direction in which the ballzis
thfoﬁn. It ‘can Be summarized, therefore, that the skifl of
successful Powling is a highly complex mé&or pattern with a

»

narrow tolerance for error. .

3 [ N

Bowling, because of its complex nature, has been

“

subjecteditq spiéntifig investigation by numerous
'reSearcﬂers.-Most of thé research has been conducted in the
United States on teén-pin bowling. The earliest research in
bowling estabiisﬁgd norms and learning curves for college
women (Phillips & Summgrs; 19580), norms tqvgvaluate and
classify college men and women of different bowling skiil
levels (Maxtin,‘1§60),'and to establish powlihgnnorms‘for
ceilege men éhd women ip elective physicélleducation'classes
(Martin & Keogh, 1964). _‘ o .

'Y I
. -.)
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A;so, from 1960 on, numerous theses examined various
components associated with the sport of bowling. All three-
phasesgof bowling: preparation, force production, and follow
thfough, as well as many different components relating to the
sport” of bowling have been examined. A list of some of the

investigators and their research is provided. The variqus
. - .

e aspegts of investigation included: types of instruction

~ A(BennetL*1969; Bierscheid, 1969; Church, 1963; Cox, 1963;
. . 4 .- § * . . .
'- Cronaﬁ968; Hall, 1958; Tredway, 1972), nymber of steps in

the approach (Bladen, 1960; Songster, 1961), practice (Kahn,
1959; Roberbson, 1969), force production (Klatt, 1965), and
relationship among éntﬁropomeiric, strength, and performance

measuras (Sabol, 1962; Widule, 1966) . _
N e

- A novel approach to investigate bowling'was adopted by

Rothstein ano Arnold (1976).‘The authors geviewed research
literature that’utilized videotape feedback to acquire
\ information rdlative to the}teaching or coaching of the
.specific bowling skili. Rothstein and Arnold reviewed the
bowling literature and applied. the model of motor skill
learning proposed by Gentile (1972) to this 1itefature.‘1n
. suﬁmary,‘the liter?ture suggesteéd that improvement in
glearning is dependent upoﬁ‘the‘leernez}s abiii (o] use‘-v
information galned through seléctlve attentlon to formulate ali

motor plan with a hlgh‘Probabllity of success, execute the

‘o
plan; and -then, uging feedback about both the movement and
the outcomg of the movement, assess the intgractive
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Y
effectiveness of both and decide what to do on the next

trial. The teacher or coach plays a crucial role in the
successful completion of each step leading to
goal-attainment.
Ce Biomechanical analyses were also conducteJ on bowling.
In 1974, Murase, Miyashita, Matsui, Mizutani, and Wakita
analyzed the motion of the bowling ball during the approach
and delivery uéing biomechénical methodologies. Eight *
righthanded subjects were askeq to gelivet the ball ten times
at all ten pins. The subjects}were filmed at 4;i?-ﬂz in the
sagittal plane. The subsequeﬂt data analfqis sgggested that
the coordination of the bowling arm and the feet duging the
approach and the form of delivery were &uité consisﬁent each
t;me for the high-average subjects. On thé‘qghé; hand, timing
in push—éway, backswing, and forward and downward swing
. during approach were not consistent each time in the case of
‘lé@-average-subjects. The results also indicated thatAthere
» was no distinct difference in the final ball speed between
the skilled and unskilled subjects even though the height of
backswing diffé:ed greatly among éhe subjects. The authors
cohcluded that the factor of accuracy is more important than
ball'speed to achieve high scores in ten-pin bow;iﬁg.
| ;A trecent biomechanical inzsstigati y Finch (1985)
:éXAmiﬁed the effecéé;differgnt ball weights had on the
kinetics and kinematics of the shoulder action during the T,

bowling delivery of slow, and hibh speed bowlers. Twénty-fourv
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bowlers (12 slow and 12 high speed) performed three trials

which were filmed in the sagittal plane at 76 Hz using a

PHoto Sonics 16émm camera. Data reduction was performed using
a Numonics _digitizer in‘t?faced with «n Univac 1140 computer.

Three phases were identified to examine particular variables

v -

during the bowling approach and delivery: p#sh-away to f
vertical arm position; vertical arm position to height of

backswing; and height of backswing to ball release. The
- - . ,
‘aigllowing conclusions were presented: the bowling appgoach
- .

can not be accurately described as a cadenced movement down

the lane; bali weight influenced the resultant ball speed;

o

the vertical position of the shoulder was decreased during

the push-away and downswing, and elevateg in the backfwing m .

phase; different maximum and minimum shoulder torques were

applied from phase to p}‘se by both speed grgﬁpss and, tﬂ‘?‘s‘;‘

armsying'emplo}ed during the deliveﬁy by the interme8iate :
bowlers should be degcribed as an.accele:ated penduluﬁ rather
than a simple £ree—swin§ing pendulum. s |

Reseafch on bowling.has been very diversified as shown *

by the numerous investigations presented. The major research

v

emphasis, howevér, has been on the ;ééhnique for ten-RQ
. A : ,

b

‘bowling. No published research has heen condugtgg on t

| canadian yersion of bowlingja-'five—pin. The-ﬁiqu _
differences between five%pin Qﬁé tqﬁépin bﬁwlinéuinclude:

“ball size and weight; the number . of pins as well as pin"
placement and position;,and tﬁe»scofing. All. hg.othér

)

’
R

i
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factors are similar (i.e., lane léhgth and width, foul line

placement, and gutters).
»y

Bowling has evolved from something of a curiosity game

to one rgquiring highly.developed skill. The standard
five-pin bowling game requires a five inch (12.7cm) diameter

{

inertial sequential pylon destabilizer {balll) weighing as
much, as 58 ounces (1.65kg), and an arithmetically p;ogressive
semistable pylon array (five 12 3/8 inch (31.4cm) pins) at a
distance of 60 feet (18.29m). The bowler must control aim,
%peed; and spin by developing a $hooth, routine, and
unaffected delivery tecﬂnique to hit the pins consistently.
An understanding of the mechanical principlék and general
movement péttern from the sport of bowling will provide
nece;sary baqufound information to understand the
éomplexities involved in this\sport. The mechanical
principles are summarized from Broer and Zernicke (1979).
Bowling uses the underhand pattern of movement, and the
general mechanics for ;he production of force and thus
control of direction are similar to arty activity that
utilizes an object that is rolled or thrown along the ground.
The underhand pattern does not produce maximum force because
of restriq;ions on body rotation, however, it does allow for
maximum J;e of gravity in the production of Sall velocity.
The skil%‘of bowling can be divided into three phases:

preparation (general body position), force production

(push-away, backswing, and release), and follow through. The

L
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bowler should adopt a comfortable and relaxed stance. The

~

"’ ball should be gripped wiﬁh thghggyinant hané undet the bail,
and supported by the other haﬂa, elbows in and close to the
sides of the body, with the ball held appréximately at waist
level. Both feet should be.firmly on the floor and reasonabl?
close together, although one foot may be slightly ahead of
the other (Broer & Zernicke, 1979).

The push-away 1s the first compbnent in the force
production phdsg. The ball is pushed forward at full upper
_1imb length wiig\the beginning of the first step. When the

ball is pushed away from’ the body, the upper limb and ball
form a pendulum” on which gravity acts and causes it to
accelerate toward the floor and into the backswing phase. The

. free hand and upper limb shpuld be held slightly away from

the body to help balance the weight of the ball.

Frop the end of thé push~-away, the upper limb‘and ball
go down and ﬁgto the backswing phase. It is not necessary to
exert great force to géaéh the top of the backswing. The

’ﬁgight that the ball travels in the backswing depends on the

length of the bowler's upper limb and the heigh£ achieved in
the push-awéy phase. The higher the push-away, the greater
the momentum, and the higher the backswing. From the top of
the backswing gravity again brings the ball down and forward
to the point of release. The velocity with which the ball is
tfﬁvelling at tgg bottom of the swing is dependent upon the

“
height the ball reaches. in the backswing phase.
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The efféghtveness of a given force in producing rotary *

i \

motion (to:ﬁée) is dependent upon the perpendicular distance

from the line of force application to the fulcrum. The ball,
therefore, must be pushéd away g}om the body tobincr;;se the
force potential. The greater the distance from ball to
 shoulder, the greater the moment of graviéatidnal force. The
motion of the upper limb during this approach phase is a
smooth pendulum swing -- out, down, back, forward, and follow
through. Any variation from a sfraight pendulum swing )
increases the chances of missing the target. The ball shouild
be released at the lowest point in the pendulum swing for
utmost accuracy.

The distance the ball hand can be raised straight
backward is limited by the bony structure of the shoulder
joint. A forward lean of the trunk is used to increase the
height of the backswing without causing the swing to deviateé

lfrom its st;aight path. Additional momentum is produced by
the use of the appfoach in bowling. Since the velocity of the
body can be transferred to an object held by the body, the
porizontal velocity which the bowler acquires through the use

’

of the approach (3, 4, or 5-step approach), if timed with the
L N
swing of the ball, is transferred to the ball and augments

the velocity produced by the arm swing. Any twisting of the.
. - - ‘
body dqfing the approach may interfere with the straight path

of the swing ana should thus be avoided.

-

e
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Maximum force in rotary mot4on is at right angles to the
radius: thus the ball should be released when tke uéper 1imb
and‘ball are perpendicular and close to the floor:. This is
accomplished by lowering the body thrgugh flexion of ghe
knees and hips while maintaining a well-balanced body
p&sition. The .final forward step onto a deeply élexed lead
lower limb and the slide both f}atten the forward arc agpd
contribute to a smooth release. The slide also allows for a
gradual decrease of the mo%entum of the bowler.

Since the‘ball continues to move in the same direction
as it was moving at thé moment of release, a ball moving in
an afé‘travels along a path which is tangent to that arc at
the point of release. This means that there is only one point .
at which a ball swung in a semicircle around the body can be
rkleased and still travel in the desired direction. The
accurécy éf the rolling ball, therefofe, is/dependenﬁ‘upon
the arc of the swing and the~release pofnt of the bgll. The
bewler must gdhere to the mechanicél princiﬁles governing

bowling, therefore, to maximize pin fall and to enjoy the

sport of-bowling. Y
summary )

The preceding discourse has discgsseq,the contribution
of research to the sport of bowling and tge mechanical
principles that relate to the underhanﬁ.pattern used. in
- bowling. This brief review provides insight into the

mechanically correct pattern used by expert bowlers. The
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experiﬂénts on ball ro}ling for accuracy that follow will
indicate the pattern of learning used by selected young boys.
Their patterns are not necessarily mechanically correct, but

.do provide an understanding of the patterns incorporated by

developing boys.
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Iv. Kinepatic’Analysis of §kill Acquisition
In Normal qnd-Physically Awkward Boys
Performingva Bowling Skill
The benefit§'of.practice gr%etly influence.the skill
dévelopment of the individual.. The goal of the individual is
to become moré skilled as the amount of practice increases.
Glencross (1978) proposed that the mastery of skilled actions

-

is a consequence of long, arduous, and often indirect

.

circuitous pathways of extendéd practice and effort. Cleérly,
practice is an imporéaht determinant in the'developmeht of
motor skills (AQ?TS, 1971; Schmidt, 1975a; Wall, McClements,
Bouffard, Findlay, & Taylor, 1985), however, the type of

practice mpust be appropriate for a given individual in order

A

to increase skill proficiency (Gentile, 1972).
Bruner (1973) suggests that goal-directed, skilled
action is the construction of serially ofered constituent

acts whose ‘performance is modified toward less variability,
CETER —
more antigipation, and greater economy by banefit of sensory

feedbaék and knowledge of résults;-In a similar vein,
Glencross (1978) suggested that the development,
modification, and refinement of the action sequence or\plan

in learning is dependent, at all stages, upon the information

avéf&able to,.thé learner. The availability of information, as

well as the quality of information, must be considered when

-~ s

an_acti;n is performed. Infdrmafion,féedbaék‘can-be verbal,

visual,’ kinaesthetic, extrinsic or intfinsic, supplémented or-

]

~

89 [} ] -
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‘augmented.(%he‘necessity and proviéion of ipformation ip_ the
best possible manner is the primary concern for learning to
occur. In order to utilize the diffefentktypes and levels of
information, the learher must be in a particular stage 6f -
developﬁent and at an appropriate skill fevel_on a given
task. | R

Wall (1986b) views the developmental skill acquisition
process from a four component perspective. He proposes that
factors relating to the person, task, ehviroémeng, and
instructional strategies interdct to either. facilitate or
hinder leagpiné. Successful skill\acquisition”depends on the
degree of congruency among fhese four key compbnepts. In
terms of the person, it is important to assess the
developfmnental skill level of the individugl in relatioﬁ to
their knowledge aboug action. wall et al. (1985) stressjthag
declarative knowledge, proceédural knowledge, affective
knowledge, metacognitive knowledge, and metacognitive skills
underlie the developmental level of an individual. Secondly,
they contend that the degree to which 5 person has developed
sport-specifi¢ or task-specific knowledge must be considered
as well as the stage of learning that an individual has.
achieved on a task-to-be-learned. The beginning stage, which
requires the learner to get the idea of the movement,
requires very different practice and instrﬁctioﬁal strategies
from those that would bé appropriate‘for the automatized *

phase of skill acquisition in which the learner is attempting

K
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to reguiate the kinematic patterns associated with a given
action or action sequence. Thg nature of the task mus;_also
" be cs%sidered because a person will react significantly
differently to a given task depending on whether it is
response—lqade&, perceptuslly—loaded, or cognitively—losaed.
For example, an opeﬁ skill such as tennis, which is played in
a highly changing snvironment under time-stressed conditions
(cognitively-loaded}, is very different in terms of task
demands from a‘closed,\response-loaded skili‘such as bqwling.
Thirdly, the type of environmént in which a task is learneqd
or performed may dramaticaiiy affect the performance of an
individuali Finally, the fourth factor includes the
instructional strategies and the experienced instructor
utilizes information on ali of these variables and their
interaction witb e;ch other before selecting appropriate
instructional'strategies for intervention in the learning
process. |

The skill acquisition process which has been idsntified
by Wall (19§6b) eveftually leads to skilled motor
performante. Glencross (1980) has identified four majo?
characteristics of skilled motor performance and actions:

'motor constancy, uniqueness of action, stability and

consxstency of action, and modiflablllty of action. Motor

- -

Aconstancy is the ability of the motor system to produce a \

wide range of goal-directed movements that are identical or

closely related, but utilize different muscles and movements.

~
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Uniqueness of action involves motor actions of the same
response or of action patterns that are not‘identicai on
successive trials or occasions. Over repeated trials the
spatial/temporal pattern>of an action occurs within a certain
bandwidth of variability. Stability and consistency of action
suggest that the more skilled the performer, the more stable
the temporal arrangement of actions and the narrower the
 bandwidth. This feature is associated with the specific style
of a performer. Médifiability of action refers to movements
which are continually modified and amended in‘fésponse to the
environmental changes processed by the performer (Gléncrois,
1980) . |
In order to guide the individual through the skill
acquisition\processf thére are some very important
concomitants (e.g,, knowledge of results (KR), motivation,
reinforcement, and knowledge of pérformance (KP)) associatéd
with skill development and learning. These factors are
briefly acknowledged here as they relate to the whole péoCess
‘of skill acquisition. Bilodeau and Bilodeau (1961) and Newell
and Kennedy (1978) qu:ested that the single most important .
variable governing the learning of motor skills is KR. Newell
<~a.nd KennedyJLl978) proposed that the optimal level of KR is
usually asséciated with the maturit§ of the individual aqg
the readiness to learn. Other authors stfb§Sfthe benefits of

motivation (Gentile,\1972; Landers, 1975), reinforcement

(Gentile & Nacson, 1976; Moxley & Moxley, 1976), and
~ ,
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knowledge.of_per;ormance ({Gentile, 1972; Higg}nS'& Spaeth,
1972; Hoffman, 1974; Newell & Walter, 1981; Tyldesley &
whiting, 1975). All of these variables are jfifluential and
should be considered when examining motor skill development

N

and learnlng

The precedlng paragraphs have outlined the relatlve
importance of practice, knowledge of results, and learning on
skill acquisition. Little detail, however, is provided in
most programs relating to the kind of feedback most
appropriate for the child to learn a particular task. Also
lacking is,tge schedule_cf“practice that the child should
adopt in learning, and the contriburign that motivational_
factors should play in learning. Further, there is a paucity
of experimental evidence on how»children acquire skills. In
an effort to somewhat alleviate this scarcity of research on
motor skill acquisition in children, the following experiment_,
was designed.

The primary purpose of this study was to evaluate the
effect of 1000 practice trials distributed over 10 practice
sessions on the ball rolllng accuracy of four pairs of age-
and ant@rc”bmetr1cally-matched physically awkward and normal
(contrgl) bdys. The practice protocol did not include

knowledge of performance feedback; however, knowledge of

results and intrinsic and extrinsic sensory feedback .
information was readily available. A secondary purpose was to

P

examine the effects of a structured teaching protocol for two

/ . . . e
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physically awkward subjects based on essential performance

cpanges of their matched peers. -

Method

Subjects . -

The process of subject¢selection was completed in two
stages. First, fon physically awkward male subjects were
identified from the Motor Development Clinic at the
University of Alberta-and from two elementary school€”in

- Edmonton. The age, hei;ht, and weight of the physically
awkward subjects were assessed. éecond, based on the age and
anthropometric measures of the physically awkward boys, and
assuming similéritiés in the pattern of learning of matched .
subjects, four gormal boys were selected from two elementary
schools in Edmogion. Two of the four control boys were . |

randomly selected ag teaching- controls fo;‘their matched
awkward peers. A qualitative andlysis of the performance for
the two control éubjects along with the teaching plan for
their awkward peers is presented in Appendix A. ‘Any boy with

a chronic medical problem, physical orﬁbehaviéu:gl difficulty’

was removed from>the list of posgible subjects. Informed

parental consent was obtained prior to éhgject participation.

-~

Table‘IVé!iprovides a summary of subject information. )
.~ ' 4 - ~
Procedure: \

< The initial-data collection session for each subject
consisted of performing a mqg;fiéd bowling skill in the .Sport

q)Pérformance Unit (SPU) at the University of Alberta. There

< B
N N
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Table 1V-1.' Age,

Subject
\\

JN&TJS
KL&DE
DL&MW
DM&WC
mean

s.d.

8.

12.

10.

11.

10.

1.

95

Height, and Weight of the Matched Subjects

Age Height Weight
(
(years) (cm) (kg)
3 8.4 129.0 140.0 28.0  35.0
0 11.8 159.0 159.0 37.0  47.5
2 9.8 136.0 144.0 31.0  42.0
2 10.9 146.0 139.0 44.5  30.0
4 10.2 142.5 145.5 35.0  38.6
6 1.5 13.0 9.3 7.1 7.7

d-first subject is control, second subject is awkward

»

were slight modifications from the reqular fivefpin owling

skill for this particular experiment’. The modifications were

s

necessary to allcw data collection in a laboratory situation

and to reduce extraneous factors. These modifications

included: a one-step approach; smaller and lighter balls than

the normal five-pin bowling balls; contact with only the

centre target

(criterion) pin from the total of five pins;

larger pin siee; and one-half of the regular distance to the

target pin. Figure I\-1 illustrate; a schematic of the

é

testing apparatus utilized.

In the first data collection session, an explanation of

-

thHe equipment involved and the procedure to be followed was

provided to ea¢h subject. The subject then watched a

videotape demonstration (approximately 30 seconds in

duration) of the required skill performed by an expert adult
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Figure IV-1. Schematic of the experimental testing condition

for the normal and physically awkward subjects.
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bowler. Three trials were demonstrated on the videotape ghd\\
the subject was requested to carefully view the performance.
Next, the investigator demonstrated the bowling skill for
each subject and again informed them of the proper
proceddres. The subject was instructed to closely observe the
performance given by the investigator, from“a point
perﬁendicular to the plane of motion. At the end of the
demonstration, any questions the subject had relating to
subsequent performances were answered by the investigator.
The subject was then instructed to begin and to perform at
his own pace. The subject's performance was recorded on
videotape and the investigator recorded the pin number that
the ball contacted on each trial. The subject was informed of
pin contact within two seconds after each trial. The inter-
trial interval was approximately 10 seconds for trials 1-9
and 30 seconds between 9 and 10. On the tenth trial the
subject's performance was recorded on 16mm film for
subsequent analysis. When the camera attained pfoper
operating épeed, the command 'GO' signalled the subject to
begin the performance. After the completion of the tenth
trial the subject recorded the number of target pin successes
on a chart while.the investigator collected the balls. The
session continued in this manner until the subject had
completed 10 blocks of 10 trials totalling 100 trials., A

total of ten sessions (1000 trials) concluded the experiment
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for each subject. The above procedures were conducted during
the subsequent sessions.

Equipment

Bocce balls were used instead of regular bowling balls
to contact the pins. The balls averaged 586.8t3.8gms in
weight and 31.5cm in circumference. The pins were constructed
from plexiglass and each pin measured 5in wide X 151;/high
(12.7cm X 38.1lcm). The pins, 4in (10.16cm)}) apart, were
mounted by a small, dampéned door hinge onto a plexiglass

,
return to a stable and motionless pgsition.

support so they would swing freely when contacted and quickl;

A Photo Sonics lémm 1PL camera, equipped with an
Angenieux 20-120mm lens and an internal timer operating at 10
Hz, was used to record the performance at 3 filming rate of
50 Hz. The camera was loaded with Kodak 7250 Video News fi}m
(ASA 400) and was positioned on a tripod 7 metres
perpendicular to the plane of motion. The exposure time was

at 1/1200 second and the f stop was set at 4. Prior to
"J.lming of each subject's perfofmanc‘:e, a reference
measure of 1m was filmed in the plane of motion.,The ihage of
this measure during film analysis provided a known length
which was used to calcllate a conversion factor from film
measurements to actual distances.
Two Colortran Quartz-King lamps‘(looo watts eaéﬂ) were

utilized to project sufficient light for the cinematography.

Prior to filming, a lightmeter reading using a Bentax 1
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degree Spotmeter VI was taken to measure the light conditions
and the appropriate f stop was set on the camera.

The cinefilms were projected via a Traid VR100 16mm film
analyzer approximately 30% of life-size onto a Bendix
Digitizing Board with a point accuracy of 0.01 in (0.0254
cm). All subsequent input points (Humanscale Data, Diffrient,
Tilley, & Bardagjy, 1974) were entered into a Hewlett Packard
9825B microcomputer yfa a Hewlett Packard 9864A Digiéizer and
stored on magnetic computer tapes. Hjigh freguency noise was
reduced by a 2nd order bi-directional low bass filter ’
(wWalton;, 1981) using an 8 Hz cut-off frequency (Pezzack,
Norman,- & Winter, 1977). Central differences (Miller &
Nelson, 1973) were used to obtain diSplacement—tiﬁe
histories. The following kinematic parameters were obtained
for analysis: relative angular uppe;/;;;g\yelocity (limb
veiocity times radius of rotation in m/s); absolute ball.
veloci;y at release (m/s); height of ball (m) and anglé to
the hogizontal at release (rad); distance of the lead foot
behind the foul line {m); and step length (m). These A
pardmeters were chosen fér analysis from a mech;nical
analysis (Hay, 1984) of the Sgwling movement prior to the
study. The dependent: ggriable was the number of contacts
(accuracy) with the criterion-pin.

Means and standard deviations were calculated on the

kinematic variables. An error analysis (Schmidt, 1975b) was

conducted on the 100 filmed pin contacts as well as +he 1000
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pin contacts. Contact with the criterion pin registered a 0.

’

Pin contact to the left of the criterion registéred -1, -2,
and -3 respectively. The -3 score was for ahy ball that

rolled off the floor. Conversely, any pin contact to the

o

right of the criterion pin registered +1, +2, and +3

)

respectively. .
™

Precision and Consistency of Measuremen®

Measurement preCision and consistency were desired
throughout this study. To estimate th® nbfal egrof involved
in the digitizing process, the guidelines of McLaughlin,
Dillman, and Lardner (1977) were followed. A 50cm distance
was digiéized 50 times and the average absolute error was
idenﬁified. This value served as the beéé a priori estimate
of the error associated with each data point. To estimate the
extent of variability of measuring a point on the digitizing
surface, 50 repeated méasures of three points were digitized.
This value served as an indication of t@g degree of precision

. -
to which a point could be measured on the digitizing board
surface. One trial from each subject yas randomly chosen and

the entire movement was re-digitized to test the consistency

of the X and Y coordinates and theﬁii}hability of the
. N\

—

~digitizing sequence.

Results

.
s

The analysis,of resulfs is presehted separately for each
matched gair of control and physically awkward subjec;éf The

results are divided into two sections. The first section
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inc}udes the complete péhavioural data with the analysis of
' b
the 1000 trials across the 7en sessions. Criterion pin

contact and error analysis,/ namely constant and variable,

(Schmidt, 1975b) are prese.ted for each of the ten sessions.
The second section presents the results of the film déta. The
results of the kinematic analysis was based on the filming of
teg triais in each of the ten sessions. The last trial in
each block of ten trials was the one selected for filming.
Criterion pin contact and error apalysis are also presented
for the film data (lOO-trialé) to allow comparisons with the
more completé behavioural data (1000 trials). The kinematic
variables selected were—idéntified from an a_priori |
mechanical analysis of thelbéwling movement and further
supported through stepwise regression. These 'variables
included: resultant ball velocity at release, relative upper
limb velocity at release, ball-release angle :and height, stép

‘

.length, and the distahce the lead foot remained behind the

foul line.

Precision and Consistency of Measurement

»

A 50cm distance on the film was digitized 50 times and

" the error_estihage was t5mm. Sinée the calculation of the

distance involved two points, the total ?rror was divided by
two to obta;p an accuracy/measuré of t2.5mm. The 50 repeated
measures of discrete points yielded an éiror%of +1.5mm. This
1.5mm value implieg/éﬁat any‘single point can be dgtermined

with a precision of t1.5mm. This precision measurement is far
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a well—deﬁined‘point bnly. The landmarks of the human body
are not well-defined, but with a familiarity of the body
segment landmarks, careful cinematographical procedures, and
proper alignment of the film projector and digitizer, the
besg,a priori estimate'éf locating body landmarks ié +1.5mm.

The reliability of the investigator was examined by
randomly selecting one trial from each subject's performance
and‘re-digitizing the sequence. Theﬁxvand Y values for each
point from the original data were compared to>the re-
digiti;ed data. The reliability for the shoulder, elbow and
wrist positions for all subjects ranged from .97 to'.QQ,and

.92 o .95 for the ball coordinates.

Comparison Between JN and TJ

As Figure IV-2A indicates, JIN (the first control
subject) hit the target pin more frequently than did his\agé4
) . 14
matched physically awkward'counterpart, TJ. Furthermore,
whereas JN made considerable improvement over the teq,
sessions, TJ showed, at best, very minimal gains in-
performance.‘
| The reauléé of both error\scoresh namely constant and
variable error, §uppd?£ed the above target‘pin accuracy
results. As Figure IV-2B shows, JN had considerably less
';yagﬂable error than TJ throﬁghout the ten sessions supporting
the fact that JN Was more accurate and stable iﬁyhis bowling |,

°

performance. The constant error results presented in Figurex,\

e

4

IV-2C show ‘that JN did not reflect a response bias of the

S
4

N



A
- 100
ot IN % )
80} TJ 4
7o}

-2'07 ' W — A A ' . 4 A 'y
' 1 2 3 4 S . 6 7 8 S 10
'L : » _Bession .

«

Figure IV-2. Comparison between JN and TJ across the 10
sessions from the behavioural data. A. Criterion pin
contacts. B. VvVariable error. C. Constant error.
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target over all sessions, whereas TJ hit left of the
criterion pin 70% of the time. The variability of JN's
performance was also muéh less than TJ's reflecting again é/
lack of consistency in skill execution for TJ. K /

As outlined earlier, the subjects were filmed on every
tenth trial in all 10 sessions generating a total of 100
filmed trials in the experiment.'In general, the results of
the filmed trials were congruent with the behavioural
measures collected on all trials, however, at certain times
the expected congruermncy did not occur. An examination of the
film-aita for JN and TJ follows.

Ag Figure IV-3A indicates, JN bowled consistently better
than his physically awkward peer, %J, over all sessions. B
UnfortunéteLy, the improveméﬁﬁvacross sessions by JN found in
the more complete behavioural data, was not suﬁported by the
data collected on film. Again, TJ made little or no gains in”

. : . )
performance over the ten sessions.

The variable error data from the film is presenéed in
Figure IV—3B.and is congruent with the findings from the
behavioural data. JN is clearly‘more accurate and less
variablg over all ten ;éssﬁons. Again, the constanﬁlerror
presentéa in Figure IV-3C demonstrafes a rather equal
distribution of responses to both sides for JN while‘Td‘was
hitting targgis on the left side of the criterion in 90% of

his trials..
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Figure 1V-3. Comparison between JN and TJ across the 10
sessions from the film data. A. Criterion pin contacts.
B. Variable error. C. Constant error.
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The kinematic film data for each respective pair of
subjects will be presented with méansﬂand standard
deviations. This type of presentation will elucidate the
performance differences between the matched subjects.

As Figure IV-4A shows, JN bowled the ball faster than
his'physically awkward peer in all ten sessions. Both boys,
however, appeared to be bowling thé ball at an appropriate
velocity. The term 'app&opriate“’will be used taroughout this
result section when the performance of the matched subjects
falls within a qualitatively acceptable bandwidth of
performance.

As would be expected, the upper limb velocity results
(see Figure IV-4B) for both JN and TJ parallel the ball
velocity scores over the ten sessions. Again, JN has a higher
upper limb velocity than TJ throughout the:ten sessions.
Careful consideration of Figures IV-4A and IV-4B indicate
that both boys appeared to flex the wrist at release thus
- imparting slightly more velocity té the ball. The
contributibn of the hand velocity (by flexing the wrist) to
absolute ball velocity was not measured due to the }nherent
error involved:

The results for thé'release angle variébLgﬂshown in
Figure IV-5A réflect that JN had a much more stable and

mechanically appropriate release angle than TJ. Furthermore,

as would be expected of a physically awkward boy, TJ's angle

-+
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Figure IV-4. Comparison between JN ahd TJ across the 10
sessions from the kinematic data. A. Ball velocity. B.® Upper
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'&ﬁ gel‘gse was much more varjable within and acros§¥the ten
§§%§;9§5,
qgﬁgge results of the release height of the ball data

preé%%ted in Figure IV-5B show minimal differences between JN
%nd fék;TJ' however, was still much more variable within each
sessiéﬁ%%&an JN on this kinematic measure.

éigure IV-6A presents the results of the stride length
heasures. Again, minimal differences 1n the stride length for
JN and TJ are evident. Both boys appeared to generate
appropriate stride lengths for their body size throughout tﬁe

e,

ten sessions.

Finally, the distance the lead foot of each subject was
behind the foul line is presented in Figure IV-6B. TJ, who .
received specific instruction on this aspect of his
performance, was much closer to the line than his non-

awkward peer, JN. However, both boys seem to be within an

acceptable bandwidth of performance on this component.

Comparisggkpetween KL and DE '

As Figure IV-7A shows, KL, the second contql!;;hbject
was able to hit the target pin more often than DE:“Bis -
physically awkward peer, in all sessions. An analysis of both
curves ;;dicates that very little change in performance was
evident in either subject's scores across the ten sessions.

Figﬁre IV-7B presents the results'of the error variance

for both KL and, DE over the ten sessions. Again, as was
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110

N

sessions from thé kinematic data. A. Stride Length. B. Lead

foot distance behind the foul line.
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Figure IV-7. Comparison between KL and DE across the 10
sessions from the behavioural data. A. Criterion pin
contacts. B. Variable error C. Constant error.
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expected, KL's variable error was lower than his physically
awkward counterpart DE. Thus, the accuracy and stability of
KL's bowling performance over the ten sessions was better
than DE's. |

Figure IV-7C shows that KL's response bias, measured by
his consiant error, was always to the right, whereas, DE's
was on both sides of the criterion pin across the ten
fessions. Very little constant error was evidenced Ly these
two subjects indicating the majority of trials centred about
the criterion pin and there really was no difference between
the two boys.

Figure IV-8A presents the results of contact with the
ctiterion pin for the film data. In contrast to the‘
behavioural data where KL was clearly better than DE, there
was really no difference between the two boys on the Sample
of filmed trials. s

Q\\\\~_ The redults of the véiiable error scorés on the filmed
data indicate that KL had lower error scores in 7 of the 10
sessions, however, a careful analysis of Figure IV-8B
indicates basically no differenceszbetweeﬁ the two boys. The
filmed data is not congruent with the larger sample of
behavioural measures presented above. Possible reasons for
this occurrence will be gjven in the discussion section.

The results of the constant error analysis (see Eigure

IV-8C) is again quite different than the more extensive

behavioural measures. KL's response bias was 20% of the
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trials to the left of the target pin whereas DE's was 70% to
the left. KL had a particularly large response bias to the
right in Sessions 5, 6, and 7.

The ball velocity scores plotted over the ten sessions
" for both KL and DE are presented in Figure IV-9A. Mo obvious
difference between the boys is evident with the mean values
falling in an acceptable r?nge.
The upper limb velocity scores aré shown in ?igure Iv- .

9B with a slight difference evident between the performances

of the two boys. A closgr examination of the figure reveals
KL's large contribution of wrist flexion at release to impart
greater velocity to the ball. DE's contribution from wrist
flexion to the ball velocity was somewhat lower during the
earlier sessions, however, he did increase the contribution
from wrist flexion to ball velocity in the final three
sessions.
The release angie scores which are presented in Figure
IV-10A indicate a much lower and more effective delivery for
KL than for DE. Furthermore, DE's release angle varied much
V\\jnore than KL's within and across sessions.
Figure IV-10B presents the results for the release
height/of the ball used by both boys. Agaip, KL'had a much
lower and-more mechanically effective release height than did
DE. Of special ihterest in this figure is the dramatic
learning effect attained by DE over the course of the ten

sessions in which his release height values nearly reached

/

4
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Figure IV-10. Comparison between KL and DE across the 10
sesgions from the kinematic data. A. Release angle.
B. Release height. :
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that of hié non-awkward counterpart.

The stride length scores of each of the boys are
presented in Figure IV-11A. Both boys used appropfiate stride
lengths for their body size at the.end of the experiment.

The mean values for the distance behind the fodl line
are preSénted in Figure IV-11B. Again KL's performance 1is
closer to. the foul line and less variable than DE's
performance.

Comparison Between DL and MW

As Figure IV-12A indicates, DL (the third control
subject) clearly hit the target pin more frequently than did
his age-matched physically awkward counterpart, Mw. D&\showed

\
no improvement across the ten sessions, whereas MW showed
some gains in performance. It should be noted, however, that
there was still a large performance difference between the
two subjectg, with the physically a@kward subject performing
at a much lower level. MW was the other physically awkwgrd
subject that was instructed on certain components throughout,
the 10 sessions.

In terms of error scores, the results of both error
scores supported the abbve target pin accuracy results for DL
and MWw. As‘Figure IV-12B shows, DL had less variable error
tﬁan MW throughout the ten sessions gesting more acciracy

and stability in his bowling performa . The constant error

results presented in Figure IV-12C sh at both subjects
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Figure IV-11. Comparison betweeh KL and DE across the 10
sessjons from the kinematic data. A. Stride Length. B. Lead
foot distance behind  the foul line.
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reflected a response bias to the left of the target over 60%
of the sessions. The variability of DL's performance was also
much less than MW's reflecting again\a lack of consistency\in

skill execution for MW. One factor which should be mentioned

is that NW—;;;’the only left handed subject in the
experiment, so that contacts to the left éfvthe criterion
reflect a ball release with supination of the forearm and/or
a deviation from the vertical at release.

The criterion pin film data shown in Figure IV-13A
indicate tﬁat DL bowled consistently better than his
physically awkward peer, MW. However, there was no
appreciable difference in the totals over all the sessions
between the two subjects. MW's performance in Sessions 8 and
9 reflects his improved performance in criterion pin

—

7 contacts. (See the behavioural data in‘Figure IV-12A).

The variable error data from the film is presented infii
Figure IV;13B and is congruent with the findings from the
more complete behavioural data. DL is more accurate and less
variable sver all ten sessions. Again, the constantférror
presented in Figure IV-13C demonstnates a rather equal
distribution of responses to both sides for DL while MW was
hitéing targets on thelright side of thé criterion in 60% of
the throws. .

As Figure IV-14A shows, there is no appreciable
difference in ball velocity between DL and MW over all 10

-

\
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sessions. Both boys, however, appear to be bowling the ball
at ﬁwlow but acceptable velocity.
As would be expected, the upper limb velocity resu%Fs

(see Figure IV-14B) for both DL and MW parallel the ball
vefbci}y scores over the ten sessions. The contribution to
béll velocity through wrist flexion was much highef for DL
compared to MW. It appeared from a qualitative analysis of
MW's performance (see Appendix A) that he dropped the ball
from his hand and thus contributed very little through wrist
flexion to ball veiocity.’

| The results for the release angle variable shown in
Figure ¥Vv-11 :eflect that DL has a much more stable and
mechanié;lly appropriate release angle than MW. Furthermore,

MW's angle of release is much more variable withih and across

the ten sessions. It appears that MW allowed thé‘ball to drop

)

from his hand rather than releasing it smoothly and this is

also evidenced in the release height values.

\

The results of the release height of the ball data

ny

Ve

presented in Figure IV-15B show large differences betweendbiy ﬁ
and MW. DL releases the ball consistently and very near the
flbor, whereas MW is extremely erratic with his release
height.

Figure IV-16A presents the results of the stride length
measures. 3‘§in, large differences in the stride length for

DL and MW are evident. DL's stride length is somewhat long

£3r his height and Mé's is slightly short. .
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Finally, the distance that the lead foot of each subject
was behind the foul line is presented in Figure IV-16B. MW is
clearly deficient in this variable with his foot placement
over the'foul line in 8 of the 10 sessions. DL is moderately
variable with his foot placement within each session, but
remained within an acceptable bandwidth of performance on

this component.

Comparison Between DM and WC

As Figure IV-17A shows, DM, the fourth control subject,
and WC, his ph§sically awkward peer, are not different on \\
criterion pin accuracy in all sessions. An analysis of both .
curves indicates that very little change in performance was f\
evident in either‘subject‘s scores across the ten sessions.

Figure IV—17B presents the results of the variable

-
errors for both DM and WC over the ten sessions. Again, as

was expected from the criterion Ein contact data, the B
variable error obtained by DM over all trials in each session
is not different than that obtained by WC. o

Figure IV-17C shows that DM's response bias measured by
his constant error is 100% to the left of the criterion pin,
suggesting a deviation from the vertical whereas, WC's is 60%
to the left side of the target across the ten sessions.

Figure IV-18A presents the results of the criterion pin
contact for the film data. In contrast to the behavioural
data where there is no difference between the two subjects,
the filmed trials indicate that the physically awkward

\

\
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subject, WC, performed slightly better than DM.

The results of the variable error scores are p{gsen d
in Figure IV-18B on the film data and reflect the fiimed pin
contact with little or no Hifference between the two boys.

The results of the constant error analysis is presented
in Figure IV-18C. Again, there are no appreciable differences
between the two subjects.

The ball velocity scores plotted over €he ten sessions
for both DM and WC are presented in Figure IV-19A. No obvious
difference between the boys is evident in the first four
sessions. In the remaining six sessions, DM increased his
scores slightly, whereas WC decreased his scores. The mean
values, however; are within an acceptable bandwidth of
performance.

The upper limb velocity scores are shown in Figure IV-
19B. Similar differences are evident between the performdhces
of the two. boys as observed in the ball velocity scores. The

contribution of wrist flexion to ball velocity appeared to be

similar for both Hoys.

?he release angle scores which are presentedlin Figure
IV-zoA indicate similar results between DM and wé: Both
subjects have a large angle of release in the first session
with high variability, and then gradually decrease the angle
towards a more effec;ive angle across the remaining sessions.

The variability within each session is still fgirly high for

both subjects.



130

m/
!l
\
/
£

4;. DM* )
3».

oL WC 4
1t
0 L 4 b & . » - A yu i

11 B

10}

gt S
8-

a7 \_\//‘\L__J\‘

o ° -
E 5} \~L J. L
4r DM * \\Ir, \li |
~ //
3t
2F WC +
1+ -
; 0 1 g | ' - 1 'l 1
R 1 2.3 4 5 6 7 8 9 10
' \X Session

Figure 1IV-19. Comparisoh between DM and WC across the 10
sessions from the kinematic data. A. Ball velocity. B. Upper

/ limb velocity.



131

Sesslon \

Fiq‘l‘ IvV-20. Comparison between DM and WC across the 10
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Figure IV-20B presents thé results for the release
height'of the ball used by both boys. Again, both subjects
start with a relatively high release height and then
effectively lower their scores across t?e ten sessions. The
variability within each session is lowéi for DM.

The stride length scores for each of the boys is
presented in Figure IV-21A. Both boys are using appropriate
stride lengths and there is no appreciable difference between
the two boys.

The means for the distance behind the foul line aré
presented in Figure IV-21B. DM is fairly consistent within
and across the ten sessions, whereas WC progressively
increases the distance away from the foul line until Session
6 and then decreases his distance in the remaining four
sessions. Clearly, no apparent pattern igvevident for WC's
performance.

Summary

The results presented indicate vast performance
differences between the matched control and physically
awkward boys. Notable exceptions were found between the
physically awkward subjects who received instruction based on
the performanqe of their non-awkward peers. The regults for

these subjects are presented in Appendix A.
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Session

Figure IV-21. Comparison betweén DM and WC across_the 10
sessions from the kinematic data. A. Stride Len NB. Lead
foot distance behind the foul line. : ’
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Discussion
The primary pu;pose of this study was to evaluate the

effect of 1000 practice trials distributed over 10 sessions
on the ball rolling accuracy of four pairs of age-matched
physically awkward and normal boys. The data on each.sgpeect
were collected over a 20 day span. The hypothesis was thét a
cleag performance deficit exists in physically awkward boys
in comparison to their age-matched normal peers even after
large amounts of guided practice. A ;econd hypothesis implieg
that physically awkward subjecfghcbuid be taught a skill
based on the essential performance changes exhibited by their
peers. The culturally-normative skill of bowling was chosen
to reflect this performance‘deficit. Accuracy (céiterion pin
contact) in this bowling skill was selecteéd as the dependent
variable. Improvement in performance as well as stability and
consistency were measured from both behavioural and film
data. The film data allowed for detailed analysis of the
following key kinematic variabies: ball velocity, upper limb
velocity, release angle, release height, stride length, and

the distance the lead foot remained behind the foul line.

Behavioural Analysis s

Each pair of matched subjects performed a relatively
simple skill in a closed environment where th; pins were
stationary and remained 30 feet (9.14m) from the foul line
for egch trial. Each subject performed 100 trials/session in

10 blocks of 10 trials each. Performance was. self-paced so
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that the subject could‘cgg$rol the inter-trial interval
}v:&& i
duration. Within two~§edon&§‘after pin contact, verbal
\\ b
knowledge of results (i.e., pin contact) was presented to

each subject. Also, any contact with the criterion pin
sounded a buzzer (approximately 2s). Therefore, the subjects
received visual and auditory feedback the moment the ball

contacted the pin as well as verbal feedback within 2s after

pin contact relative to pin accuracy. ,

The inclusion of verbal knowledge of results (Newell &
Kennedy, 1978) in the present study was used to enhance the

learhing of the bowling skill. Currently, the literature
. v \\

- suggests that knowledge of results provides information to

the performer relative to the env;ronmentél goal (Adams,
» .

1971; Newell & Walter, 1981; S#moni, Schmidt, & Walter,

\ A :
1984; schmidt, 1975a). This information, generglly given in
verbal form, is then proéessed and a decision made byyéhe

\
performer regarding the nature of the modificatidﬁ§ required

. 3 (A
. . . A\
to alter the action plan on succeeding trials so that .

performance l;vel may be ultimately improved.'fherefore, the
informational content of the feedback derived from thé“
outcome of a response is vie&ed as an important determinant
of the success of the ensuing action (Newell & Walter, 1981).
The subj;ct in ﬁﬁe present study received adequate s
knowledge of res(lts and intrinsic feedback to process '
information and to make the necessary adjustments relative toﬁ-f

response outcome. The amount of intrinsic and extrinsic

- Is
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sensor{_feedback that the subjects receiyéd should have
provided optimal learning conditions for‘l provement in
bowling accuracy performance across the 10 sessions.
Unexpectedly, the performance gains did not materialize gor
all the subjects on criterion pin contact. This lack of
performance gain in the present study was also confirmed by
the behavioural data error scores.

The results of the criterion pin contact inxghe complete
behavioural data indicated that only two-subjects, JN, in the
control group, and MW, in the physically awkward group,
largely improved their performance over the 1000 practice
trials. The other six subjects, both ;wkw;;d and normal, did
not appreciably improve their perférmance as wou;d be
expected with a large number of practice trials, especially
in the normal boys.

The imprermentgof the environmental goal is usually
associated with increaéed amounts of practice (Higgins &
Spae 1972; Newell & Kénnedy, 1978). Not mentionedvin ﬁhe
rese:::;~TTherature is the schedule and the amount of
pra;tice that the child should adopt in learning a novel ~
skill (Newell, 1977). A few studies have reported
environmental goal improvement with minimal practice (less
than 200 trials) (Hicks, 1930; Higgins & Spaeth, 1972;
Hoffman, 1974). The low numbér of practice trials to achieve
environmental gpal improvement reported in these studies is

in contrast to the results in the p;esént study. A possible

N
o
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explaqation for the lack of environmental goal improvement
for six of the eigh* subjects on this Pesponse-loaded skill
centres ongthe amo-int of‘practice in oné session.

The subjects in the current study practiced 10 blocks of
10 trials each totalling 100 trials/session over a ten
Yession period lasting 20 days. The time to complete 100
trials was generally less than 30 minutes. A question arises
as tq the proper amount of practice per session in a
labogatory setting where such factors as boredom, fatigue,
motivation, age and developmental skill level, last session
effects, and simply too much practice in one session could
affect the performance of these young children. Every attempt
Qas made to eliminate the,extraneous factors and to keep the
task interesting by encouraging the subjects to do their best
and to imp:ove upon their previous score from the block of 10
trials. The subjects were gquestioned throughout each session
if they were getting bored or fatigued with the practice and
their answers usually indicated that they were neither bored
nor tiréd. In fact, a post hoc analysis of variance on
variable error scores indi¢ated no significanf differences
between first and second half scores. Also, it appeared that
in over haif of the sessions, the variable error was lower in
the second half of trials. The studies mentioned above were »
conducted with pracﬁice trials in the range from 10 to

40/session. Perhaps the amount of practice in the present

study was too much to obtain any improvements in the

N
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environmental goal. Clearly, more research needs to be
conducted on the number of practice trials/session and total
practice while controlling some of the intervening factors
alluded to above.

There is one other noteworthy comparison to be made on
the criterion pin contacts from the behavioural data and that
concerns performance differences within each matched pair.
Three of the four pairs showed large differences (greater
than 130 pins) 1n total pin contact across the ten sessions
with the normal boys attaining the higher score. The
behavioural error scores reflect this difference with the
normal boys exhib%}ing less error across all 10 sessions than
their physitally awkward peers. The fourth pair of metched
subjects exhibited mini&al differences on both criterion pin
contacts (12 pin difference) and error scores e/;n the normal
boy performlng slightly better This lack of performance
difference between these two subjects can not be fully
explained. Both of these subjects were.identified from a
screening conducted in the schools (wWall, 1986a) and one or
both boys could have been wrongly diagnosed. The analg}is of
the kinematic data in the next section should heip/to clarify
the oeeurrence of the minimal differences between the fourth
pair of matched subjects. -—

Kinematic Film Analvysis

Evidence for the development of kinematic consistency

over trials has been demmionstrated in a number of sport skills
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studies (e.g., Franks, Weicker, & Robertson, 1985; Higgins &
Spaeth, 1972; Hoffman, 1974; Tyldesley & Whiting, 1975).
Kinematic consistency in the present study was observed in
the analysis of the kinemati- variables. The results of the
kinematic data, in Which every tenth trial was filmed,
generating a total of 100 film trials, sugSksted a high
Eegree of consisgent performance within and across sessions
for the normal boys compared to their physically awkward
peers in all six of the kinematic variables examined. The
normal boys' bowling performance, as measured by the
kinematic variables, was generally stable and consistent
across the 10 sessions; Their witﬁin-session variability was
low and generally declined across the 10 sessions suggesting
improved performance. Thus, kinematic consistency across the.
10 sessions was demonstrated by the normal boys on all
kinematic variables. In contrast, the performance of their
matched physically awkward peers was erratic and extremely
variable across and within each session for most of‘the
kinematic variables. The only exceptions were the two
physically awkward subjects (TJ and MW) who were taught on
specific components throughout the experiment. This lack of
variability on some of the kinematic variables for the |
teaching control physically awkward subjects suggests that
physically awkward subjects can reduce variability and become
consistent in some aspects when instructed and physically

manipulated into the proper position. Hence, practice without
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guidance in a structured environment for the physically
awkward may not be adequate. The physically awkward subjects
who were not taught exhibited much more variability in their
performance.

The analysis of the pin contacts and the error analysis
from the film, however, did not differentiate within three of '
the four matched pairs. The only clear difference existed
between the matched subjects, IJN and TJ. This lack of
differentiation could be a result of a number of factors
which could not be gontrolled. The addition of cinematography
on every tenth trial, with increased waiting time and the
high speed camera and bright lights, may have had a
differential influence on the subjects' performance.

Thus, the examination of the results of the kinematic
variables suggests some learning and skill improvement ﬁad
been acquired by the normal boys compared to their physically
awkward peers after 1000 practice throws, even though there
was no appreciable improvement in the environmental goal. The
kinematic consistency exhibited by the normal boys agrees
with the definition of skilled motor performance proposed by
Glencross (1980).

Knowledge-Based Approach to Skill Acquisition

The following discussion examines the contribution of
the knowledge-bésed theory of skill acquisition and learning

proposéd by Wall et al. (1985). The results of the present
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study are discussed relative to certain knowledge bases that

are inherent in the individual.
AN

Learning and development in the motor domain depend on
the demands of the task at ‘hand, the developmental level of
the learner, the type of instruction, and the nature of the

’

environméht in which the learning is to take place. For
school-aged children to'enjoy participating in play and sport
environments, they must develop reasonable accuracy agd
consistency in their physical skills. It is essentiai that
children 1earn the basic response-loaded skills of a given
sport befbre they are forced to use higher level strategies
in competitive situations. The development of such
automatized procedural knowledge depends on guided practice
which facilitates the development of skillful performance
(Wall, 1986b).

The kinematic results og this study suggest, that with
guided practice, the nO{Tal boys learned ghe'basic response-
loaded skill of bowling for accuracy with ever increasing
consistency, whereas the physically awkward boys had not yet
established ény consisfent patterns. This consistency by the
normal boys is evidenced by the decline in kinematic

'lariability as the sessioné and, subsequently, learning,
progressed. The physicaliy awkward subjects, on the other
»hand, did not exhibit kinematic consistency and performed

considerably lower than their normal peers in reference to

the environmental goal.

4
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Siegler (1983) emphasizes the influence existing .
knowledge has on the learning process. He notes that as
children acquire more knowledge they begin tg use more
specific strategies in accessing and integrating knowledge.
Acquired knowledge refers to the knowledge that\&s gained
through experience wﬁich increases with development.
Deglarative knowledge is one type of acquired knowlédge.
Declarative knowledge about action refers ta factual
informétion stored in memory that can influence the
development and execution of skilled action. As children grow
older and acquire knowledge through practice, ‘they begin to
understand the morphological, bioméchanical, and -
/environmental constraints under which they are 2Ferating.

In order to examine the declarative knowledge base of
the matched subjects in the present study, certain key
gquestions were asked reléting to knowledge of self,
biomechanical, and environmental constraints. The questions
and answers appear in Appendix B. The answers suggested that
thé normal boys had a richer declarative/base ;elating tg
bowling c?mpared to their physically awkward pgcers. The main
answer from the physically awkwqrd boys was, 'I don't know'.
The number of questionsfthat were presented ho each subject
were few (eight) in nuﬁber. It was decided, wever, that
even though the number of queSETghs was iéw, they should
still represent a sample of the subject's declarafi§e

knowledge base. Eight é@estion‘s are clearly too few upon

o
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which to make broad generalizations, but results do suggest
that physically awkward children have less declarative
knowledge in ac;ion situations. It appears, therefogxe, that
the normal boys were better prepared/to practice and their
kinematic consistency confirms this. |
Another aspect of skill acquisition refers to.the degree
of attentional control required to execute an action. A
fundamental observation in the skill acquisition process is
that deliberate attentional control is required at certain
times. Gentile (1972) postulated that motor skills are
usually acquired in three distinct phases: cognitive,
associative, and autonqméus (Fitts, 1964). The cognitive
phase requires the involvement of considerable cognitive
resources, whereas the associative and autonomous phases are
automatically\gontrol;ed. Such conscious control is
relatively cogﬁly in’terms of the speed aﬁd consistency of a
given pérformaﬁce (Norman & Shallice, 1986), fd;thermore, by
definition, novices are usually operaping in just such a
' costly control mode. The results of éhe present study suggest
that the normal boys, evidenced by their consistent kineﬁatic
performance within and across sessions, were utilizing
automatic phases of control. Their matched awkward peers, on
the other hanq, were perhaps-stéll operating in the conscious

control mode and thus had not established an automatic phase

of execution.
%
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Cxearly, the physically awkward boys are lacking in the
declarative and procedural knowledge domains compared to |
their matched normal peers. The interaction of these two
knowledge domains is essential for the successful completion
of any actjon sequence; in this case, a bowling skill. There
is also a complex interaction among other knowledge bases.

The knowledge-based approach views motor development
from a broad perspective that emphasizes the importance of a
child's procedural, declarati;e, affective, and metacognitive
knowledge about action. It also stresses the heterogeneity of
development and the importance of domain-specific knowledge.
The performance differences that existed between the matched
normal and physically awkward boys can be likened to the
differences between experts and novices and their respective
domain—specific knowledge (Allard, Graham, & Paarsalu, 1980;
Chi, 1978; Jones & Miles, 1978). In all of these studies, the
experts were able to use their domain-specific knowledge to
generate more effective problemvsglving strategies than their
less-informed peers. This effective use of domain-specific
knowledge supports the relationship among procedural and
declarative knowledge and metacogﬁitive skills; it also
suggests that such metacognitive skills as planning,
monitoring, and evaluating are dir?ctly influence§fby the
ddmain-;pecific knowledge of the person. Clearly; the normal
boys in Fhe present study were more effective in uginq

dohaiq-specific knowledge to effectively improve/;heir
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kinematic performance than were their mate¢hed physically
awkward/peers.

Tﬁe knowledge-based approach to skill acquisition also
recognizes the relative stability of development and the role
of domain-specific knowledge in development (Macnab, 1979).
when the developmental level of the child in the motor 5zmain
is considered, véry broad differences in knowledge and skill
are obéerved due to the past experienceés of the child. Large
differences in the procedural knd@ledge base were observed
between the normal subjects and their matched physically
a@kward peers in the present studx. Some indication towards a
deficiency in declarative knowledge by the physically awkward
was also suggested. The future needs of the physically
awkward child in the motor domain need to be addressed. The ,
physically awkward child can not be effectiéely instructed at
the same level or schedule of practice as the nofmal child.
The démands of tbe task vary with skill and developmental
level of the le;rner and thus careful consideration is
required for the child to learn and perform a given task.

Thus, it appears that refinement of certain kinematic
parameters relating to the accuracy component in ball
rolling, occurs with practice in anmal boys. One thousand
practice throws generéyéd an eve:,increasing.trend in
kinematic consistency/of the movement sequence. The

attainment of the environmental goal, however, did not

increase in three of the four normal boys. One thousand

K}
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thrqys for three of the four physically awkward boys was not
enough practice to develop performance improvements or
kinematic consistency. The fourth subject who improved the
environmental goal was still far inferior to both his
~physically awkwara and normal peers. This finding suggests
that more praétice is needed, especially in young children,
to show improvement in the environmental ‘goal.

The amount and schedule of practice could also be
modified to reflect improvement in the environmental goal.
‘The trials could have been reduced to 50 throws/session while
keeping th? total number of practice throws (1000) in the
experimenf the same. The number of throws in a non-laboratory
siéuation ({e.g., a bowling alley), wgere the individual is
intrinsically motivated to continue practicing, could be
higher and this should be examined.

Also, a number of different factors should be considered
in the future to observe skill changes in a ball rolling
skill or any elementary response—loadgd skill in children.
These factors inglude: larger sample éize; varying ages of
participants; different environments; motivational levels;
boredom; knowledge of results and knowledge of performance;
number of trials in one pracéice session; and total amount.of
practice. The examination of these’'factors is a tfemehdous
task which would take resources from a variety of soﬁrces to
be successful. In this way, a progréssion of kinematic T

cohsistency and the environmental goal can be obtained.

4’/
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V. General Discussion

There are large individual differences in development
due to age, sex, intelligence, and socio-cultural origins
that mustjbe recognized in the skill acgquisitiqn process
(Wall, 1986). In spite of individual differences, however,
physically awkward children by definition, are unable to
execute culturally-normative motor skills with acceptable
proficiency and are clearly behind their peers in motor
development. The first experiment examined the effects of
parent supervised pfactice on the development of skill in the
stationary hockey slap shot in physically awkward boys
compared to normal peers. The second experiment on bowling
examined the kinematic consistency of four pairs of matched
normal and physically awkward boys while performing a ball
rolling task for accuracy. The basic purpose of both studig?
was the examination of the pattern/ﬁf skill acquisition with
increased practice of closed skills. The closed skills in
both studies were used to observe skill acquisitioh changes
in controlled environments and to increase the {ikelihood of
kihematic consistencg with increased amounts of practice
(Gentile, 1972; Glencross, 1980; Wall, McClements, Bouffard,
AFindlay, & Taylor( 1985);

Practice Effects

The number of practice trials neé&éded to achieve

consistency of performance and increased success especially

N

in children, has not been clearly identified in the

.»’
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literature. Many factors may contribute to kinematic
consistency and they include: the type of skill performed,
the schedule ot practice, knowledge of results, knowledge of
performance, and the amount of time practicing. In many
studies of skill acquisition, the number of practice trials
has generally been very low (200 trials or less), yet some
authors reported consistency of movement even with the
limited r.umber of practice trials (Hicks, 930; Higgins &
Spaeth, 1972; Hofffnan, 1974).
P

wall (1982) corfends that from the earliest motor
development period, physically awkward children demonstrate a
lack of skill in cognitive-mot asks. As they grow older,
this lack of skill when practicing becomes a ‘'vicious cycle
producing consideralle information overload which results 1in
feelings of failure, frustration, and helplessness. As a
result of their lack of skill proficiency, physically awkward
children often choose not to participate and hence they
preVent themselves from practicing resulting in a serious
practice deficit. Without practice, these children can not
develop movement consistency.

The total amount of practic‘ was a crucial component of
these experiments. Total practice for the physi awkwayrd
-children in the hockey experiment was 1200 triajjijjék,a/ZEX
week period. This practice total was arbitrary,. taking into.
account motivation, boredom, amd other such factors that

prevent physically awkward children from practig‘nﬁ. The
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practice %fs conducted at home under the guidance of their
parégg;tiéo received specific instructions regarding
performance\from the investigator. After the six wgek
practice session and 1200 trials, little consistency of
performance was evident with respect to puck and stick
velocity. Clearly, 1200 practice trials did not appregiably
heip these physically ;wkward subjects perform appropriately
or cgnsistently. The matched normal boys who did not have the
benqafit of 1200 practice trials performed relatively
consistently 1n rhe three filmed trials. The results of the
matched normal and physically awkward béys in the hockey
study lends support to wWall's et al. (1985) contention that
physically awkward‘children are c¢clearly behind their peers in
procedural knowledge.

The bowling study also examined the effects of practice
on movement consistency. The major‘difference between the
hqckey‘and bowling studies centres on the practice
environment. anﬁ/;atched subject practiced in a 1lab

———— N

situation so that intervening effects could be eliminated or

#

controlled and practice énsured. The practice schedule was
similar for both groups of normal and physically awkward boys
h 100 trialé/session, 10 sessions in 20 days, for a total
of 1000 practice attempts. 9 comparison of thefg%tals for the
éhvironmental goal indicated that all of the normal subjects
scored higher, than their physical awkward counterparts, the

-

differences ranging from 12 to 144 criterion pin contacts.
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Three of the four normal subjects contacted the criterion pin
over 130 times more than their physically awkward matches.
Clearly, the physically awkward children are behind their
peers in procedural knowledge. With equal amounts of practice
physically awkward children exhibit lower scores with respect
to the environment;l goal.

There are many inherent factors which are assumed to
exert direct influence over the potential structure of
movement. These factors include: biomechanical,
morphological, and environmental, and have been explained in
detail elsewhere (c.f., Arend, 1980; Higgins, 1977; Newell,
1984); wWall et al. (1985) mentioned that physically awkward
children are behind their peefs in the declarative knowledge
domain. This deficiency in declarative knowledge could affect
performance, as measured by the environmental goal, if the
physically awkward children did not have an understanding of
the effects 5} the factors mentione¢ above. In fact, the
questions that were presented to the physically awkward
subjects revealed little or no understanding of the
environmental, morphological, and giomechanical factors that
influence movement. Their matched normal peers, however;
answered the questions correctly or appropriately in the

"
first or second session (s€e Appendix B). The numbér of
quesﬁions relating to performance in the bowling skill was an

initial step towards developing a more detailed questionnaire

¢
on the knowledge of children in motor skill situations.
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Further research is required on the declarative domain of all
children when performing, especially the physically awkward.
Also required is research on the benefits and the amount of
extra practice necessary for these chi{dren to attain an
acceptable level of performance. As Wall (1986) stated, there
is asneed to develop accurate measurements to assess the
developmental level of.the learner and the different types of
knowledge about Action that are required for the learning of
a given task. In this way physically awkward children would
benefit with increased amounts of practice, given the
developmental level of the learner.

Consistency of Movement

A fundamental characteristic of motor development is the
acquisition of motor skills that allow a person to
efficiently meet the increasing task demands of the
environmént. Glencross (1980) has identified four major
characteristics of skilled motor performance: motor = ¢
constancy, thé uniqueness of actién, the stability and.
consistency of action, and thé modifiability of action. The
most obvious feature of the skilled performer is the
consistency and stability of performance (Glencrog§s, 1980).
This characteristic was examined with respect to Jthe angular
velocity curves in the hockey study and the stardard

—

deviation‘;aiues of the kinematic variables in the bowling

experiment.
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The angular velocity patterns of the normal boys in the
hockey experiment indicated relatively consistent patterns
over their three filme;( trials. Erratic patterns of movemer;t,
even after 1200 practice trials, ‘were evident for their
matched physically awkward counterparts. Examination of the
standard deviation values of the kinematic variables for both
the:matched normal and physically akaard subjects in the
bowling experiment revealed interesting differepces. The
standard deviation values for the normal boys were low in
value,‘gightly banded together, and generally followed a
decreasing trend across the ten ses;ions. The results from
the normal boys in the two studies were supportive of the
conclusions drawn from earlier studies (Higgins & Spaeth,
1972; Tyldesley & Whiting, 1975) that skilled performance is
normally characterized by a highly gonsistent and
reproducible pattern of movements. This low and decreasing
trend in standard deviation scores characterizes the
kinematic consistency and higher performance scores elicited
by the normal boys in the bowling experiment. In contrast,
the standard deviation values for the physically awkwara boys
were characterized by higher and somewhat erratic values .
acrgés the pen sessions. Thq;physicalLy awkward boys had not
yet attéined kinematic consistency and their performance
scores reflected this. Thus, further support ig prgyided for
the'ﬁhowledgeibased approach to skill acquisition in the

S
-procedural knowledge domain.
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The physically awkward boys in these studies are behind
their peers when measured on environmental goal performance
and kinematic consistency. These findings agree with Wall
(1982, 1986) with respect to performance. However, Wall's
(1982, 1986) suggestions can be expanded by incorporating
remedial programs based on the individuals! developmental
level, interests, domain-specific knowledge, and appropriate
practice schedules. This type of progrgm'will have to be
developed for physically awkward childréh so that they may
acquire the necessary skills to perform in the 'real’ world.
Perhap; developing a teaching protocol based on essential/
performance changes ¢bserved in normal children would be
beneficial for the physically awkward child. In this way the
physically awkward child could perhaps progress at a similar
rate to a matched normal peer. A teaching protocol, based on
the above premise, was designed for two of the foﬁr
physically awkward subjects and is discussed next.

Teaching Protocol

Two of the normal boys in the bowling experiment were

chosen randpmly as teaching controls for their matched

awkward peers. Perfopmance !ﬂ!nées with respect to selected
kinematic va{}abl s as, learning progressed were identified
both qualitatively\and quantitatively. These performance
changes in the norm boys were used to qQVise a teaching
protocol for their matched aykward peers. It was hypothesized

that perhaps the physically awkward boys could be taught in a
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manner which effectively reflected the performance changes
observed in their matched normal peers. Certain key kinematic
variables were held constant throughout the sessions to
reduce or eliminate extraneous moveTents and to ensure a
higherldegree of success. The remaiﬁihg kinematic variables
were selected to be instructed along similar performance
guidelines exhibited by the normal subjects. Unfortunately.
the performance characteristics exhibiéed by the normal ¢
subjects could not be matched by their awkward peers. A few
explanations for the performance differences between the
mafched pairs of normal and physically awkward are offered.

The characteristics of skilled action proposed by
Glencross .(1980) could possibly explain why these performance
changes in normal boys could not be matched‘by the physically
awkward bé§s. In other words, the dgeneration of skill
acquisition patterns is individual and the patterns and the
rate of acquisitien used by one person can not be easily
taught to other individuals. .

Another possible explanation as to why these performance
changes could not be matched is that observed by Siegler
(1983). He emphasized the influence existing knowledge has on
the learning precess. Siegler notes that as children acquire
more %ybwledge they begin to use more specific strategies in
accessing and integrating knowledge. Thus, as children
increase their domain-specific knowledge, if learning and

instructional strategies are to be effectlve they should be
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d&rectly related to the.knowledge bases of individual
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children. Therefore, a rich knowledge base in a given sport
might enhance the learning of specific skills simply because
such knowledge might provide a better context for learning
and problem solving. o N

This last statement supports the contention of Arend
(1980) and  Newell (1984) who proposed that skilled action is
limited by three major constraints: biomechanical,
‘morphological, and envirconmental factors. This movement-
relevant knowledge about the self, others, and physical
objects within the environment is a major product of
cognitive-motor development (Wall et al.,‘1985). If the
physically awkward childﬂcould'improve the declarétive
knowledge base in alparticular skill, this improvement in
declarative knowledge might enhance thge procedural knowledge
the individual is tryipé‘to acguire. As Siegler (1983) points//
out, the instructor must adjust questions, priorizea}earﬂing
obYjectives, and correct errors in relation to the K;owledge‘)
level of the performer. Thus the improvement of the
declarative knowiedge base ‘can direqtly affett the procedural
knowledge base and enhandé learnipé.

Finally, Wall (1986) suggests that in the developmental
skill acquisition process, four factors interaét to eitherv
facilitate or hinder learning. Successful skill acquisition

depends on,the degree of congruency between the person, task,

environment, and instructional strategy. In order to

-
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successfully instruct physically awkward children, alf four
factors have to be carefully selected.

The bowling experiment was designed to control, as much
as possible, the extraneous effécts related to the task and
the environment. The basic reéponse-loaded task of bowling in
a structured environment was chosen to éxamine performance
differences in matched normal and physically awkward boys.

The skill acquisition process requires careful
cqnéidérati&e‘qf the task-to-be-learned. The demands of the
task will vary with the skill and developmental level of the ,
learner. Thus, a careful eﬁamination of task demands must be
made in relation to the learner's knowledge base. Wall and
his colleagues (wWall, 1982, 1986; Wall & Taylor,ff§83; wall
et al.,‘1985) as well as the two studies preseéted in this
thesis demonstrate performance difficulties of the physically
awkward learner compared to their age-matched normal peers.

In order to minimize their movement difficulties, -
‘,/bhysically awkwara children should’be encouraged to learn the

: y
basic requirements for respé%se—loaded skills in a structured
environment that emphasizes the gfganization and timing of
their own movements. In cooperation with these skills, the
<inS£ructor should emphasize some of the constraints to
movement that interact with the learner's performance and
thus increase problem-solving.skills and declarative

knowledge. This type of instruction would enable motor skill

development to occur at a rate appropriate for the learner.

s
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APPENDIX A

Qualitative Analysis and Teaching Plan

e fOor the Matched Normal and Awkward Subjects

The qualitative analysis of perform%nce was conducted on
Subject 1 (JN) and Subject 3 (DL) for purposes of devising a
teach;ng plan for the two awkward control subjects (chosen
randoﬁly) in the bowling experiment. The qualitative analysis
focused on the kinematic variables outlined in the method
section of the bowling study, as well as the initial sté?ting
position for each subject. In other words, the qualitative
analysis permitted observation of the pattern of leaggfng of
the two normal boyi, with respect to the kinematic variablés,

2

and then based on this information, a teachihg protocol was
devised for the awkward control subjects. There were four
areas of concern in the analysis: starting position; top of

backswing; release; and follow through.

Subject 1 (JN) )

The initial position for JN remained relativel@ﬂ% ®
unchanged throughout the ten sessions. The ball was held at
waist level with the lower limbs slightly flexed and the
trunk moderately"iexed. The.baLI position prior to movement
changed slightly throughout the 10 sessions. JN éxtended his
elbow more as the sessions ptogressed and thié action -
resultgd in the ball position starting closer to the floor.

The height of &he béckswing varied throughout the tep

sessions. As the sessions progressed‘thé heighﬁ of the

162
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backswing decreased because the initial position of the ball
@as closer to the floor.

Step length was fairly consistent throughout the ten
sessions; in Sessions 2 and 10, however, he did increase the
length of his step. The distance the lead foot remained
behind the foul line became consistent after the first
session. In the first session, so as not to step 6ver the
foul lige, the subject remained a fair distance behind the
line. In subsequent sessions, he moved closer to the foul
line and remained consistent thereafter.

The ball velodity at release varied throughout the ten
sessions. If the step length was increased, the resulting

{

ball velocity was also increased. With the emphasis of body

movement in the delivery, the upper limb1Velocity was also
affected. Ig every trial, the upper limb velocity at release
was lower ghan the ball velocity; It would appear that JN
flexed his wrist atrrelease-thus imparting more velocity to
the ball and increasing the follow through‘distance. JN héd a
.vef& high follow through (above he;;) after releasé.

The ball was generally released near the floor and
approxiQPtely aﬁ the same angle throughout the sessions. As

the.ses&ionsxprcgreséed however, the ball release height
f:‘ e *. - ‘

decre&géd towards the floor as the elbow was allowed to
extend. The point of release was generally near vertical

(shoulder and ball in a.vértical line position) throughout

(4



R 164
the ten sessions suggesting that JN did not release the ball
prematurely or late.

To summgrize the changes ig skill development as
learning progressed, JN progressed towards a lower initial
ball position resulting in a lower backswing. The ball
release angle and ball velocity remained relatively
consistent with li;tlé or no variability during the session.
The ball release height progressed closer to the floor during
the first four sessions due to increased knee flexgpn and

then remained consistent for the remainder of the sessions.

The follow through of the throwing limb progressed to a

"
1w

somewhat high position due to the upperigimb velocity at
‘release. | |

These kinematic changes as learning progressed do not
refldct an ideal or mechanically correct performance, nor
were they meant to be. These changes reé&ect the performance
of an individual learning a new skill and/the kinematic and
quaiitative patterns incorporated in this 1€&rning. These
performance changeségere used to‘devise a teaching plan for
JN's matcheg awkward subject (rJ).’The teaching pléﬁ is
outlined in a éubseggent sectiSn.

Subject 3 (DL)

‘DL's.initial position remained fairly constant across
the ten sessions. The ball was held at chest level and the

lower limbs and trunk were slightly flexed. As the sessions
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progressed, the initial ball position dfd increase somewhat
(held the ball higher) with increased elbow’ﬁiéxion.

Thé height of the backswing generally [ncreased as the
sessions progressed to a position just above horizontal. With

a higher initial ball position, it generally follows that the'

backswing height would increase.

- . The ball release point was usually past vertical which

suggests he held on to the ball too long and guided the ball

- v i
toward- the pins rather that allowing gravity to assist his

é

delivery. The elbow at release in the first session was

<*
extended, but as the sessions progressed the elbow flexion

increased, which was not meiranically desirable.

]
The ball veYocity at release remained very consistent

over the ten sessions, with a slightly highervb;ll velocity

occurring in Session 2. It appeared thgt‘DL was controlling

. \ ) .
the speed and point of release rathér than allowing gravity

to assist, with the resulting follow thfough not being very
. - N :
shigh. - ’ . ) T
In the first session DL was closer:to the foul line than

in the remaining nine sessions. The distance behind the line

.

. T .
increased as the sessions progressed. The step length was

somewhat inconsistent throughout the ten sessions‘sdbgegtiﬂg

DL had not yet Ehosen'ah optimal step length for success.
“‘The upper 1limb véloéi;y at release was lowér than ball

velogity in every trial with wrist flexion occurring to

.’ ’
v . . .

v
- .

- - ' ~
.
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increase the velocity of the ball. He was similar to JN in

)

this respect. }

To arize the changes in skill developmept as
learning pfogressed, DL exhibited a higher Qacﬂgwing due Fo
an 1ncrease in the height for the initial ball position. The
angle and velocity of the ball at release were very
consistent as the sessions progresggd with littIé or no
change within each session. The release height of the ball
increased slightly over the last four sessions due to an
increase in elbow flexion and a release pﬁint well past the
vertical. The distance of the lead foot behind the foul line
" increase probabl& due to a variable steplength within
sessionsl The upper limb velocity was fairly consistent with
a slight increase across the ten sessions and a low follow
through. P

. Learning the modified bowling skill produced different
and varying methods to achieve success by the two @
individuals. Based on.this performance information, a
teaching protocol was devised to instruct the matched
physically awkw;rd subjects.

Teaching Plan for the Physically Awkward Subijects

\ At the b nnihg of each session and at 25 throw

-

intervals the instructor reinforced the proper procedures by

_demonstrating, verbally explaining, and physically

x*

manipulating the subject through the proper sequence. This

intarjeéction every 25 throws was continued for both subjects
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for the duration of the experiment. The intersessional
interval was approximately 2 days.

Teaching Plan: Subject 1 (TJ)

The matched subject for TJ was JN. The major emphasis of
the teaching plan was to manipulate certain kinematic
variables that were exhibited by JN in his skill acquisition
phase and apply these changes to TJ. Certain kinematic
variables were held constant so as to eliminate extraneous
movements for a higher degree of success. The variables held
constant included: initial body position; step length; and
the lead foot distance behind the foul line. These three
variables were chosen because JN's performance was relatively
consistent acrkoss the ten sessions.,The variables that were
manipulated along similar time frames as JN included: height
of backswing;.ball‘height, angle, point, and velocity at
release. The teaching plan which follows includes the
procedures followed for each session. When the s changed ‘
to a different-variéble, the iﬁvestiéator decided that the
subject had qualitatively progressed on the previous teaching
point and it was time to emphasize a new variable.

Sessidh l: Initial body position with the ball in the
dominant hand supportedfby the non-throwing hand was stressed
in the first seséion.\EJ‘was also instructed on the height
the ball should reach at the top éf the backswing and the

point of ball release. The subject was also instructed to

look and aim at the criterion pin.
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Session 2: The procedures were similar to those of Session 1.
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Session 3: The emphasis was again on a initial starting
position in this session and the remainder of the sessions.
The important teaching point in this session focused on the
height of the backswing. The decision to accomplish a higher
backswing was to encourage a higher release velocity. The
release point was still emphasized.
Session 4: The major emphasis sh%fted to the point of release
with all previously taught variables remaining constant.
Session 5: The starting ball position and subsequent drop og‘
the ball from the set position was emphasized because TJ was
carrying the ball back toward the backswing height. TJ was
instructed to allow the ball to drop towards the top of the
s

backswing with the elbow extended and with no deviation from
a straight line path backward and forward.
Session 6: fﬁe teaching point shifted to the point of release
with emphasis on releasing the ball just past the lead foot
while flattening the arc. . -
Session 7: similar to Session 6.

AN
Session 8: The focus shifted to releasing the ball with
greater force while keeping the previ Y ta?qg;,variables
constant.— . .
Session 9: The emphasis reﬁaingd on the point of release

while extending the elbow fglly at release.

Session 10: Refinement of all the factors learned previously

-~

»”

/,/ ' . '
q .- 3
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was emphasized in this session with the key being the release

velocity. ’

Teaching Plan for Subject 3 (MW)

The matched subject for MW was DL. At the outset of
Session 1, MW exhibited great difficulty in accomplishing the
reéhired task. As a result of this difficulty, the pre-
planned lessons changedAdramatically.

Session 1: The }lnitial instructions to MW were similar to
those imparted TJ: initial body and ball position, height
of backswing, and release point were stressed. MW was also
given specific instructions to aim at a point on the floor
six feet. (1.83m) from the foul line.

Session 2: Similar to Session 1. -

Session 3: MW was having difficulty with the seauencing of
body parts and it was decided to change the initial body and
bali/séart position and eliminate the step prior to ball
release in order to achieve greater success. The major
emphasis was on a straight arm swing path to release. The

-

. . .\ ) , .
subject was again instructed to aim at a point on the floor
X .
six feet (1.83m) distant from the foul line.

§ession 4: Similar to Session 3. MW was &ncouraged to
- " " ‘
decrease the total movement time hecause he hesitated a great

[

deal in ordey 'to determine if he was in the proper position.
Sedgion 5: Similar to the previous two sessions.
Session 6: ‘The starting position was altered again to a

pos"ion where the ball was hgld vertically downward

(
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'slightly flexed and an overall relaxed body position. TJ was

170
(directly beneath the shoulder) with M; having placed his
lead foot near the foul line with the trunk flexed. The major
emphasis was on a straight path for ball movement to the

height of backswing and then forward to release. The point of
\.‘.‘\

release was also stressed.

Session 7: The major emphasis was on the release point with a

flattened arc at a point just above and slightly past the

lead foot.

Session 8: The major emphasis was on continuous movement of

the upper limb (e.g., no stopping at the height of the |

backswing) with the point of release being the same as*indthe"

previous session. . . p

Session 9: Similar to Sess}on 8. | .
- ¢

Session 10: Similar to previous two sessions. The emphasis

was on refinement of all the variables taught previously. MW

was unable to begin the movement from the initial starting

position described in the first two sessions.

Qualitative Analysis for TJ and MW . ’
The qualitative analysis of performance was conducted on

two control subjects: Subject 1 (TJ) and Subjegt 3 (MW).

Subject 2 (TJ) '
The initial body and ball poéition for TJ remained
relafively unchanged thrgughout‘the ten sessions. The'ball‘;

was held with a flexed elbow at chest level with the trunk : (i

. 'instructed on the proper starting position and this position

-
-



the remainder of the sessions.
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was reinforced at the start of each session. He maintained
this initial position throughout the 1000 throws with very
little variation.

The height of the backswing increased as the sessions
progressed. In the early sessions TJ carried the ball

backwards to the height of. backswing rather than allowing the

"ball to drop and swing freely as he was instructed. The

height of the backs&ing in the early session did not progress
éast hip height. During the later sessions, however, he
accomplished thé:proper ball movement and allowed the
momentum generated in the starting phase to carry the ball to
the height of thé backswing. This height of the backswing was
almost parallel with the floor.

Step length generally increased across the ten sessions
with little or no variability within each session. TJ did,
however, lift his stepping foot rather high off the floor in
the early sessions. During the later sessions he improved the
step phase with a* lower foot height clearance off éhe floor.
He was not instfucted on how to step; rather, he observed the ‘
perfq;mance of the instructor and adjusted-accordingly.‘The
distance the lead.foot remained behind the foul line was
fairly consistent with a slight mermentAtoﬁard the‘foﬁl line
as ;he sessions progressea; He was instructed on placing his
foét,behind the foul linpe at ﬁhe beginning of the first

session and achieved éhisccchition satisfactorily throughout
4

s
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The ball velocity at release increased slightly across'
the ten sessions with somewhat variable within session
v values. TJ was instructed to gradually increase the ball
velocity as the sessions progressed by developing a higher
backswing and imparting more force to the ball at release. It
appeared, however, that TJ was réluctant to extend”his elbow
fully at release and guided the ball off ﬁis fihgerfips
rather than exerting muscular force to throw it. Th? folloy
through of the throwing limb was generally very‘low. The
upper limb velocity at release parhlleled, but was lower than
the ball velocity in all sessions. Again, TJ was guiding the ~
ball at release even after verbal instruction not to do so
during the sessions, and there was little horjzontal body /
movemenk during the stepping phase, but he did include a high
degree of ;ertical movement. s |
" The ball was released at approximately the same angle
and height abovg the floor in each s;gsion..TJ was instructed
on these variables. Occasionally TJ held onto the ball too '
long pridr ﬁo‘release, thus guiding the ball down the ‘lane.
At these timesgy the resultant ball velocitf varied. Thé.point

1

of release was usually past vertical with the elbow slightly -

’

s flexed. < .

| Subject 3 (MW)

« The starting body and ball position for MW was altered

»

by'the instructor throughout the ten session experiment.

“———Again, MW was instructed on the starting position in the sameﬁx'-

R .
’.
’.
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matter as TJ.¥During the first two sessions the ball was held
at chest level with the 'ball throwing séquence starting from
that point. The subjecé experiencéd difficulty in
coordinating the body parts in the proper seqdénce, and as a
result, Sessions 3, 4, and 5 started with an altered body and
ball‘positiqn. The investigator decided to eliminate some of
the movement sequence prior to ball release in order .to
simplify the action sequenceé-and to increase success. .
Therefore, the subject sparted the sequence with the ball at
the height of ﬁpe backswing, the lead foof near the foul
line, and the trunk flexed over the lead thigh. The starting
position changed again in Session .6 because MW exhibited
increased success (qualitatively and criterion pin). MW moved
to a position where the ball was held vertically downward
near the lead foot and the rest of the body remained as in J
Sessions 355‘ The seguence began with ball movement to the
top of the backswing and then forwafd again to ball release.
These starting 'positions of the body and ball rehained )
unchangeg %qr the duratien of the teaching-sessions.

The height o£ the backswing'was altered by the .
ihvestigator at discrete points in the teachiﬁg‘sesgioné. To

™ .

re%teratec‘the instructor deg¢ided it was beneficial in
Sessioné 3, 4, anqx§ for MW to Eegin movémeﬁt Qith‘the ball
starting at the height of the backswing. In SessionSIG-QO) MW
was instructed to swing the ball'back to the hqight J!bthe’-

backswing and then forward to release. The heiéht of the
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backswing in the remaining sessions varied because MW was
inconsistent and had not yet established an optimal height
for his backswing. The Height of the backswing occasionally
went past the horizontal (parallel with the fléog) but
generally raised to a pesition below. the horizontal:

The step length decreased as the sessions progressed.
However, from the third session to completion of the teaching
sessions, MW placed.himself in the throwing position as he
was instrycted to do so by the investigator. Due to thish ¢
change ih initial siarting,position, the distance between his
feet decreased as the sessions progressed. In other words, Mw
decreased his base of support throughout the sessions. The
distance the lead foot was behind the foul ling generated
some interesting détq: He was instructed to place Hhis lead.
foot behind the foul line befdr%,he threw the ball. Except
for Session 2_and’3( he pl;ced\his lead>foot over the foul
line anyway, regardless of instruction. The instructor
continually reminded and physically piaced his foot behind
rthe line, bué when left on his own, his foot edged over the

foul line.

ly increased across the ten

{ . . .

Béll veloc;ty gradual
sessions with some ?ariability within each session. Thg qb
emphasis,on'the heightbéf the ba;kswing throughout the ~
sessions héd some effect on the\ball_velocify at release. MW
was encouraged to impart more force toifhe ball at’ release

" - . N
with the release point closer to the floor as the sessions



175

progressed. The physical manipulation of MW's upper limb in

the throwing sequence enabled him to throw the ball with more

force when on his own. The upper limb velocity scores

paralleled the ball velocity scores across sessions and in

all cases was lower than ball velocity. The follow through of
the throwing limb was generally very low throughout the

sessions.

Summary
The two subjects, TJ & MW, received different

instructions to achieve the environmental goal, based on the
pattern of skill acquisition of their matched normal - h
counterparts. The degree of success of the teaching protqgcols

is discussed in the general discussion of the thesis.

s )
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APPENDIX B

s

Question§ asked to each subject ‘at the completion of each

sess&on.
1. what
A.
K ~
B.

~
4. In t

A.
B.

5. Do you feel tﬂis task is: } g

A.
B.
cC.
D.

A.

-4 B.
. C.
D.

“ E.

V:

7. Did you feel you imprqved Yes -or No? .

"*s’ the ball curve to the.right or left?

Pins

changes the speed of the ball?

Appropriate answer (e.g., change in hand speed,
height of backswing, force delivered in throwing
motion) ;

Inappropriate or Did Not Know

A .
Appropriate answer (e.g., spin on ball, speed of
ball) ;
Inappquriate or Did Not Know

are you looking at when-you throw the ball?
Foul Line
Marks on the Floor from Figure IV-1

his task, do you feel that you need to be:

4 .
Lucky ;s ‘ B .

Skillful

.

Very Easy .
Fairly Easy. v
Fairly Hard -

Very Hard ) ’ -

6¢‘On‘this skill, do you feel you are: .
. . . ) . .
Very Good SR ~\\\“J/

Pretty Good

Average
Fair : :
Poor - : ) ‘ . - A

oy

8. wWhy:do you _feel you improved (did not improve)?
. ) AR'. N . .

4
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Answers provided by each matched pair of subjects for the

first 7 questions.

JN & TJ
Question #

4

3

1

Session
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DL & MW
Question #

3

4

1

Session

oA DA DA DD DD D D

L L T U O U O N Y

DD D2 D4 D D D4 D D

(SRSNIRCNINSNINININS)
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DM & WC-
Question #
3 4 5

-

]
[o)]
~3

Session 1

.

1
.

14

QOO0 0O00000.
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eReReReReReReROR H- 9
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=
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answers to #8 were generally the same by each

subject. The general feeling of each subject relativé to

improvement concerned the number of pins they contacted in

each session compared to how they had done in previous
4 : L'

sessions. Some of the physically awkward bojs answered with,

'I don't know'. Not any of ,the boys answered relative to the

N

‘kinematic variablds. . o ‘ .~
AN .

by

’

Q@‘ ’
[

oy



