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ABSTRACT

Thé'present study attempted to cont:;l certain aspects
of Knawledge‘as presented in the knowledge-based approach to
motor development by Wall, McClements.'Bouffard. Findlay,
and Taylor (1985)) that is, procedural, declarative and
metacognitive knowledge.’

The specific purpose of the study was to consider the
effects of declarative and metacognitiye knowledge on the
performance of a tracking skill. Two b§sic questions were
asked: 1.\ Does skil{ on tracking a mpVing target incregse
with age? If so, can the children in each age group be
separated into novice and skilled tracking performers? and
2. When-tracking a familiar p;tterﬁ such as the Ffigure
®ight, do the girls in the noviss and skilled groupg at

- grades, 3 and 5 differentially respond to _instructiom \

A
\
conditions?

/ (

The results supported both.qﬁestions\ Specifically,
tracking skill increases with age but, the most important
finding was that ihe'ievel of skill was a much more
important determinant of performance'than was the
chronological age of the subjects. As regards to the second
question, bofh graae 3-and 5 skilled and novice groups did
respond differentially fs the instructions.

¢
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1. CHAPTER ONE: INTRODUQON.

¢

" A—A—BRIEF- OVERVIEW.

For many years the study of motor development has been
charactérized by extensive descriptive research concerning a
var1ety of gross and fine motor developmental tasks in an
effort to evaluate children’s development (Thonpson"I929
Gesell, 1840; McGraw, 1945). Such research has focussed on
studying the nature of develop&ental stages, their timing
and sequence, and to some extent the nature of‘the

env1ronment that triggered or fostered such development.

- The var1@Us methods and techniques employed for this Kind of”

study include observation and behavioural descr1pt1on using
both longitﬁdina1 and cross-sectional samples (Wickstrom,
1977 Seefeldt and Haubenstricker, 1982), cinematography,
and subsequent biomechanical analysis (Robénton, 1978) .
Co-twin studies were also done to determine whethertfhere
was some effect of early pFacticing of gross motor sKills on
future motor devel‘ nt, as well as go assess the
contribution of genetic endowment (McGraw, 1935).
Descriptive research conceptualized motor development
as the identification of when sequential and orderly
developmental stages occur (Rarick.‘1973; Roberton, 1979).
For example, Roberton (1977) has studied in great detail the
developmental changes in the overhand throwing pattern in an
attempt‘to'identify the progressive changes that

characterize children’s development of mature and efficient
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skill patterns. Such identific;tion has been useful in
terms of its contribution to the understanding of innate
factors such as age, gender, growth and maturity and their
effect on early motor deve]opment. Also, its importance in
developing appropriate chi{d rearing practicés cannot be
ignored. Descriptive research has also provided the motor
development area with an’appreciable number of motor skill
tqs}s and other assessment tools that have influenced the
development of motor skill programs for developing children.
However, development is characterized by change and may
be better viewed as a cumulative process rather than a
series of distinct chronological instances. The descriptive
study of motor development focussed largely on the study of
‘when’ certain changes were expected to occur rather than
Seeking an explanation of 'how' and 'why’ developmental
changes take place. Many scholars have been concerned with
the latter questions and have initiated extensive research
on questions of *"how" developmental changes occur. They
also try to investfgate‘"why" these developmental
differences exist by manipulating variables to reveal age
differences ih the ability of children to procéss
informafion in the performance of a task. For example,
Clark (1982) studied the developmental differences in
response processing in three age groups (kindergarden
children, grade 4, and adulis). The task was a two choice.
reaction time (RT) with two levels each (high and low) of
spatial compatibility and discriminability. Clark found



that*Ehildren were considerably slower in speeded respoﬁses
than adults. It wss also found that when the demand of the
response increased, as in the case of ‘the low compatrbil1ty
cond{‘$pn, ‘younger subjects needed more procesSIng time
before they responded; and, therefore, their reaction tjmes
were significantly higher than the adult group. Clark
attributeq the above findings to developmental differences
in encoding and identification stages of stimulus
processing. She suggested that children require more time
to select the eppropriate’response for the perceived
stimulus, and also to program (or organize the Knowledge
structures) fer“the execution.of the selected response |
(Clark, 1982).

 This study and others (for example Connolly, Brown, and
Bassett, 1970; Barclay and Newell, ﬁ980; Sugden, 1982)
focussed gn developmental changes in the child’'s processing
of information in motor tasks. Developmental differences
~are explained in terms of children’s ability to accomplish
certain steps in the perceptual, cognitive and effector
' phases of performance.

- Recently, some motor development theorists have begdn
to %EKe a broader view about what develops in motor
development. Wall, McClements, Bouffard, Findlay, and
Taylor (1985) have suggested’that a more effect1ve approach
to the study of motor development might be to stress the
importance of the knowledge that children acquire hbout
action during development. They suggest that Knowledge
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about action develops in conjunction with physical growth
and its resultant changes in body structure. ,

The knowledge-based approach to motbr develdament
recqpnizes the importance'of genetic endowment and
structural capacity; however, it also emphasizes the crucial
role that experience plays in thé development of knowledge
about'action. Furthermore, as Figure 1! indicates, it
provides a broad overvjew of what develops by identifying
five domains of knowledge about action: declarative, .
procedural, affective, and metacdgni}ive knowledge as well
as metacognitive skills, '

Declarative knowledge is the factual Knowledgg which is.
accumulated through experience and consists d?'conerete
concepts as well as abstract ideas about the world.
Procedural Knowledge is responsible for the instantiatioﬁ of
action: knowledge about the general and the specific
features of each actibn.that are about to be performed and
about how to meet the requirements of the actron Affectlve
knowledge inciudes the motives, thé cod*vdenca and~q3perally
the "subjective feelings of the 1nd1v1duai“‘about a
part1cu1ar skill or act1v1ty Metacognitive knowledge
develops through experience andvit‘is directly related to
the other three kinds of Knowledge.' It includes being aware
of what an individual Knows, of what he or she knows how to
do, and of how well he or she can do it (Wall et al, 1985).

Métacognitive skills develop as children develop sufficient

procedural, declarative, affective and metacognitive

N
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knowlédge about action. ‘The use of different strategies,
the planning and the monitoring of certain| aspects of an
action are examples of metacognitive skills.

) The above approach predicts that skill\devélopment does
not only depend on age and maturation but alio on the
learning experiences available to a person to acquire
skills. It is argued that procedural knowledge, for
instance, cannot develop without countless practice trials
that allow learners to acquire information about the
"specific dgmands of a task.

‘Wall :t al (1985) stress the irnporiance of declarative
and metacognitive knowledge in the consciéus control of
procedural action. They define declarative Know ledge about
action as the "factual information storéd in memory wh1ch
will influence the dgvelopment and execution of skilled
action" (p. 30). They note that declarative knowledge about
action is devéloped through the cbuntless‘éxperiences that
children have with their environment. More importantly for
our purpose, they contend that "declarative knowledge about
action is continually modified and restructured into
coherent packets of knowledge that can influence
conceptuéily?driven thinking about éctionf (p. 30). In
addition to this declarative and procedural Knoﬁledge base
about action, children also develop metacognitive knowledge
abouf action. "Metacognitivé knowledge about actionlis
Knowing a?out knowing how to move” (Wall et al, 1985, p.

31). In addition to metacognitive, declapative, procedural



and affective knowledge about action, children develop
metacognitive skill in controlling their actions in certain
situations. Thus, in novel, dangerous, or technically
difficult situations children often use specific -
metacognitive skills to consciously control their attempts

to learn.

}

The basic reason for undertaking this study was to

B. PURPOSE OF THE STUDY.

operationalize some of the ideas that have been outlined in
the knowledge-based approach to motor deveiopment.
Specifically, the purpose of this study was to consider the
effects of declarative and metaCdghitive knowledge on the
‘performance of a tracking skill. In this study’theaskj!l of
tracking the target w:s assumed to be the manifesfation of
the child’s procedural knowledge in that the resultant error
scores were indications of how well the child could follow
the target to be tracked.\ The knowledge of partjcular
shapes was considered to Be declarative kKnowledge, that is,
the knowledge of the concepts of "square", "circle”, and
"figure 8". For the purposes of this study, metacognitive
knowledge was defined as the child’'s awareness of her
knowledge of these concepts while the use of problem solviﬁéj
and monitoring strategies were assumed to be metacognitive
skills. >

Thus, the study attempted to control certain aspects of
the procedural, declahativé. and metacognitive knowledge

]
J



bases of the children involved in it to determine the
relative'influencés of these parameters on changes in
skilled performance..

With respect to procedural Knowledge, the manipulation
included an initial assessment of the procedural skill of
the subjects so that 'novice’ and 'skilled’ groups could be
identified. A familiar geometric figure, the figure eight,
was selected as the shape to be tracked. The effect of
instructions that cue the subject to use her declarative
knowledge about shapes wes examined. It was recognized that
‘declarative instructions’, (that a figure eight is the
shape to be tracked), midﬁi differentially affect the
berformance on traeking skill depending on the initial skill
lével of the subjects. It was hypothesized that at all or
at least some ages, groups low in procedural knowledge in
tracking may be limited in the use they can maKerf such
~declarative knowledge about action. In the same way, it was
hypothesized that the metacognitive instructions (that the
figure to be tracked is a common shape) may be used
differentially by the different age groups and skill levels
within them. In as muéb as this is the first study of this
type, it must be viewed‘as an exploratory one.\

C. RESEARCH QUESTIONS.

Based on the above rationale the following sequence of

research questions was posed‘ib

1. Does ski}l in tracking a moving target increase with

-~
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age? If so, can the children in each age group be separated

into novice and skilled tracking performers?

2. When tra§ ing a familiar pattern such as the figure

eight used imthis study, do the girls in the novice and

at grades 3 and 5 differentially respond to

Yhree instructional conditions:

#% ve condition in which the
subject was shown the figure eight pattern
that was to be tracked, and
c. a metacogéitive condition in which the
subject was asked to track the moving.target
but with the additional suggestion that the
pattern to be tracked was a shape familiar
to her? “ “

| .
D. DELIMITATIONS.
For the purpose of this study, only right handea girls,
who attended public schools in the City of Edmonton Alberta

’

were tested at ages 8 and 10 years.

E. LIMITATIONS.
_There were no boundary conditions to establish “the
methods because of the lack of studies dcie using similar

tasks.
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The declarative mat#on 1n the task (i.e. the
figure eight shape) may have been too easy for the older
" subjects in that it bpcame‘a!most immediately apparent to
many of the skilled subjects. Related to this is the
relationshfp of the age of the subjects and their ability to
combrehén& the instructions. Furthermore, the number and
“the length of trials had not been.established in previous
tracking research for these age groups. For this reason,
the pilot study is reported here.
Finally, the study may be limited in that the selection
of novice and skilled groups resulted in relatively
heterogeneous groups. In other words, the range of

o e
procedural skill in each of these groups was large.



II. CHAPTER TWO: REVIEW OF LITERATURE.

A. INTRODUCTION. -
The initial section of this selective review of. the

1iterature briefly outlines Jerome Bruner’'s thoughts on
early skill learning. It is followed by sn introduction to
Schmidt’'s Schema Theory of Discrete Motor Learning which .
stresses the importagt role that schemata play in the ° \//
stordge of action information. Building on the notion of a
generalized motor schema the chapter includes a brief
summary of some of the key concepts ié Norman and Shallice’'s
(1980) theory of skilled action. ‘

‘ The above three sections are followed by a discussion
of Newell and Barclay’'s (1982) recent views on knowledge
<about action. The main thrust of the arguments put forward._
by these authors is that the development of skilled actton
must be viewed from a top-down as well as bottom-up
perspéztive. Their comments on the strength and limitations
of schema theory are also noted.

. The final section of the chapter describe a
knowledge-based approach to motor development which uses a
number of different types of knowledge about action to
highlight the breadth and depth of the Knowlédgg;base that
supports the development and control of action. A brief
review of studies showing expert-novice differences in

~different knowledge domains is provided. The importance of

domain-specific knowledge and the intéraction of different

10
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t /
types of knowledge about sction is stressed aibfﬁby relate
to the scquisition of motor skills.
The final section includes a brief statement on the

choice of task used in this study.

B. BRUNER’S VIEWS ON EARLY SKILL LEARNING.
Bruner (1973) in an important article on the
development of early skilled action sugbégts that
. "goal-directed skilled action, tr;en, may be
conceived as the construction of serially ordered
constituent acts, whose performance is modified
towards less variability, more anticipation, and
greater economy by benefit of feed-forward,

feedback, and knowledge of results” (p. 173).

In discussing his view of skilled action, Bruner
stresses that the constituents (sub-routines) from which
skikled action is cqpstructed should not be vieweé/as fixed
--action patt.rns.but rather they should be seen as flexible
units generated to meet the demands of specific situations.
Bruner underlines the importance of feed-forward, feedback,
and knowledge of-results and‘emphasizes the important role .
of early play, (he calls it "mastery play") in the
acquisition of skilled action. '

He also notes the role th?t the modularization d;'
sub-routines plays in the developmental skill learning
process. Such modularization ensures that lower level
subroutines are incorporated into higher order sequences
such that only these larger units require attention. In
addition, Brunef purports that as childrén grow older they

gradually.develop more and more automatized skills that -
/
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~allow them to act on their environment in an efficient and
effective way. Furthermore, as actions become sutomatized
they free up attentional capacity for more effective problem
. solving end monitoring activities. "
Bruner’'s article is a classic one in the area';f//’)
developmental skill acquisitiom inthat it emphasizes the
important role that environmental experiences, play,
feedback, §hb-rout1nes. modularization, and the physical
constraints of the body play in the development of skilled
action. However, Bruner did not address the question of‘
what made up. the sub-routines (constituent acts) that
underly skill. It was Schmidt (1975) in another impor tant
paper on skill acquisition who addressed some of the more

basi¢ problems related to this issue.

C. SCHMIDT/S SCHEMA THEORY.

Schmidt (1975) addressed two main issues in the skill
learning literature; namely, the stcrage problem and the
novelty problem. The storage problem refersﬁto the_fait
that people perform;countless numbers of acts in a lifetime;
such a large amount of informatton if it Qene to be stored
by a one-to-one mapping ratio in the central nervous system
would, Schmidt contends, result in an overload of the ﬁemory
system. Henee, he pufports that such information on and
about action must be stored in a more efficient way. Hg
developed a schema theory of discrete motor skill learning

to account for this storage problem. At the same time, he
d.
-
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addressed the noveliy pfob1em 5y noting that people can
flexibly generaté novel respOnses.qqic@Qy and aécufately'in
a variety of situations. Schmidt used the early schema work
of. Bartlett (1932) 5nd‘Adams (}971)»to develop his

. theoretical account of motor sé?]l learning.

The cenfra] feature of Schmidt’'s schema theory is the
notion of a generalized motor program, which is an abstr?ct /
memory structure that, when activated, causes mo&emeht to L
occur (Shapiro and Schmidt, 1982, p. 115}. The theory is
based on the not1on of. a generalized motor schema, so that
evgry movement does not require a distinat motor program for
it to be executed. .Thus, schema theory ﬁurports that
géneralized motor programs govern a given set of movements
wﬁich require a common motor pattern.

The theory has two major components: the recall schema
and the recognition scﬁema. The recall schema underliies
response production while the recognition schema evaluates
the appropriateness d? a g1ven response. It 1s the
interaction of the recall schema with the }ecognition schema
that is at the heart of £he schema theory of motor skill
* learning. -

Shap1ro and Schmidt (1982) make an important point
dbOUt schema theory. they note that the theory does not
address the question how a response is selected but
rather it "focusses on fhe processes that occur after the

generalized motor program has been selected (namely,

parameter se]eptibn) tqﬂ,ﬁfectively execute the program" (p.
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115).

Schmidt (1975) purports that a recall schema is
assocf%ted’with every generalized motor program. ‘This
recall schema is actually a rule generated from past
ediperiences with rqnning the program. It is based on the
initial conditions including the position of #he 1imbs,
factors in the environment, the knowledge of results from
executing the action(s), ;nd the key parameters used when
executing Mhe program. As a person gains experience in
executing an action, the above information is generated,
analyzed, ar: ev:tually becomes abstracted into a rule
relating the 12c¢. three pieces of information which is
stored in memory. The validity and the strength of the rule
(genera}ized motor program) is directly depemndent on the

number of trials from which knowledge of results can be

. obtained and the variability of practice associated with the

per formance of the action; that is, the greater the number

of practice trials within a response class the more

P

effective a schema will be. Furthermore, the theory
predicts that the better the schema or generalized motor
program, the better will be the response specifications of
any novel movement that is generated within that response
class.

Once a’schema has been used to execute a response.~;
recognition schema develops in conjunction with it. Again

} ;
given a sufficient number of trials and varibility of

practice, a recognition schema (rule} is developed relating



15

initial conditions, past actual outcomes, and bost sensory
consequences. A well-formed recognition schema associated
with a given fesponse class permits a performer to
~accurately predict the expected densory consequences
associated with a novel movement in that class. Clearly,
feedback plays a major role in the development of the .
recognition schema which in turn helps shéﬁe the
effectiveness o% a given action or a series 6f actions.

In summary, schema theory uses two independent memory
states, the recall and reéognition schemata, to account for
the‘executidn and evaluation of actions. The recall schema
is responsible for the selection of fhe response "
specifications that underly the execution of the motor
prograh’designed to reach the desired objectivé. The ’
recognition scheha defines the expebted sensory consequenses
that allow the cbrrectness of a given respohse to be
evaluated. . |

- Schmidt’'s schema theory postulates how the production
of a movementAtaKes place and describes the roie of response
specifications in it. Additionally, it provides a testable
hypothesis for the value of the variability of practice |
hypothesis. However, it does not explain .the difference
between performing a well-learned task and a novel task nor

does it describe differences in the quality of schemata.

Furthermore, it does not mention the notion of hierarchical

" “control of schemata and sub-schemata.



In fact,\Brown (1979), in criticising schema theory,

argues that schema theory is simply an assimilation model.

P

In other words the bui ld up of Knowledge or creation of new
schemata are “incarporated” into already acquired knowledge
structures. Ffor schema theory 'does not explain ho& new
schemata are formed (in order to explain change which is the
ma jor fe;ture of development) nof does it explain how '
pre-exisaing schemata are modified In fairness, Schmidt’'s
schema theory (1975) was not written to expiain individual |
differences nor to handle developmental issues. . However,
more recent theories have begun to address such questions.ﬁ
In conclusion, Schema theory has had a profound effect

on the motor skill learning literature. Perhaps the most
»

“amount of research has been done on the variability of

practice hypothesis that is such an important part of the
theory. Briefly, schema theo;y predictS'that a group
attempting to learn a new task will learn that task more
effecfively if they experienée many different exéeriences
associated with an action within a responsé_class fhan if
the learners only practice under one ob two conditions. The
research on this topic is quite extensive; however, it ié
also quite equivocal; as it is not céntral to our view of
skill learning it will not be reviewed at this time (Shapiro

and Schmidt, 1982; Barclay & Newel],‘1980).
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D. NORMAN AND SHALLICE’S VIEWS OF SCHEMA .
~ Norman and Shalligsi(1980) view a schema as a package
6f knowledge which is formed out of learning and experience
and which can be general or specific pnder different
conditions. Such schemata ére called'into action when
needed. They contend that there are,source schemata and
subscheméta. It is thrpugn these schemata that people
control their actions. h |
Norman and Shallice (1980) propose that schemata céﬁ be
in three gctivation states: dormant, activated, and
" selected. The majoriti of schemata are:usually dormant when
they reside in permanent long-term memory. Activated
schemata are those that are called in}o action when a
situation arises. Many factors determine the degree of
readiness 6f thesf'activated schemata, y)r example,
motivation, strength of schemata, appropriateness for the .
situation at hand. The degree of. activation reflects the
éppropriateness and readiness of a sche;a to be called into
action. The greater the activation value the more likely it
will be selected for action. Finally, selected schemata are

those that have activation values high enough to be chosen

to guide action.

Hor izontal Threads.
Norman and Shallice (1980) propose that an action
sequence is comprisedsof a number of component échemata that

are activated and selected to guide action. Horizontal

-
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threads represent automatized sequenceg’of action which have
a source schema'and‘subéordinate component schemata. In

. fact, such horizontal threads remind one of Bruner's
modularized Sub-routines which, he suggests.’guidé action.

A well-learned action sequence becoﬁes automatized to the
degree that it requires very little, if any, conscious
control; but not all action sequences are well-learned. For
this reason, the varidus schemata which are related to‘the
action sequence are competing with one another for
selection. Norman and Shallice contend that whenever
competition occurs among two ‘or more schemata a contention
schedule mééhanism comes into play which assesses fhe degree
~of activation such that the most appropriate action sequenéé

is selected for a given situation.

Vertical Threads.

. Vertical threads can influence lower-level schemata
.through changes in activation values. When confronted with
a novel task the {ndividual may not have available the
appropriate schemata “to guide action. Vertical threads
represent a means by which control can influence existing‘
-action schemata (horizontal threads). They also can reflect
changes in motivation. Thus, when new schemata have to be
produced in order to respbnd to a specific ?itudtfon the

- attentional mechanism (vertical threads) can influence'
élready acquired knowledge structures.” It is through the

interaction of the existing knowledge structures that}few
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schemata are formed to meet the demands of the task at hand.

Vertical threads influences come into play when a
person does not have sufficient horﬁigntal threads to m;et
the demends of a given task. In such novel situations the
person must use higher-fevé] control structures like verbal.
cues, action rules, or monitoring methods to generate an
appropriate solution to the fask or problem at hand. The.
cost of invdlving such higher-level systems is to reduce the
speed of response. Hence, skilled individuals are those who
have a great many horizontal threads to select, orchestrate
and monitor their actidns. ‘.

Norman and Shallice’s theory (1980) seems to be.a more
wholistic approach to the acquisition of skill. The above
authors see the value of distinguishing between skilled and
unskilled action wgich underlies individual differences in
per formance on various tasks. Such a view acknowledges the
importance of knowledge acquired with development and its
role in guiding action. |

The implications of the above theory aré that practice
~must vary with the phase of skKill acquisition of the
learner. That is, perception and identification of the

taks's demands will be perceived differently by individuals
L

with different levels of knowledge in a particular skill.
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E. Néﬁﬁﬁt AND BARCLAY’S VIEWS ON KNOWLEDGE ABOUT ACTION.

ﬂih another important paper on developmental skill
acquisition, Newell and Barclay (1982) provide a
metatheorefical approach to the development of cognitive
control gf action. They discuss‘three main themes: the
representation of knowledge about action, the development of
metacognitive Knowledge, and the key factors which influence
the developmen{ of Kknowledge agout action.

Newell and Barclay -(1982) point out that, knowledge
about action is repre;ented (stored) "in terms of generic
concepts rather than in a more direct one-to-one .
correspondence” (p.178). They note that such generic |
Knowledge structures have been used quite widely and for
quite some time. The labels associated with §uch‘generic
Knowledge structures include plans (Miller, Galenter, and
Pibram, 1960), schemata (Rumelhart and Ortony, 1977),
definitions, (Norman, Rumelhart, and LNR, 1975), and
scripts, (Schank and Abelson, 1977). A1l of these terms
refer to knowledge §tructures that "represent generic .
conpepts at various levels of abstractioh" (p. 178). They
note that many of these -~:as stem from the emerging field ~
of cognitive science a™ have had little influence in
the action domain. How- 4+ +«well and Barclay point out

such terms and the co‘
linked to Schmidt's (1

jiated with them are ¢losely

on schemata as they relate

to motor skill learning.
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Newell and Barclay (1982) review the basic premises of
Schmidt’'s schema theory and make a number of important
observations on it.

The initial observation that they make about the schema
approach to motor skill learning theory is that it is too
narrow a conception of the representation of knowledge about
action. Newell and Barclay observe that: |

"The cognitive science approach has focussed
principally on the representation of the act itself
(e.g. Rumelhart and Ortony, 1977), without
recourse to the details of movement per se. In
contrast, the motor skill learning orientation
gives pr1nc1pa1 emphasis in schema representation
tordetails of the response specifications (e,g.
Schmidt, 1975), such as the Kinematic and Kinetic
features of the movement. Of course, these
interpretations of schema are not mutual]y
exclusive, but the gulf between them is wide, and
the motor skills approach in particular is mugh
narrower than it should be. The need for the link
between the two orientations, even with their
current assumptions, is eminently self- evident.
Unless there is some conceptual action peg on which
to hang response specifications the act will not be
completed” (p.180-181). \

They go on to note that the equivocal findings stemming
from research studies on the variability of practice
hypothesis might suggest that there may be

"different levels of response generalization; a

broad class of generalization tha® reflects the

transference of the act to a range of circumstances

and a narrow range of response generalization that

reflects the transference of details relative to

the precision of the movement pattern” (p. 1381).

In addition, they provide some evidence from the mental
practice literature (Minas, 1978) to support the notion that
the broad generalization aspect might be more symbolic and

require minimal bhysical practice in contrast to the
$
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physical practice required to improve the precision of
specific movements. Thus, Newell and Barcl%y (1982) call
for a broader view of what under lies skilled action, a view
that might include different stages of differentiation from
intention to the execution of the action. »

Perhaps the most important observation that Newell and
Barclay make is that schema fheory apﬁroaches to the
acquisitibn of skilled action are very static accounts that
do not appneéiate the importance of the organism -
environment interaction. They suggest that schemata should
be viewed as active entities that are continually being
shaped by organism - environment interactions. Thus, they
suggest thgt the acquisition of knowledge about action must
include " top-down, Khowledge to action., and bottom-up,
perception to Knowledge ", if they are to explain the

acquisition of sKilled action.

F.QA KNOWLEDGE BASED APPROACH TO MOTOR SKILL ACQUISITION.

In a recent article, Wall, McClements, Bouffard,
Findlay, & Taylor (1985) outline an heuristic apprpach to
motor development which stresses the impoftance of Kknowledge
about action in the skill acquisition process. They note
that up until recently most studies of motQr development
have essentially been cross-sectional studies of children’'s
mbtor performance with age, sex and a few trials as the
major independent variables. The present review of the

knowledge-based approach will be divided into two major
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sections. The first section reviews some of the main ideas

in a Knowledge-based approach to motor development, while °
. )

*

the second section deals with some major developmental

factors that influence the acquisition of motor skills.

Acquired Know ledge. A
Acquired knowledge refers to knowledge that is gained
through experience which increase§ with development. As
Figure 1 shows, acquired knowledge about action can be
categorized into three major 'types: procedural, declarative,
and affective: In addition. metacognitivg;knowledge and ]
\\skills can also be differentiated. A brief examination of

each of these types of knowledge ‘about action follows.

Procedural Knowledge About Action.

Procedural knowledge refers to the storage of action.
schema; that control the execution of skilled actions (Wall
et al., 1985; Norman and Shallice, 1980). In the
knowledge-based approach, as in schema theory, schemata are
viewed as packets of knowledge that store information in a
generalized manner. As such, they facilitate the storage
and flexible use of large amounts of information.
Furthermore, perceptual, decision-making and response
execution schemata can be linked together to c rol complex
skills. At each stage 6f an action sequence, considerable

flexibility is provided by the use of control schemata that

s, . \
access relevant information from lower-level schemata
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(Kozminsky, Kintsch, & Bourne, 1981). Such control schemata
can access both declarative and procedural knowledge -
consciously or automatically. Thus, factua! information on
the rules of the game, pertinent biomechanical faétors. or
 key contextual cues can readily influence the initiation or
control of an action. In the same way, control schemata can
access general or specific procequral know ledge about visual
search, attention deployment, mdhory retrieval and executive
processes. A Thus it is postulated that procedural knowledge,
stored in schema form, underlfes the instantiation of all
aspects of an action sequence including the stimulus
identification, perception, decision-making, response
selection and execution,'and the evaluation of intrinsic and
extrinsic.feedback (Singer, 1980:'Norman & Shallice, 1980;
Gallistel, 1981; Stelmach & Diggles, 1982).

Acquired procedural knowledge, in schema form, operates
within an heterarchical sysfem that makes use of a myriad of
feed- forward and feedback systems (Parker, 1981: Wolfe,
1983) . Human evolution has ensured that motor skill ¥
acquisition will be influenced by both top-down and
bottom-up processing (Arbib, 1980). At the same time, such
flexible processing occurs within the constraints
established by the anatomjcal and neuro-physiological
features of the body. Recent developmental studies

demonstrate how such constraints influence the early

acquisition of procedural knowledge about action (Thelen,

1981; Thelen & Fisher, 1983; Von Hofsten, 1983:; 1984).
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A ‘fundamental observation in the skil] acquisition
process is that deliberate attentional contrql is required
at certain times 1n“it. Fitts (1960) and Gentile (1972)
postulated that motor skills are ususlly acquiﬁt& in three
distinct phases: cognitive, associative and autonomous. The
cognitive or "getting the idea of the movement” phasé
requires the involvement of considerablq‘ﬁpgnitive
resources, whereas the associative and autonomous phases are
more automatically controlted. Such conécious cognitive
control is relatively costly in terms of the speed and
fluidity of a given performance (Norman & Shallice, 1980;
Kinsbourne, 1981); furthermore, by definition, novices are
usuaily operating in just -such a costly control mode.

The developmental level of a person’'s procedbral
knowledge base about action may be viewed in terms of the
quantity and quality of automatized’skills that he or she \_—
has available to meet the tasks of a given domain. Hence, a
skilled person with a large repertoire of automatized skill;
can more efficiently handle a broader range of tasks than a
person with fewer skills. Fup}hermore, the Skilled person
will have to use deliberate attentional control much less

often than a novice would simply because he or she has this

greater repertoire of well-learned responses.

Declarat ive Knowledge About Action. .
Declarative knowledge about action refers to factual

information stored in memory that can influence the
~ .

;
- %
-
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deve lopment and exgcution ot skilled action. As children
grow oiﬁer, they begin to appreciate the morphological, "
biomechhnical and,env{ronmental constraints under which they
are obérating. This movement-related Knowledge‘about the
self, others.‘and physical objects within the/énvironment is
a major product of cognitive-motor development. During the
preschool bears. declarétive knowledge about action is

-esseﬁtial]y nonverbal. However, as children deVélop more
JKknowledge about their actions, the actions of others, and

the effecté of their actions on abjects and other people:
theykbegin~to use language to des¢rfbe them. This movement
yocabﬁlary is baﬁticularly important when caregivers use’

fanguage to guide the motor learning process.

One of the most ihportant aspects of declarative

‘Rnowledge about action is the information that children

acduiré dbout their own bodies and how they operate in
épaée. Pick and Lockman {1975) have shown that children can
handle progressively more complex spatigl tasks as they grow
o1der.’ They ﬁo}e«that children acquire multiple reference
systems for describing the way they move in three
dimensional space. Starting with relativ?iy simple
egocentric coding of manipulatory tasks, children go on- to
use geocentric reﬁgrence systems which ultimately leéd_to
the flexible use of more sophisticated mental
representations -abeut space. As noted earlier, very early
in life children begin to attach verbal labels to describe
their self-referential spatial system and use this e

»

o



declarative knowledge in making decisions about their
|

movements in spatial environments (Olson, 1975). Such

declarative knowledge becomes a usefull tool in the

cognitive control of action.

Affective Knowledge About Action.

Affective knowledge about action refers to the
subjective feelings that chi!en store about themselves in
vgrious action situations. ch feelings develop from the
thousands of interactions that children have with objects
and other people in a variety'of action gnvironments. As
they grow older, children develop varying degrees of
movemeqf compétence: Competent children experience‘a
greéter number of success expériences than less-skilled
£hildren simply because they more readily handle the
1ncreasingly difficult tasks which they must face as they
grow oldér. Such positive experiences generate feelings of
confidence that motivate children io try even more

challenging tasks which further increases their skill .level

and general movement competence (Keogh & Griffin, 1982).

Metacpgnitive Skills.

Metacognitﬁve skills are concerned with the control and *
“éffective use of stored Knéw]edge through the sélection,ﬁ
control, and monitgfing of a person’s cognitive processes.

Higher-level executive processes are central- to the control

and execution of sKilled ac;}pn. Effective metacognitive
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coﬁtrol of cognitive processes underlying stimulus
identification, response selection, and response programming
can ensure that voluntary actions optimally meet the demands
of the situation.

Metacognitivé skills may be under conscious control or

automattzed so that they operate unconsciously. The more

skillful a learner is in a specific situation the more

fikely he or she will be to use both types of metacognitive

. processing. -Again, the demands of the task and situation
will affect the type of metqcogniti;e skills that will be
used. )

| Perhaps, the most important reason for consideripg the
role of metacognitive skills is the intimate relationship
they have with the motivation of the learner. Experienced
instructors know that the effectiveness of a suggested
metacognitive strategy will largely depend on the learier’s
ability to use it. The motivational state of the learner
1argély determines the degree to which such skills as
planning, predicting, monitoring and evaluating will be
used. Experienced, motivated learners are more likely to
strategically enhance their learning by systematically
cog&rolling their own learning.

X Metacognitive skills vary with the extent and
specificity of a leaner“s knowledge base; recent studies in
cognitive deve lopment show that these self-regulatory sKills

can have a dramatic effect on learning. Unfortunately, very

few motor development studies have considered the role of
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these executive processes in the skill acquisition process.
Studies are n@eded on the interact{on among declarative,
procedural and metacognitive Knowledge about action with
specfal attention to the role that metacognitive skills play
. in the skil) acquiéition process.
G. EXPERT-NOVICE DIFFERENCES AND THE KNOWLEDGE-BASED
APPROACH. .

In a developmental study of children’s memory Chi
(1978) found that young children who played tournament chess
were much better able to recall chess positions than novice
adults even fhough on a}control task the adults obtained
significantly higher digit-span results than the children.

Aliard. Graham, & Paarsalu (1980) in a study of
expert-n differeﬁces in basketball also found that the
’ski l1led r;':r_s remembered n1or1e structured offensive and
*‘ﬁefensive situations than their less-skilled peers; however,

no differénces were found bet;een the two groups on the
recall of unstructured situations. Jones & Miles (1978)
also found that advanced tennis players were better able to
predict where a ball would land than beginners could. All
three of these studies underline the inporfance of
considering domain-specific Knowledge about action in the
skill acquis{tion process.

The results of the above studies support the
‘differences between experts and novices that have been found

in the "chunking“ of chess patterns (Chase & Simon, 1973).



Furthermore, such domain-specific differences have been
found in the way experts approach problem solving in physics:
(Simon & Simon, 1978), and radiological diagnosis (Lesgold,
Feltovich, Post, & Penner, }984). |

~Chiesi, Spilich, & Voss (1979) studied high knowledge
(HK) and low knowledge (LK) baseball players. They found
that HK individuals were able to acquire new Knowledge
faster and easier in the baseball domain. LK individuals
did not make equivalent progress -as the HK playeré. The
authors suggest that this is so because new infofmation is
mapped into already existing knowledge structures. Thus, HK
players are able  to acquire new Knowledge in this specific
domain because they hanve a .lérger Knowledge base on which to
map the new information. .

In all of the above studies of domain-specific
knowledge, skilled individuals were able to use their
domain-specific knowledge to generate moré effective problem
solving strategies than their less-informed peers (Siegler,
1983), The above observations are certainly in keeping with
the ideas outlined in the knowledge-based approach to motor
" development.

In sUmmafy, a number of points. should be made about the
Knowledge-baéed approach to motor developmentAand the
process of sKill acquisition. First, it is a developmental
approach that siﬁB\(hadumbrates different types of knowledge

about action which inicrease with experience. Second, the

approach does not directly deal with the question of how
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skill is acquired but it simply identifies what types of
knowledge are acquired. Third, the knowledge-based approach
stresses that in any situation, action is the instantiation
of procedural Knowledge which may access other types of
knowledge about action. The teasiqg out of different types .
of knowledge about action in a performance is extremely
difficult and can only be done by inferenCe when there are
changes in performance. Fourth..the apbroach stresses the
impor tange of domain-specific knowledge, expert-novice
differences, and calls for the investigation of learning
over trials when the key factors of a person'é
Knowledge-base, the task at hand, the context and the
environmental conditions are taken into consideration.

The major thrust of this investigation is to examine
‘the effect that age, sKill level,yand different types of
instruction have on perforhance over trials. The major
premise under which the study is based is that learniné
requires the integration of different types- of knowledge
about action and the ability to gb beyond the information
given,; however, such learning is directly related to the

adequacy of the different knowledge-bases of the learner.

- H.‘CHI’S VIEWS ON KNOWLEDGE AND LEARNING.

. 'In a classic paper, Chi (1981) argues that "to '
understand learning, one must ma&e a detailed examination of
the structure and dgvelopment of children’s knowledge bases”

(p.221). She asserts that the growth of a child’'s knowledge
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Rase is what accounts for improved memory per formance and
learning. Like others, Chi distinguishes among three types
of knowledge: procedural, declarative, and strategic. She
suggests that procedural knowledge may be viewed as
knowledge ©f the use of ruleé; that is, knowing how to add
or multiply two digits. Declarative knowledge refers to
lexical or® factual knowledge; that is, knowing a cat is a
cat or a house is a house. She notes that:

"the game of chess provides an excellent

illustration of the differences between procedural

and declarative knowledge. Knowledge about the™

chess pieces, game rules, and players corresponds

to declarative knowledge, while knowledge about

which move to make corresponds to procedural

knowledge. Both procedural and declarative

knowledge are domain-specific" (p. 222).

Chi goes on to noté that in contrast to domain specific
procedural and declarative knowledge, strategic knowledge
can be "viewed as knowledge of heuristic rulesothat are
presumably applicable across several domains”". The
rehearsal process in‘memorizing digits, létters, or words is
an exampie of such strategic knowledge. Chi’s thnge A
categories of knowledge are congruent with at least some of
the content of declarative knowledge, procedural knowledge,
and metacognitive skills in the kKnowledge-based approach
proposed by Wall et al {1985). Chi makes a moét important
qualifying coonment on the value of such categories of
Knowledge, namely,

“although the distinction among procedural,

declarative, and strategic knowldge may be

artificial in the sense that a single formalism

such as a groduction system may be able to capture
all three types of knowledge, it provides a useful

cy



framework for the discuss1on of develodhental
research at the present time" (p. 222)

She also argues that to understand development one must
consider the development of the entire knowledge base of the‘
child. She asserts, .

“that development is mainly the 1ncreﬁent of more

content knowledge, both declarative and procedural.

The greater use of strategies with increasing age

is a byproduct of greater content knowledge, in the

sense that strategies are a generalized form of

specific procedural knowledge" (p. 223).

This position is entirely consistent with other recent views
on learning (Siegler, 1983; Glaser, 1984).

In a more recent paper, Chi (1983)_presents an initial
learning framework for development in which she extends some
of the above views. She contends that Anderson’s (1976} ACT
system and Rumelhart and Norman’s (1976) ASN system are both
excellent starting points for a developmental theory of
1earn§ﬁg. | i

Briefly, Anderson’s (1976) ACT system divides knowledge
into declarative and procedural categories. A hode-link
network represents factual knowledge while production rules
represent procedural knowledge. * |

The ACT model suggests that the first sfage of all
1eareing is the acquisition of declar521ve Know ledge .
Procedural knowledge is acquired through practice by the
conversion of exjsfing factual knowledge. Thus, declarative
knowledge provides the initial guidance for the learning of
new production rules that with practice become automatie.

With such practice the skill becomes faster and more
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reliable. Thus, the ACT system contendsrthat it is the
knowledge compilation proceSs that drives the developmént of
an extensive declarative and procedural know ledge base which
allows the learner to accurately and efficiemtlyshandle a
wider range of tasks.

The ASN learning systém described by Rumelhart and
Norman (1976) is similar in many ways to the ACT system.
The ASN system is a morz elaborate one as it uses schemata
with hierarchical structures‘and variables as its basic
unit. The ASN system represents both procedural and
declarative knowledge through the node-link system. Thus,

"a dinosaur schema may consist of the node

"dinosaur’ linked to the node ' ferocious

meat eater’, with links from this node to

‘upright’, ’lots of sharp teeth’ and "short neck’.

This structure which is probably part of a more
general dinosaur schema, could be accessed as -zi/ﬁ

declarative knowledge. On the other hand, this

same structure can represent a set of 1nstruct10ns

for determining if a d1nosauh is a ferocious

meat-eater” (p. 93).

Like Anderson (1976), Rumelhart and Norman (1976) also
contend that the acquisition of declarative facts is the
first stage of learning. An accretion process is propos
in which existing schemas flexibly store new facts at thi
proper place within a given network. Schemata can also .
produce new schemata through a restructuring process %f no
existing schema fit the stimulus situation. This
restructuring may occur through pattern generation or schema
induction. Pattern generation is the process in which a new
schema is created by modifying an old one while schema

induction is the
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"creation of a new schema from two or more older
ones which tend to occur together. This process is
characterized as a sort of '‘aha’ phenomenon
involving insight, and presumqbly occurs rarely”
(p. 94). / |

" Chi (1983) points out that there are certain

similarities between these two views of learning. She notes
that:

An accumulation of declarative knowledge occurs in
both, as well as complex learnimg involving

ref1n1ng and restructuring of knowledge. Existing '
knowledge can be tuned, either through

specialization or generalization, and new

structures can be built from old, either through
generation of analogous structures, or through the
combination and concatenation of old ones. This
particular set of mechanisms of ‘learning is not

novel. Flavell (1972) described many of these
ideas, and so did Gagne (1968), and more recently
Fischer (1980). The uniqueness of the two models

that we have discussed derives from the specificity
with which their mechanisms are described. Our
hypothesis for the time being is that either one of
these models is perfectly adequate to simulate
development” (p. 94).

A close examination of both Anderson’s (1976) and
Rume lthart and Norman's (1976, 1982) views on learning
suggests that a great deal of theoretical and empirical work |
remains to be done on them. In the same way, the ideas of
Norman and Shallice (1985) and Wall et al (1985) need to be
extended to include more specific details on the
developmental skill acquisition process. Howevér. it is
clearly evident that one must consider the match between a
child’' s knowledge base and the task to be learned. Second,
the context in which a task is learned must be considered.

Third, the domain-specific procedural and declarative

Knowledge must not be ignored. Clearly these are important



considerations that must be addressed in future
developmental studies of skill learning. Some of these

notions are addressed in the present study.

A
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I11. CHAPTER THREE: THE PILOT STUDY.

? Research on the tracking performance of children,
especially when the tracking pattern is a familiar one has
not been done. Therefore, it was necessary to comp}ete a
pilot study in order to exsmine a number of'factors related
to the experimental ga;k. This chapter presents the results
of that pilot study. ,
A. PURPOSE OF THE PILOT STUDY.

The purpose of the pilot study was threefold:
1. to confirm the appropriateness of the task, by examining
individual apd age differences and the consistency of the
per formances within each ége group; .
2. to establish an appropriate method for assigning subjects
to skilled and unskilled groups based on ‘iacking
per formance; and, l
3. to determine how mapy trials were feasible in a

developmental study of skill acquisition.
B. METHODS. - .

Sub jects.

v Subjects were 36 female elementary school students aged
6, 8, 10, (12 in each age group) who attended Ekota
Elementary School in Edmonton, Alberta. All subjects were

righthanded and had no reported neuromuscular, sensory or

behavioural disorders. All subjects who participated in,fhe

38
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study were from urban middle class socio-economic
backgrounds .

Apperatus. kg

An Apple 11 Plus computer was used with a NEC character
display. An Apple jé&stick which was connected to the
computer allowed the subjects to communicate with the
computer. A computer program generated a\target which
appeared on the screen. The target was a 1X1.3cm rectangle
which moved af a constant speed, and could form various

'.;hapes. such as a square, circlé. bean shape and figure
eight. A smallér filled square .3X.3cm was controlled by
the subjects via a joystick conneqied to the computer. The
computer screen was p laced on a desk and the joystick was
st;gilizeq,in front of the mid-1line of the student. The

experimenter was seated beside the subject and controlled

the experimental protocol by way of the computer keyboard.

Procedures .

Pretest Session.

Once subjects were se‘l.ﬂ they were asked whether they
hadfheen or used a computer before. If not, then a brief
introduction was given ’egarding how fhe computer and the
joystick operated. Following .this introduction, all
subjects were given the instructions for the prefest
session. These instructions were as follows:

“Wheh you hear a beep, the target (experimenter
indicated the target on the screen), will start
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.moving.' You also can see that the smaller dot will
move when you move the joystick. O.K., try to move
.+t now and see if you can keep the dot on the |
moving target. Yeu should try to keep yout dot on
the moving target for as lon? as the target moves.
Do you have any questions? f not you will start . |
when | say "hold the joystick", and you hear the. . t?
"beep” and the target starts moving. Remember try =~ *t %
to Keep the dot on the moving target for as lonq ag / 7,

__the target is moving™. . ‘«ff'~

‘:" .‘. ) ‘ -
-wu.Jiikfﬁ'tﬁ_,

o8
by

N

In the pretest session as well s thelexperimenta)‘
condition the subjects were seated in front of the screen
with the joystick in froni of Ehem. They were allowed fo
use only their: right hand to move the stabilized joystick.:
The joystick was at a standard height for 8ach child based - *
omthe child's sitting height. ‘The targei appeared on the
screen (simultaneously with' the cursor), and started moving* !
on a predetermined pa‘th. It moved for 2Qses;~ fwand the ~
subject had to track the target with the curs%i{ trying to
center the cursor on the moving target all the time. There‘
was a 155e9.jnterval déring which the computer recorded Ihe.
data of the previous trial before the next trial began. The
experimenter motivatea/the subjects after every thibd‘trial
by saying, “"Good work, remember Keep your dot on the
target”. Thirty p;atest tnjafs were given to each student.’
The shape to be tracked was a non-geometrical figure (see
Appendix A). An ipitial thre€ way ANOVA'was applied on the
pretest data. The first six subﬁects that obta?hed the best
tracking scores during the pretest were then classified as

the skilled group and the second six subjects as the

non-skilted group.
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- Based. on the above~classification, the resulting
experimental design for the pilot study included an age
variable (6, 8, 10.years\of egeW. a skill categéry‘variable
'(skil;ed, non-skilled), a treatment variaéle (control,
declarative Knowledgeaiqstructions. and metacogniffve
know ledge inetructions). and 45 trials. The shape to be
tﬁacked wes a figure eight (see Appendix B). Thus, the data

" were analyzed by a 3(age) X 2(skill Jevel) X33(treatment) X
45(trials) hnalysws of wvariance with repeated measures on

‘the last fjctor .

Experimental Session.

7 “Three experimental conditions were used during the test
session. First, the same instructions were repeated foriihe
testing session as for the pretest. For the control
cbndition no further instructions werejg1ven excebt

"remember Keep your dot on the target whenever it is “
«

moving”. For the second cond1t1on the following declarat1veJ-~m

;Knowledge/fgstruct1on was given: %ﬁ

}{you should keep in mind that the target will be
following agfigure eight path as it moves on the
screen. Remember, the target will be making a

figure eight shape Keep your dot.on the target
whengver it is moving' SR : .
< s
For the metacogn1t1ve,cond1tlon the 1nstruct1ons were ass.

"The target will be making a.path of .a shape that
you know. If you can find the.shape that the,
target is mgking it should help you keep your dot
on t arget. So, try to figure ouf what the
shape’hs,; but remember. Kkeep your dot on the target
whenever it is moving"-
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" At the end of the 45 trials all subjects were shown a
sheet of paper where there were 8 shapes (see Appendix C).
The students had to identify 4 of the shapes (rectangle,
figure eight, circle;gig}égaT;TT\zg a test of heclarative
knowledge about shapes. None ;f the subjects failed to
identify the shapes.

C. DATA COLLECTION. ,

The points of the target and the child' s response were
recorded as X.and Y values. The difference between the XY
of the target and the XY of the child’'s respons; was
calculated separately for each data point. The above
-difference between the targét’s XY and the'résppnséTS*XY, a
and b, made up the fwo sides of a right angle triangle whose
hypoteneuse was calculated and was used as'?ké direct

distance error of the child’'s response from the target.

D. RESULTS.

The above distance measure averaged over ten trials
"(16-25) was uséd as the dependent variable to determine
: tracking performance. The first 15 trials were considered
- to be learning trials. During the last 5 trials the
subjects reported that they had started to feel tired;

therefore, based on the feelings of the subjects and a

6 25

visual analysis of the data, the ten trials. from 1

were chosen for analysis 8s theyA}éflgcted the mos(t sta&]e

v
» -

tracking performance.}\
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For the 6 year old girls, the subjects’ mean scores
ranged from 6.16 to 10.36 and the average mean score was
8.88 (see Table 1). For the 8 year old girls the subjects’
mean scores ranged from 5.96 to 12.26 with an average mean
score of 8.62 and for the 10 year olds it ranged from 4.49
to 8.89 and the average mean score was 6.30. Two skill
groups were formed out of the total nuhber of subjects in
each of the three age g}oups. based on the results of the
distributions presented in Appendix D.

- As indicated earlier, the experimental design had: 3
age levels, 2 skill groups, 3 expgrimeﬁtal conditions and 45
trials. The results of the four way analysis of variance

with repeated measures on the last factor (trials) pags g

completed on the distance error scores and it is y é% in
Table 2.
As indicated in Table 2, the skill factolWiasinot.

significant; however, it was nearly so (_F_(1,60)=3..‘03,g<.10’).

& .
.The ‘age effect was significant with. the mean error scores

being significantly less for the grade 5 group in comparison

to the grade 1 and 3 groups. There was no difference
between the two younger groups. Unfortunately the
instruction effects were not significant; however, there was
a significant trial effect. Even though the trials factor
was significant, a visual'analys{s of the trial means did
not provide any meaningful interpretation of this factor as

the means varied greatly across trials.

&3



TABLE 1

Mean Pretest Error Scores for C.rls 1n Pilot Studv.

Grades Sub jects High Lo Average
Score Sczore Score
¥ -
1 12, 6.16 10. %= 8.88
3 12 5.96 Ci2.2% 8.62
p) 12 4.49 8.:2 6.30
v, il
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y
E. DISCUSSION OF THE PILOT STUDY.

The results of the pilot study indicated that the task
was for the most part an appropriate one in that it resulted
in individual differences and fairly consistent age
differences in tracking performance. The results indicated,
however, that despite an age main éffect there was no skill
leve® effect. This was attributed to the small number of
sdbjects in each age group (n=12); henéé._only two subjects
were in each cell of the design at each age. It was also’
battributed to the fact that the groups were determined by
dividing the total number of‘subjects, within each age
group, into two groups without the benefit of a mid-;ange
group. Therefore, the range of scores for the skill split
was very small. It was decided that in the expeiimentald
study the two skill groups would be chosen from a large?v
range of performers so as to ensure skilled- novice .
differences.

The most valuable information was obtained through the
post-treatment interviews. The interviews of the subjects
following the testing session revealed that the children
were tired after they had completed 45 trials hence, they
had a hard time focussing on the task during the later
stages of the experiment. Also, the ' joystick’ used to
monitor the cursor on the combuter screen was too sepsitive.
in that small movements of the hand produced large moveMents

of the cursor on the screen. This made it extremely

difficult for the subjects to move the cursor smoothly,
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resulting in greater error in their tracking performance.'

In summarP. three\important adjustments were made
before proceeding to tha experimental study.

The apparatus was replacﬁd with one that could be
programmed to collect more data points as well as eliminate
error due to poér mapping of the cursor with the ' joystick'.
The Bumber of iterations was reduced from 45 to 20 so that
subjecfs would not get as tired. Also, the leng}h of each
iteration was reduced from%45sec to 15sec. Finally, a more
sénsitive tracking measuri (Root Mean Square error) that has
been widely usgd, and is /vighly recomended by many
researchers | Pi

1ton, 1974; Franks, Wilberg, & Fishburne,

1982), was chosen for the experimental study.



IV. CHAPTER FOUR: METHdDS FOR THE EXPERIMENTAL STUDY
¢
A. GEWERAL METHODS.

In the experimental study a two-part research plan was
used. An initial pretest session was conductqp to establish
tracking scores of the grade 3 and 5 subjects. Skilled and
novice subjects were then se[gcted from each grade. These
subjects wefe then randomly assigned to three conditions
(con;rol. declarative and metacognitive) for the final test
session, yielding a 2(grade levels) X 2(skill groups) X
3(instruction conditions) X 20(tcials) Eesearch design. In
the following pages the genera) description of the subjects,
the apparatus, and the testing procedure is presented
followed by a specific description of the pretest and the

experimental test sessions.

é. EXPERIMENTAL TASK

The reason for using a tracking task is twofold:
1.7t is a task which is included in the culturaly normative
skills of today’'s young children and fullfills the |
requirement of being an ecologically-valid task with which
to measure one aspect of motor development. Video games and
home cdmputers are a common phenomenon and many children
have play?ibgames which require tracking of a moving target;
and, 2. tracking tasks involve a gfeat deal of redundancy
and it assumes a certain amount of prédictability in

learning and performing the task due to its regularity

48
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during and over the trials. Therefore, it is suitable to
test Lhethér learning takes place and the kinds of general
and specific strategies used by the individual in order to
perform the task (Poulton, 1957). Another advantage of
using this tracking task is the ability to simultaneously
record thé position of the targei and of the S’ s response
positions at any given point and time (Poulton 1957). Also
difficulty and complexity of the task can be varied along

various dimensions.

Sub jects.

The subjects who participated in the study were
enrolled in three elementary schools within the Edmonton
Public School Board, during tt.2 academic year 1985-86. Only
right handed girls as determined by writing hand prefereﬁce-
and teacher assessment, from grades 3 and 5 (mean ages, 8.08
and 10.07 years), were involved in the study. Age ranges
were restricted to 16 months to prevent overlap of grade 3
and g subjects. All subjects involved had no apparent

neuromusclilar, sensory or behavioural disorders.

'
Apparatus.

An Apple Macintosh computer with a "mouse" was used as
the device to measure tracking performance. The computer
program generated a dark dot (1cm in diameter), as the
moving target to be tracked. A cross of equal size acted as

the cursor which allowed the subject to track the moving
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target via the "mouse’.

The computer screen was located on a desk directly in.
front of the subject. The "mouse" was carefufly placed each
time on the desk in front of the subject’'s mid-line. The
seat was adjusted so that the subject was at a comfortable
height. The experimenter was seated beside the subject and
controlled the experimental protocol by means of the

computer Keyboard.

Procedures.

Subjects were tested during the school day and they
were taken out of their classroom one at a time. Once
subjects were seated they were given a brief introduction to
the way the computer andothe "mouse” operated. Then they

were given the following instructions:
’

"Notice that when I move the mouse on the desk the
cross moves on the computer screen and it goes
wherever 1 want it to go. As soon as you move your
cross and place it on the dot and push the button
on the mouse once, the dot will start moving to
differgnt places on the screen. [ want you to move
the cross with the mouse and take it wherever the
dot goes.

. You have to keep your cross on the dot, if you
can, for as long as the dot moves. Before you
start, | am going to let you watch the dot moving.
Do not do anything, just watch the dot". (Once the
dot started moving), "see, you have to move the
cross with the mouse, like this and try to keep it
on the dot, if you can.

If it is too hard to keep your cross on the
dot, try to keep it as close to it as you can. You
have to use only your right hand and you will start
your own games by pushing the mouse button once.

Do you have any questions? If not, remember do not
stop moving your cross unless the dot stops moving.
Hold the mouse, ready, push the button, go".

A1l of the subjects understood the. instructions and seemed
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to have no difficulty controlling the 'mouse’.

“+

C. PRETEST SESSION.

Sub jects.

One hundred girls were tested (50 at each of the grades
3 and 5), to determine their tracking performance on a
non-geometric shape. In transfgrring their data from the
Macintosh to the MTS, the scores from the 11 subjects were

[N

lost, Jeaving 89 subjects in the study.
Apparatus and Procedures.

The apparatus described above was used to test for
initial tracking skill. Thé general imstructions were
repeated to all subjects. Fifteen trials were given to each
subject, the first two of which were demonstration trials,
where the subjects were only observing the moving target.
The following three trials were considered practice trials
and they were not included in the data analysis. The target
moved for approximately 15 sec., following the path of a
shabe that was not easily identifiable. There was a 3 sec.
interval in between the trials during which the computer
recorded the data. Subjects initiated their own trials.
Reinforcement was given‘after the 5th, 8th, tith, and 14th
trial by saying, "good work, stay on the dot if you can.”

Only the last ten trials were used to c¢alculate the.

Root Mean Square Error (RMSE), for each trial. The mean of

>
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these ten trials’ RMSE was calculated and used to determine
the subject’'s level of tracking pd"érmance. This
information allowed the Qubjects to be placed in two skill

categories: the skillengyu RAQroups within each of the

two age groups.

Results.

The results of the pretest séssion are presented in
Appendix E. The mean perfofmances for the two age groups
were 37.99 and 28.85 with Standard Deviation;'of 15.16 and
10.66. Visual inspection of the data showed that three

subjects in grade 3 and two subjects in grade 5 were well

outside the normal distributi ores and were excluded

from the pretest sample. Sub s with the top 15 and
bottom 15 scores in each grade were included in the target
sample for assignment to the various experimental conditions
of the study. Table 3 summarizes the data for the remaining
subjects. The means of RMS error scores for gréde 3
subjects (n=44) ranged from 21.64 to 56.96. The scores of
the 'skilled group’ (n=15) ranged from 21.64 to 32;57 and
those of the 'novice group’ (n=15) from 39.93 to 49.58 (see
Table 4). For the grade 5 group (45 subjects), the total
mean RMS Error scores ranged from 16.88 to 46.91. The
scores of the skilled group (n=15) ranged from 16.98 to

25.63 and those of the novice group (n=15) from 29.39 to
42.57.

N -
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TABLE 3

4

Mean Pre:sst frror Scores for Subjects in the Experimental Stud

'
Grades Skilled \ovice " Subjects
3 21.64 %56.96 44 '
5 16.98 $6.91 45
TABLE 4
°
’ «

High and L:a-Pretest RMS Error Scores for Subjects 1in the
Experimentz] Steidy: Jpvige Groups.
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D. EXPERIMENTAL TEST SESSION.. <’ -
\ Subjects. - U

we The 15 subjecis with ths best mean tracking scores and
the 15 subjects with™ the poorest mean scores were selected
~ from each grade.to‘make up fhe sample for the experimental
phase of the study. Thus, 60 ofsthe initial 100 subjécts
{30 in each of thehgrades 3 and 5), were placed in two
gro:ps,~the skiltled and the novice groups, based on their
pretest tracking scores (see Appendix E for raw scores of
all groups’). .The subjects in each of the two gradgs and two

Cskilt grodps were randomly assigned to the three instruction

conditions.

Apparatus and,Task.

The same apparatus was used as for the pretest. The
taibdﬁas ghe same, but the path of the target to be tracked
was changed to- that of a figure eight . lying on its side.

The exact shape of the figure eight is presented in Appendi x
B. A computer program recorded both the position of the
target and the sugject’s‘response in terms of XY
coordigates. There.were_285 data points for the c;iterjon
comagied to the 285 data points of the response, with time
Heft constang across data points. The difference of the

cr}}grion XY and the response XY coordinates was calculated.
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%iébcedures.
‘ : 5 .
Subjects were randomly assigned to three experimental
o

condi 'The first condition (condition I) was a.control
¥

' ¥ . . .
condi in which instructions were given as they were in

thé pretest. . ’

_- The second condition (condition 11}, included a~
demonstration trial in which the subjects could observe the
target making a figure eightvpath. Thé'trace of the pathway
(the figure) was visible on the screen ¢§i only one trial.
Subjects were given the following instructions: "the target
will follow a figure eight path. Knowing the path you
should he able to track the target easier.”

For the third condition (condition 111), sub!%cts were
given the following instructions, "the dot will %e following
a path of a figure thét ypu knqw. I1f you can find out the
figure the.target is drawing it should help you tQAKeep your
cross on the dot. So, try to find out what the figure is."
A1l subjects Jin all experimental groups were reminded that
they should try to keep their cross on the dot whenever it
w;s moving. Reinforcement was given after the 4th, 8th,
12th, 16th, and 18th trials, by saying "good work, try té
Keep your cross on the dot". |

: (4
E." RESEARCH DESIGN.

| The reéearch design for this aspect of the study was a
2 Wgrade level) X 5~(sk111 group) X 3 (instruction

PR Y

cond1tions) X 20 (trials]) in which subJects were randomly

Vo ’
v ’ . ‘

. .
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-assigned to the three instruction conditions.

{

.
The Dependerit Variables.

The first dependent variable Qas the Root Mean
Square(d) é&rror (RMSE). RMSE is.a displacement,measureqent
and thus ii provided information of how far the(response

cursor (chlld's response) was from the target (criterion).
It is the sPhndard measure for track1ng performance and it
is recomended by a numbe rof researchers- in tpe field.

Poulton (1974) describes RMS with the formula shq“g:below.

o

y 'RMSE = Et:,:éd.

|
wﬁgke e is the difference (error) between the stimulus and’

the response,measured in units of 1.85mm at data point d for

trial i, and n is the number of data points per trial, i.e.

285 for a full trial and 35 or 36 when the figure i$ divided‘

into eight sectors.

A S
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The second dependent variable used was the number of direct
hits of the cursor on the target. For the purpose of this
dependent variable a ‘window’ of 2 units was established

surrounding the X and Y coordinates of the target. . ° . N

*



V. CHAPTER FIVE: RESULTS AND DISCUSSION.

A. INTRODUCTION.

Two main Questions were posed in this study:"
1. Does skill in tracking a moving target increase with
abe? If so, can children in each age group be separated
into novicé and skjlled traéking performers? '
2. -When tracking a familiar pattern such és the figure
eight used: in this study, do the girls in the novice and
skilled groups at ages 8 and 10 differentially respond to

Y

the following three instructional conditions: .
a. a control condition in which the subject is ‘
simply asked to track the moving target,

b. a declarative condition in-which the subject

was shown the figure eight pattern that was to be

tracked, and ; J’X '

c. a metacognitive cpad1t1on in whxch the

subject was asked to track the mov1ng target

but with the additional suggestion ghat the

pattern to be tracked was a shape familiar

to her? ¢

Based on the knowledge-based approach to motor
development it was expected that:

1. Grade 3 and 5 novice groups-wou'ld differ in terhs of-

error scores in that grade 5.girls would perform better

initially based on their broader experience. Very little

improvement was expected over trials for these groups.

59
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2. Grades 3 and 5 skilled groups were expected to benefit
from instructions more that their unskilled pég?s.

3. The grade 5 girls, novice and sKille&. Qé?g :!bected to
improve performance considerably in the earljé§f1};§'of~52e

experiment. Grade 3 girls, because of fewer mé}p&ani&j

skills, were expected to improve their performaﬁéé more
gradually. ' ‘

4. Across all groups jt was expected that the declarative
instructions would benefit performance more‘thah the
metacognitive instructions. : .

5. In the skilled groups‘ése per formance of the

metacognitive group should approach that of the declarative

group in the latter trials because of recognizing the shape

X

being tracked.

As outlined in the last chapter, data were collected in
" a pre-test tracking performance session on a Maclntosh
computer system. Novice and sKilled groups were establishea
based on these pre-test re;ults. Subjects at ages 8 and 10
were placed into novice and skilled groups and subsequently
randomly assigned to the three following instruction ,
conditions: control, declarative and metacognitive:

Two major dependent variables were used in this study.
First, the Root Méan Square(d) Error was selected as the
primaryﬂdependént variabi“ln order to ref]ect accurate and

.precise fracking behaviour as recomended by Poulton (1974)f

and Franks, Wilberg, & Fishburne (1982). N
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The secondary dependent variable was the numbef of
times on target. This dependent variable reflects tracking
per formance to some extemt; however,it certainly is not a

valid measure of tracking perfgrménce on its own. It is

included only as a supplehent to the root mean square error

dependent variable.

The results and discugsion related ta’the above two
¢

questions will be presented follows.

Chapter fourvdescribéd the ans by which the ﬁovice
and skilled groups were §elected. The initial section of
this chapter reports on the preliminary analysis which was’
completed on the data and the actions taken to correct
outlying error scores. Two major sectiohs follow, one based
on the results related to the RMS error means and the second
based on the number of times onyfarget dependent variable.

Within each of these two sections, task factors are
initially presented followed by subjeétlgnd experimental
condigions factors. Comments from fhe anecdotal réédrds
kept on’the girl’'s performance are included where they help
clarify or support the discussion. A general discussion of
the results Qith implications for further study of skill

acquisition from a Knowledge-based approach iS‘praQided at

the end of the chapter.
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B. PRELIMINARY ANALYSIS.
- The first dependent variable, that is, RMS error was

calculated for all 20 iterations for each subject. An

initial Analysis of Variance (2 grades X 2 skill groups X 3

-instruction conditions X éO iterations), was run on the RMS

error scores. Table 6 on page 74 presents the results of
this analysis. The first step in the analysis was the

completion of a preliminary analysis of the data to examine

- the distribution of RMS error scores generated by each

subject over the twenty trials. Using the mean and standard
deviétions associated with each iteration within each cel?
of the design, the individual means of each subject on each
trial were reviewed and extreme scores which were two\
standard deviations above or below the mean of that
partjcﬁlar cell mean were replaced by the median error score
for thay subject on the twenty trials under the same

instruction condition. Scores were replaced & 3.8% of the 5’

data. Once this preliminary analysis and revision was done =

the foliowing analyses were completed.

i
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C. PRIMARY DEPENDENT VARIABLE: ROOT MEAN SQUARE ERROR.

Task Factors.

Tracking Performance over Irials.

Figures 2, 3, 4, and 5 present the root mean square
error means for tﬁe four gfade-skill groups; namely, the
grade 3 skilled and novice groups, and the grade 5 skilled
and novice groups respectively under the three instruction
conditions over the twenty trials. The most striking
feature of the skilled girls, no matter which grade, is the
“relative consistency of pgrformance across the twenty trials
regardless of the instruction conditions. In contrast, the
novice group at each grade level shows marked variability
between trials no matter which of the instruction conditions
is considered. '

In considering the data in Figures 2, 3, 4, and 5, it
is clear that the level of skill within each group is a much
more important determinant qf'performance than is the ,
chronological age of theaéﬂpgsc}s. In fact, the skilled
gréde 3 groups are less variable than the novice grade 5
groups, and the accuracy of their tracking performance is
similar to that 6f-their older skilled counterparts. The
grade 3 novic‘?éroups are certainly less skilled than theiE
grade 5 counj@%;arts; however , the inter-trial variability
in perfor@gngg‘is very similar in both the novice groups
regardles; of age. This rather high degree of inter-trial

variability must be kept in mind when interpreting the
~ WY |
\K :

L 3
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®
results of this study.

These results provide g}rong support for the inclusion
of the skilled and novice groups within zﬁe design of the
stupy: however , the{inier-trial variabifity found in the
ergor scores of all of éhe novice instruction groups
probably reflects the fact that the tracking task was too
difficult for these §ubjects. Unfortunately, the cost of
having such a high degree of inter-trial variability is to
decrease the likelihood of finding significant instruction
effects within the experiment.

Tracking Pérformgncg over Sectors.

It is interesting to note in Figure 6 that the two

.lowest RMS error means are found in sectors 2 and 6 (the
break down of the tracking pattern yielded eight sectors as
demonstrated in the legend of Figure g. A consideration of
the hand motion of the girls”when tracking indicates that ¢
they were tracking the target tow;rds the centre of the
screen in sectors 2 and 6. In these sectors: the girts
ﬁrobably had established a mental ihage of the tracking
pattern and so were able to use the centre of the figuré
eigh;, aﬁd the screen, as an anéhor'pojnt to help them track
the target more accurately in these sectord® The lower, RMS
error means in sectors 2 and 6 support !'Eh view.  Further
analysis of Figure 6 indicates that the girls found the path
in sector 5 quite difficult. This wasa

- \\qu)
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V
probably due to the change in direction that was requ1red at

the beginning of the sector The relatively high RMS - error

in sector 8 was probably due to overshooting the target as

visual observation of the girls’ performance supported ;he ‘%Q
fact that they had a clear mental p1cture of the track1ng
pattern but in mov1ng quwckly to reach the end point of the
target their performance defefiorated. | ..

W1th.the asgve ta!k dbctor resuits at hand, N
presentation and d1sqdii\dh ot the results due to subJect
and instruction factors will be made S
Subject’Faétors and Instruction Conditions.

ﬁ As nentioned.earlier,kthe primary dependent variable
fdr this study was the RMS error score. Using the eorrected
error scores, a four way analysis of variance (2 grades X 2
skill growps X 3'ingtruq§ion condifions X 20 {terations), ¥
using the statistical package BMDP:2V, was run. Table 6° agﬂu
(pade 74¢ presents the results of this analysis of Qariancef
The analysis revealed highly signi?icant main effects?for
the two grades and the two skill groups (F(1, 66)=53 74, Q(_.
'05 and F(1, 60) 98 22, gg( 05). as well as’ for iterations

!

}?(1,19)-1 70, Q(’OS) The,ma1n effect for the “instruction
N A

conditions’ was clearly not sagn1f1cant however , & strong,‘

interaction between grade and skill gq&up factors and-an

: 1nteraot$on of grade g ihnlJ greup X 1nstruct1on cond1t1on

was f0und Thes% 1ntéraét ) %Lare ﬁmportant and*are
dlscussed in the nexf set\ §¢ ” ':k. ’
‘. . g

..170 4 17

© ek
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figure 7igraphically presents the root mean square
error for thefsignificant.grade X skill grdup interaction
over all conditions and trials. Clearly, the skilled gtoups
are significantiy better at tracking the tar;get at both P
. .grade levels; even more interestingly for our purposes, | . .
-there is no eignificant difference in tracking performance

A

‘between the grade 3 and 5 skilled groups. However, the final

interpretation of 'this two way interaction must be
considered in light of the significant three way grade i~’
skill group X Jnstruction condition interaction presented 1n
F1gure 8 which is discussed !n the next section. o

Figure 8 presents the average RMS error score means for
each of the groups in'the ignificant grade X skt]l group X ///’\\
mstruchon cond1t1€n interaction (F(2,51)= 3.30, g< 45)
As F1gure ﬁ shows, dtst1nctl d1fferent results were found
for the novice and the skilled groups. First, there was’no
difference petween the three>instruction conditions in both
'grades for the skilled children. This finding may reflect
the Fact that the more h1gh1y sk1lled ch1ldren under the "‘.‘w
three instruction cond1t10ns probabe‘peallzed very early on |
in the exper1ment that the shape the target was in fact
following, was a figure eight pattern. In fact, the post-
exper1Ment interview data stronglx‘supported this . [
1nterpretat1on as’ all of the . grade 5 subJects in the sk111ed

group and mgft of the ch11dren in the gzade 3 sk1&}ed group ~

reported. that they- Kq.w the sha%e was

/

%
fifth trial. = // 5

f?gure“eight by the

<
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As Figure 8 shdws, distinctly different results were

found in grades 3 and 5 fodPihe rovice group. Sinpl’e’
effects tests show that at thg grade 3 novice level  the
metacognitive group did signi-:fji&ant‘ly bet‘ter than the
control group over all trials (1(60)=2.46, p{ 01}, ag did
the declarative group (_t_'(6’0)=2.3.5. g<.025).~ | ' .

dhteresting finding which may have

considediR *YEIQENn the study. First, it r@s&ibe stated
that the'ltds @ the instruction conditions at the grade
) novige X were not congruent with the experimental

. | W
_expectations underlying the study. Howeverdy rathér than.

“simply attributing the finding to difficulties of random

Y, ‘assignement it might be sugg’e.sted that the control group did
better:' t‘hat thg other two groups because they \&e‘re old
enough to h ve developed 'track‘ing strategies of theﬁ own.

., thWhen 7 .

X .

he decla'raftive and metacognitive strategy
ips&ructiong,. were given, they had;the.effe'.,.of disyturbing

‘ the §tré"tegies' that the girls had already‘decided upon using
' to\ track the target. This may have resultgd in an agtual
Jdecrease #in tracking perfqrmance. In cont-r&\s_t the control .

‘ / : N - \ i
/ group were able to actively use their own sitrategies without
. - : . 4 ’
any instruction on them. The improved perf ®ance o the
control .g.ro‘hp. even though it is not sigan[,i/cant. might well

be attribufed to this; explanation; es‘pec‘j‘/plkly/'when one notes

the fact that, between grades 3 and 5, children gre Jqown to

develop a_nunber‘of,,coghit'ive strategies t?a use in § variety

of situations. o , T



In sum. the results shown “in Figure 8, suggest that ' C
when the children were skilled enough to recognize quickly | o
that the path of the target was a figure eight then the
instructions: condition h,a{a no effect due to the fict that
they were redundant . Qu1te sinphc. the controlggroup Knew.
what .the tracktng patt.ern'was- ear’. on in the test session, -
hence, there was no 1nstruqtlon e ect f % SR'I'H“
groups at both ages However, the results for the ‘gragé ert * d?_:;;_
‘nqvjces who were the least skilled of" the subje%tv%cre oo

. 'lxly congruent with the predictions that were made pr1or

the start of the exper1ment that is, tracking. .
' ,
performance was defm‘itely mproved when the. subjects .

aa

sealized that Jthe fIQure‘ to be tracked was, in fact. a
. f1gure e1ght . ; '-;( "
It shouid be noted that it is mposstble to,clearly
-tdwfferer)hate between declaratwe and procedural know l1edge
q" in any act1on s1t't1on however ohe can infer thaut Knowing.
that the pattern& be tracKed was. mut ,“.& eight “ }b d
certamly was a determmmg factor in the trac‘ng S
performance differences that were found. In- thea Ssame way, B
under the: metacogm tive condvtmn‘one can ?ﬂ?r that the |
chil‘dren used their problem solvmg skﬂls‘ decide that ..
) the pattern. they were track1ng was a figure eight, hence, - q

LT
improving their per formance -

St

-As the results of the analys1s of var1ance in Table 6
show, th, grade X sKill group X 1nstructton cond1t10n X S

trta]s 1nteractton was not significant. However, the: means
} , . . o ’
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associated with this four-way interaction were plotted for

visual analysis and were presented in Figures 2, 3, 4, and

. 5. The striking feature of these graphs was the high degree

of inter-trial variability within the,novice groups .

‘In order to analyse the trials effect further, another
ahalysisvof v;?iance (see Appendix 1) was completed in which
the four means over the fof’bwing trials§31-5. 6-10, t1-15,
and 16-20 were Qs‘d instead of .the twenty trials. "The
effect of using the average of these four. sections of the &
trial factor was to reduce the between ;rial; var?ﬁbivity to

some extent. In doing so, the grade X skill group X f“di

0.t

instruction condition X trials interap&fon became
significant. Figures, 9 and t0 repo;t Eﬁg\means for this
interaction. Tbe resufts for the skilled gfqybsat both.
grades support;#he earlier conclusioqiof ng’diffgfence in
tracking.performanée due to grade or to instructional

condition. The resullds for the grade 3 novice groups show

‘that the declarative and metacognitive instructions groups\

. A
maintained their performance across trials right<from the
a - .
initial phdse of the experiment. It is.intéresting to note
that ?Ne control group was‘signifigantly poorer than: the .
declarative and metacognitive groups. however, qniy the ‘
contr‘ol' group inprovéd fraﬁ the im‘tia]: set’ofv'trials to the .
last set of five trials. One might speculate that the

control group learned to recognize the figure eight after

" approximately 15 trials whieh resulted in significantly

better perfomance during the last five'trials. Again the

o

4



' fine-mot

N - 9 '
rg)u\\s for the grade 5 novice group, while they do not

supbont the earlier predictions, are congruent with the
. L)

findings presented in the earlier discussion on Figure 8.
In conclusion, research:question one can be clearly
answered. In terms of average performance ‘the older group
of grade 5 girls was better fn tracking the pattern th‘x
th‘e:ir grade 3 counterparg's‘. However, considerable support
for the notion. of domain-\specific knowledge and the effect
of skil‘l‘ level was found when the two grades (ages) were
divided inte novice and skilled groups. Quite simply, the
age differences were marked by differences in skill tha‘t

probab1 differential experience backrounds in -

Ks withih Ythe age' groups. Clear/ly more

.

empirical ev1dence‘1s requu"éd to ‘hrmly support this

explanation of stuch ‘performire” d?‘?f‘t-':rencésu

The answer to the second que§tion on whether.children’,s
age and th; two skill levels would be differentially
affected by t'he three ihSlruction‘conditi.ons mustyalso b::
qualified. Novice children in grade three ciear]x\
benefitted from the pvetacognit?"ve.(jnstruct‘ionand t?) a
lesser extent from the declarative f[\struction conditdon.

As noted earlier, the skilled gr;pups at both ages did
not benefxt“ from the instructigns. The novice‘graGeﬂS ‘group

had rather unclear results due to the rtl’atwely better

performance of this particular control group.



D S 2 '"“\T“"T""“
‘? n’.“; 5 . [ e . r . ."'.L.,,,,' 'ﬂ_';‘ . “.-
' “ ‘ N ’-l‘s' ’
D. SECONDARY DEPENDENT VARIABLE: NUMBER OF HITS.
As ment toned earlier, the most common measure of
tracking performance is the RootsMean Squarel(d) er‘or as it
reflects both the accuracy and the precision of trackinq
per formance. However, the number of times the subject-is
exactly on target (number of hit ).“‘can be used as
complementary information to the primary dependent variable.
A second :dependent variable, that is, number ‘of hits,
: ‘ )
was included in the study and it was analysed using the
.statistical package SPSS-X: UANOVA 2‘.1. The following

(R
{ ) L. ? \
results were found, after the completion of a five way

F 2

analysis of variance (grade X skill group X instructiom, *

. . \

condition X iteration X sector). As shd@#iﬁ Table 7,

siggificant main effects wore found for ‘the factors grade. , W
skill group, aqd sector. Add1t1onally, s1gmf1cant two way *
interactions were found on the follgwing factors: grade X
ihsfruction*;ohdition,’grade X sector) skill group X sector,
instruction condition X secter. Three way significant

- ) . \‘-\{
interactions were also found on the factors: grade X skill

t

group X instruction cond1t1on okill group X instruction

COnd1t1on X 1teratlon“ and sk1ll group X mstructibﬂq,

v .
On“t

condition X sector. ‘One four way int‘}actubn wtg fou?d

o,

the factors: grade X skﬂ.lﬂqﬁqqp& mstru;:ti.orfﬁ‘ "Zt

T
RETAR

sector (see Table: 7) """‘ e XRw. ” o, 42 %"’4

Perhaps the most hﬁorta ’ ‘
was the grade X skill group X- mstruchqn ¢ ft’(ion andw,lt

wiTl be discussed first. As F1gure 11 ehows, fhe

L 4 -

-~ ‘ | .
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' y % Sir
_interaction was due 1o the s 'n per‘formance of the
different instruction qopd.

ithin ghe novice groups.
The relatively high perf f the grade 3 novice
métacognitive group coupf the rolatively low
perfort;\ance of that gbou rade ;re_sult_ed in a
significant interagtion gure 11 shows clear skill groun .
and grade‘ perforjce d ’ffcrences; hpwavcr ; the only /_/\r/'

significant instruction effects were at the gpade 5 skilled

group level where the metacognifive group were better than
the control group. Surprisih;ly. in direct contradiction of
the prediqtiops at the grade 5 novice level the ’
petacqgnitive group was significantly lower than the control
ggoup. In contrast within the grade 3 novice groups. the
metacognitive instruction group per#o;hed significantly
better than the gontrol g’gbp; however, there was no
significant difference between the control and the & - .
. declarative instruction group. These results ire spme?hat
COngruePt with fhose generated by the RMS Epror analysis anq‘!
provide considerable support for the sktll group and the

grade effects, and, d! least some'support -for the effects of

' 3
.

- the instruction condition. '

‘ ! . As noted ear lier, Appendix B shows the eight sectors -

1:«};,1nto whj;h the trtcklng pattern was.divided for fur % o
analysis by sector. As shown in F1gures 12, 13, 14, and 15
the number of hits that 'subjects made varied with the sector
of the figure eight. .Clearly,faS~mentioned earlier under
task factors, héving to reverse the directibn of the

)\
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movement in sector five-neghtively affected the per formance
of the subjects. Furthermore, the ré}atively highjresults
for the subsequent sector sf& indicates that the children
were aware that the shape was a fiﬁure eight in that they

- swung back towards the cente} of . the screen quité
acCurately}' Visual observation of their performahpe also
~suppor ted thisAcontention. |

The means for the significant grade X skill group X ,

instruétion condition X sector interact¥on were plotted as
shown in the figures 12, 13, 14 and 15. Stmple effect tests
indicated that the ma jor 1nt;}act1on was between the-
declarative and metacogn1t1we gﬁBBps in the grade 5 sk111ed
level at sectors four, f1ve,,and,s1x. Other minor shifts in
per;ormance were found within the grade 5 novice group by -
the control and declarative groups at sectors two, three,
and four and again between the metacognitive and declarative
groups at sectors sevgp and eight.

[}
In conclusion, the results from the analys1s of the

number of hits support and extend the findings from the RMS
error. It is interesting to note that'the novice group
results are.yery similar to those foundﬂwitH the RMS error
dependent‘variable. > | |

It is interesting to note that with this dependent
variable the results at the skilled level are quite
suppor tive of the predictions made prior to the study in
that the grade 5 skilled group, who were given‘mptacognitive

instructions, were better than the skilled control group.
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However, this finding must bé interpreted cautiously due to "’

the earlier finding from the primary dependent‘ variable of'

L)

RMS error which was not significant. . L
‘ \



J

'E. GENERAL DISCUSSION. —

L ]
'A

\ Two factors made this develoéugptal'studyAof.tracking

skill acquisition unique. First, the subjects were divided
into skilled and novice groups prior to the experimental

“intervention. Second, the instructional conditions stem

from ‘a kn ge~based approach to motor devélopment which
suggest; that declarative and metacognitivé Knowledge are
extremely impoftant in the learning and pep¥§;mance of motor
tasks, especially when such tasks are novel o.es.

Two other factors made the study even more unique;
A 3

" First, the tracking task thaf-was used was a familiar shape,

a figure eight, which allowed the subjects to anticipate the
future path of the target relatively @asily. In contrasi to
many other tracking studies, this sfudy used a task which
allowed the subjects to generate a mental image.of the
track}ng pattern that could certaihly thp their
performance. The use of such a tracking pattern ensured
that the instruction condit%gr§ could(B?easily givg?i;that
is, the declarative instruction used fhe concept and '
familiar pattern of the figure eight and t‘e.metacognitive
instruction allowed tﬁe instructional hint that there was ‘a
familiar shape to be used. Second, the use of the Maélntosh
"mouse’ and the relatively sophisticatedfsoftware made the
task very user-friendly while also eg§uring that the \
tracking pefformance wou ld be measured extremely precisel§\

The fact that the children were tested in their familiar

"\
L, school surroundings was also an important factor in the



Vi
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study. o ' s

As mehtioned in the review of )iterature. the
knowledge-based‘approach to motor devglopment stresges tﬁbﬂ
importance of five types of knowledge about action. The
tracking performance of the girls was viewed as a -
mani festation of their procedural ow tedge in the tracking
domain while.their ability to use :Shcepts such as  the
figuréﬂeight shape and their abilyﬁvzto follow the ygrbal
instructions that were giveﬁ reflect the use of decglarative
knowledge about action. The k;owledge-based approach
emphasizes the importance of doméin-specific Know ledge thif
directly relates to the task or tasks being learhed or
peg{ormed. Clearly, the con:;pts sta‘ing on the tarfget,
Kno&Nng the shape of the/trackipg pattern anf being able to
select it out of the other shaées that\they knew, all
reflect thg impor:;nce of the girls’ declarative knowledge

base in performing this task. The study also assumed that

girls in grade 3 ané 5 would be able to use simple problem

.solving skills that reflect their metacognitive skill base.

It was assumed that because the pattern the target was
following was a ﬂamii ar shape, the girls would be able to
quickly realize thet the tracking ﬁattern was a figure
é?ght. Hence, the study was based on the interaction
between procedural, declarative,‘andﬂmetacognitive Kknow ledge
and skilis. |

The results clearly'support the i rtance of dividing

the two age groups into novice and skilkled groups.
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. Novice and skilled performers differ'in their
prdcedural skills as evidenced by differences in thi/present

scores on the random tracking task. The fact that

.

differential instructions to the skilled group Fesulted in

]

nce in'thetrf rformance, while such instructions

h} - _and pow on younger (grade 3$¥novicé
p

skilled perfonmers already

N

rformers, may indica
;ossess sufficient declarative and metacdgn1t1ve Knowledge.
as,well as metacpognitive skill, to optimize their
performance. Moderately skilled performers (such as the
grade 5 novice groups) reacted differently to these
instructions and 1t might be that at this level of skill

subjects have gégeratéd their own strategies, based on some

rdeclarative, metacognftfvé and procedural knowledge, which

may be interrupted or interfered with the provision of

L)

instructions from the experimenter. Ffurthermore, the

» N
results support a basic contention of the knowledge-based

approach, that is, domain-specific knowledge will often not
follow a purely developmental trend ase measured simply by
the age of the children. ‘The faet that the grade 3 ;killed
group was clearly more accurate, precise, and less variable
ove; trials in their tracking perfprmance when compéred to
the novice grade 5 group strongly supports this view. Such
expert-novice difference in domain-specific knowledge is
coﬁgruent with a number of other studies of skilled

per formance (Chi, 1978; Allard, Graham, & Paarsalu, 1980;
A ]
Jones, & Miles, 1978).
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As mentioned earlier, the traéking task used in this

study is a unique one. The task factor results de;bnstrate

‘ that it may be quite a valuable one to use for the study of
skill acquisition in tracking. The fact that it can be
accUrately measured, easily controlled in terms of task
difficulty, readily influenced by instruction conditions,
and is subject to predictable learning changes within the
different sectors, all speak well for its use as an
éxperimental task. The results support all of the above
factors even though predictions related to the instruct{onal
conditions that were used in this study met with only
qualified success. *

The central research question of fhis study was related
to the effects of the different instructional conditions.
Unfortunately, it must be admitted that the instruction

—conditions met with mixed success: however, some findings
are particularly important and will certainly be instructive
for future research. .

First, in contrast to the pre-study hypotheses, ‘the
skilled groups did not benefit from the instructions given.
This perably reflects the fact that the girls either were
sufficiently skilled in tracking not to 6eed to know the
shape that the targei was following, or, more likely, they
quickly realized that the target was following a figure
eight pattern and u§ed this information from the very

earliest trials. It is interesting to note that the girls

in both skilled groups, that is, in grades 3 and 5, did not



improve their tracking per formance .over the twenty trials.
Furthermore, they were extremely consistent across trials
which is a characteristic of skilled porformance

The results for the novice groups performance are
- somewhat more difficult to interpret. The results for the
grade 3 noYice grodps were in fact exactly as predicted.

The fict that the metacognitive group clearly was
signifigantly better that the control group and the
declarative group was nearly so supports the
pre-experimental predictions on the effect of the different
types of instructions. “Given the fact that the inter-trial
variability was very high in both groups it is interesting
to note that the instructional effects were sufficiently
robust to be significant.

The grade 5 novice group findings resulted in no
significant differenées amonQ the groups, even though the
control group did somewhat better than the other two groups.

In conclusion, the study demonstrates the importance of
studying de;elopmentmin a domain speci?io tasknsuch as
tracking from both a developmental and skill Jevel
perspgctive. Clearly, the grade 3 skiﬁled girls who were
two years youn;er per formed better than their grade 5 novice
pounterpérts. Fur thermore, the gtudy provides strong
support for the value of both declarative and metacognitive
instruction prior to trying to iraqk a target that is
following a femidiar shape. More research needs to be
completed on A XValue of such instruction to skilled



chilidren. . Perhaps, a more difficult tracking pattern woeald

have allowed the skilled children to use the doclarative'or ’)
P .
metacognitive instructions to improve their tracking

/

. \

per formance. *

F. RECOMMENDATIONS FOR FUTURE RESEARCH.
The following recommendations may be of help in future

research projects on this topic.

1. It would be valuable to include more complex targets and
a greater number of tracking seeeds.in futdre studies.

These targets and speeds should be more closely related to
the developmental levels of the subjects.

2. The tracking pattern should be broken down into segments
as this can be helpful when analyztng the tracking

per formance of the subjects. Clear performance differences
in the sectors of the figure eight, indicate that part of
the task are much more difficult than others, and may be
differentially influenCEd by declarative and metacognitive‘—
—knowledge. ‘

3. The motivation of the subjects must be taken into
consideration. A pretest session to familiarize the

sub jects wtth the operatiohnbf the computer -is essential.
Care must be taken that the instructions do not give the
subjects the feeling that their efforts are part of a test
Knowledge in the affective domain may influence performance
differentially for skilled and novice performance.

4. It should be nated that some children-really enjoyed



. w
“ : o4

» / .
” <
using the computer while others were friqhtonod‘by it. -

CIoarry.‘éaro must be tsken to reduce or account for this

" factor. N

5. Future studies should include a wider a‘g:yango and
perhaps some adult performers in order to establish better

boundary cond{tions fdr the task.
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The Test for Declarative Knowledge of the Shapes
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APPENDIX D

Pretest Error Scores for All Subjects who Participated in:the Pilot

Study

Grade 1 Grade 3 Grade 5.
6.16 5.96 4.50
7.48 6.10 5.32
7.94 ‘ 7.28 5.55
8.33 7.31 5.69
8.47 7.61 5.75
8.56 8.34 6.51
9.23 9.05 6163
9.62 9.29 - 6.79
10,01 9.43 . 6.83
10.18 9.47 7.05
"10. 21 _ 11.34 7.22

~10.36 12.26 8.89
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¥ 4
Grade 5 . Grade 3
16.98 21.64
18.12 f 22.69
18.46 23.14
21.25 24.02
21.67 ‘ 25.70 ™~
21!86 ' 26.15
22.47 27.14
22.48 ’ 27.95
22.82 28..8
22.9C 29.55
23.39 - 31.10
24.22 ) 31.34
24.42 31.73
24.67 32.22
25.33 A 22,27
25.70 33.20
26.10 33.28
26.25 34.15
26.45 35.65
26.56 36.11
27.06 37.35
27.14 37.74
27.15 . 38.36
27.44 38.89
27.77 39,78
28.60 39.93
28.81 : 40.57
29.3 40.53
29.47 42.27
29.90 42.27
32.12 . A 42.73
32.27 43.45
32.87 45.66
34.70 - 46.08
35.21 466.26
36.40 47.69
37.56 47.87
38.28 48.40
38.31 48.55
40.15 49.08
42.27 52.48 R
42.57 54 .89 (
45.43 55.67 ¥
46.91 - 9%6.96
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APPENDIX G

The Letter to the Teschers.

Desr Teacher,

I am a doctorsl student in Physxcal Education working with
Or. A.E.Wall, Chairman of the department a’lﬂhysxcal Education and
Sport Studxes, at the University of Alber W
development of motor skills and particularly in the development of
fine-motor trescking behaviours.

My project is concerned with the manner in which children use
their knowledge of different shapes to qguide their movements in )
tracking situations. Specifically, I am asking two questions:

. Does age affect the development of tracking skills:
2 How does the knowledge of shapes affect the tracking perfromance
of girls at ages. 8, and 10.

A Maclntosh computer presents the target (dot) to be tracked
A cursor is controlled by the 'mouse’' linked to the computer. The
girls track the moving target for twenty seconds each trial. Their
errors are recorded by means of X and Y values in relation to the
target. The girls will complete approximately 40 trials in two, ten
minute each, testing sessions. The children who participated 1n the
pilot study certainly enjoyed the task.

The results of the testing will be kept strictly confxdent1al
and will be used only for research purposes.

1 require 100 girls, fifty in each of the following grades:
Grade 3 and 5. The girls who will be involved in my study should
have no visual impairements, no neuromuscular problems, nor have
emotional or behavioural difficulties. The girls should also be of
normal intelligence. We certainlv would sppreciate qour help with
the selection of the sample.

I realize that this is a busy time for vou, however. I will
try to do my research as ®fficiently as possible and with as little
interuntion of you, your schedule and your students as 1s possible.
Thank you very much for attending to our request.

Sincerely,

Demetra Koutsouki

121
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The Letter to the Parents.

........................... e T LY Ty pipipsge P T T

Dear Parent, . ‘

1 am invodved in a doctorsl research projett at the
University of Alberta that 1s concerned with the gevelopment of
fine-motor control in children eight and tem yefof age. | am
interegted in how childzen lesrn to track a moving target on a
computer screen. 1 use a Maclntosh computer to present the task
to be learned. A dot moves on the screen and the children have
to move the(computer 'mouse’ to follow the dot. The children who
participated—iv the pilot study certainly enjoyed the task. The,
children wil]l be performing the the task for approximately
fifteen minutes. The principal of your scholl hss reviewed the
project and has given his/her approval to it. The scores that
I will obtain from the project will be kept completely confident.a!
and they will be used onlv for research purposes.

I do hope that vou will allow your child to participate
to the project. If you have any questions about it, please do
not hesitate to contact me at. the number 437-2005.

Ve

Sincerelv,

. Demetra Koutsouk:

')

o~

Plesse p}in€>the child's name and birthdate -~-ceccceec-vcecac--

- —— T - - = D G W s D WD A S Gy e Y T am R e W A R e

Sign one,

I grant my permission-----ccceecoecesaresmmmconacecmaecmeomsno~

] do not grant my permMisSSiON -s--=---e-wmcecscccacecooonoomooo-

.
) -
40, .,



