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ABSTRACT

A growing number of investigators have underscored
] 1 M
the importance of the resources an individual briogs to

bear on not only the performance. of ‘a novel task, but its

.

acquisition, and more generally, the concomitant effect

'

on the total development of the individual. The

objective of this investigation was to create a situation

inWhich the interaction between the resources 4 pnrgon
brings to a task and the expression of those resources

could be observed.

A series of 4 experiments were performed using 72
Y ’ .

female swhjects aged 5, 7, O, and 11 vears. An indirect

e

. . . v : 4 .
aiming task was used. ' Fxperiments 2 and 4 were designed

to tap predominately declarative knowledge (knowing what)
’

of the task and experiments 1 and 3 were designed to tap

. preddminately procedural knowledge (knowing how) of the

task. Assuming performance was reflective of ishjects'

\

understanding of the task, subjects were classified as
. “\.
low, medium or high knowledge in each experiment.

As expected, age trends were clearly apparent both

_ . qualitatively and quantitatively. :With age, sybjects.

reducd their error scores mo;\\rapidly and diplayed

smaller absolute error scores. While a lack of younger
‘ .

subjetts in the h{gh knowledge category and older

subjects in the low knowledge group made it difficult to

1

-



determine whether such changes were linked to knowledye

ences, the strategies

differences or develoupmenta

used by subj}cts seemed fly tied tgythallcvel

of'khowlegﬂe. For the low knowledye. subjec

“
*

younger children), strategies were hased on repeated
data-driven interactions with the environment. For the
high knowledge_gubjects (mainly older children),

13 “ . - .
strategies were based-on pre-determined action sequences

themselves baéed on a conceptualirule structure,

I't was suggestedfthat t;o levels ot control could be
identified. Th; first level, or orienting phase,
depended heavily on the declarative knowledge of the:
subject. For those who had ;ot yet acquired the
necessary knowledgo/lhoth declarative and'procédural). -—
their agtion scquonc‘s'wero characterized by great
variability. In the second level} or refinement phase,
the focus was‘ép perceptual factors associated with

{ :
determining the degree of adjustment needed to.decrease

the error.

Vi
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Intr

On a daily basis we ar
situations
have not necessarily learne

N .

yet we are able to cope wit

with immediate succegg, oth
Apparently then, we do have

strategics at our disposal,

draw on resources which may

solutions, even in the case

APTER |

oduction

¢ confromted with novel

or problems we must solve but.tor which we

d n‘specific solution. And

h theése situations, sometimes

er.times after several trials.
a A3

appropriate problem solving

or, at least we are able to
lead to appropriate
of a novel task. More often

than not, we are ahle to draw on past,efperiences of a

similar nature for clues to

-

logically derive an appropr
herent-within the problem

ords, we are able to use o

—

Such behavior is indicative
>
the flexible nature of the

considered a major hallmark

(Campione, Brown, and Ferra

Intelligent behaviour

. * v
a solution or ’(?

jate solutiog from

able to

information

(Anderson, 1982). In other

led learning in new situations.
>

of both the parsimonidus and
>§26n system and may be

of intelligent behaviour

’

ra, 1982).

is distinguished by an
d

understanding of knowledge and the flexible use of that

knowledge. Campione, Brown

& Ferrara (1982) define

understanding in terms of "appropriate use or ready

accés;" (p.458). However,

computers can be programmed tog.



use various heuristics appropriately; ammals can be

'

conditioned to habitually exhibit specific responses to

certain stimuli; humans too, can acquire solutions to
; -
specifiic probhlems by rote learning and applv those

1
solutions under appropriate citcumstances.  Fach of the
”

above examples may exhibit understanding in terms of

"appropriate use' and 'ready access' and  thus give the

illusion of intelligence,*but it 1s difficolt to imbue

I'd

.

each with intelligence., Markman (1981) perhaps most

clearly identifies the notion of understanding associated

t

with intelligence when she suggests that understanding
leads to inferential processes. - That is, it leads to

andAor involves transforming, extending and relating
rd

information beyond the limits of o single instance,
Pylyshyn (1978) used the term multiple access to denote
the tlexible use .of information or knowledge under

variable conditions. He also suggested that intelligent

-

4

beﬁhvior ipcludes the quality of reflexive access. ’By

: \
this he meant the ability to articulate as well as use
the relatiohship}ur, "represent the representing relation
itself" (Pylyshyn, 1978, p. 593). Similarly, Piaget

(1976) makes a distinction between 'knowing' and 'knowing

how' and suggests the latter as a necessary condition for

cognizance or understanding. JFrom a developmental

perspective Piaget makKes the observation that a child may

correctly perform a certain act but be unable to explain

how she did it, or perhaps explain incorrectly. Thus,

L.

e



there appears to exist a developmental gap bctween -
. ‘
succeeding in action and being capable of explaining it

(Piaget.\1976; De Sessa, 1981). Further, {t is clear

~

that children may observe an action but be unable to

¥

reproduce it. -~ &

Rased) on the assumption that ﬁotor akill acquisition
is in fact a form of problem solving, the same criteria
of inrelﬁigent behavior just discﬁssed, should abp}r
within the motor domain (Whiting, 1972). Within this
pqmain, two fundamental ohservations have repeatedly been
made with regard to the development of motor skills.
First, the m???ﬁ?ﬂf/;;::erns, or action seéuencos. of a
novice are characterized by great variability. As skill
is gained the performance becomes increasingly more
consiste and stable such that on repeated trials the

basic pattern remains essentially unchanged. Secondly,

associa&eﬂ/jzz;\ihe de(elopmbnt'of consistency is a

“ )
concurrent- development in the flexibility with which the

skill can be performed (Glencross, 1980). Fsidg a tennis

player as an example, the expert performer is able to

~A ~
adapt to variable conditions, e.g., court conditions or

playing styles, and successfully execute a stroke on a
L}

consistent basis. The novice, even under constant

c®nditions, will have difficulty keeping the ball withiﬁ

L
’
the court boundaries, Further, the skillful player is

able to demonstrate greater versatility with her stroke,



manipulating, for instance, the direction, veltocity and

spin of the ball at will. She is also able to recognize
’
and use the same stroke for different strategic purposecs,

Intuitively, it would seem that the skilled player is

A\l
rable to adapt and bring under her control a far wider

range of extraneous variables, to the novice such

variables act as annoying and disruptive intrusions,
,

v

.

What is transferred in these situations that allows

the skilled performer to choose and execute the same
! .
basic pattern under variable circumstances? 01, more

simply, what is learned by the skilled player that the

»
0

novice has not yet acquired? A growing number of

2

.investigators have emphasized the strncture‘:lnd ,

development of the knowledge base as important components

in the study of learning. They underscore the Ymportance

of the resources an individual brings to bear on not only
the pérformance of a novel task, but its acquisition and,
more generally, the concommitaﬁt effect on the total
de;elobment of tﬁe individual. As noted by Flavell

(19%1), not only does our extant knowledge determine our
. ’ ’ ‘

current state, but it, "...shape[s] what and how we learn

and remember“ (p.273). Chi (1978) for example, in a

classic study in wQ?ch knowledge was manipulated

independentﬂykof age, fophd'adults with limited knowledge
of chess were unable to memorize as many chess pieces .as

10-year-old children who had an extensive knowledge of )

-



4

{

l
chess, Further, the gdu]ts required a $réater number of
trials to'memorize the chesé ﬁoard po§1t39n§ than the *
children although the children could memoﬂtze fewer
digits on a given trial ;nd required a greater numbher of °
lz}als to,Lea}n 10 digits than ti‘ aﬂulté. Know]edge..in
this ;asc. was the primdary determinant of perfo;mance.
“not age. A simi]af pattern of very robust effects has
been found in such areas_as doccer (Naus and Ornstein,
'1983); basketball, vo]}oyha]l and field hockey (Starkes
and Deakin, 1984); phy;ics (Chi.'Feltovich, and Claser,

1981); chees (Siﬁon and Newell, 1972) among others.

J

-
.

As notoa by Kail and Bisanz (198Z), the way in which
knowledge has been described varies among theorists. To
a very large extent the organizational characteristics we
choose to accept (at;leaSt m;taphorically) are dependent .
upon the level of analysis we cho;se to use (Kugler,
Kelso and Turvey, 1980; Farah and Kosslyn, 1982).
Moreover, different concept.representétions and concept
formation processes may'be used by individuals at
different developmental stages (Bruner, 1965£ Piaget,l
1970) and/or under different learning condit%;ns (Farah
and Koslyn, 1982). A common theme'ruhning throughout

most hypothesized structures, however, is that knowledge

is stored in terms of generic concepts at various levels

of ahstraction.



The question of the level of representation in the
motor domain has heen reviewed by Newell'(197H), Barclay

and Newell (1982) and Stelmach and Diggles (1983%. The{ﬁ ,

suggest thatlthe main“theories of motor learning have

L]

— _
focused on the regulation of movement patterns as opposed

to the concept of ad&ions. Newell (1978) makes a

distinction between movement and actions,

[ ]

Movements generally refer to the motion of the hody
and limb produced as a consequence of the ®patial
and temporal pattern of muscular
contractions...actions are identified by the poal to
which they are directed (e.g., open the door, lift
the weight, etc.) or by specifying certain criteria
to which the performer complies in what he does...as
a consequence a variety of potvnliﬂ] movement s may
be generated to complete any one act (Bernstein,
1967), and by the same token a variety of movements
may be identified as a paxticular act (Mischel,
1969) (p.&2). )

-

\

It is intention which differentiates action from movement

and i\s characterized by, "anticipation of the outcome,

selection among appropriaté means for ;chievement of the
act and sustained direction of behavior during deployment
of the means" (Bruner, 1973, p.2). This implies thHat a

knowledge base, from which plans may evolve, is necessary

for acts but is not necessary for movements and—further,

. [ .
that a series of movements may be incorporated into_ a

'Qlan to make up an action.

As Stelmach and Diggles (1983) note, there has

developed a polarization in the study of human motor



behavior between the processes that, "contribute to the

formulation of the intention to move or the plan of

o

action" (p.85) and those involved in the specification
and execution of those plans, In general, the current

i
theoretical view points towards a system of control of

¥
~

movements represgnted as 8 heteraréhy in which the
intention to move degermines the course of the movement,.
[ncreasingly more specfiic control parameters are
determined by sub-ordinate structures of various levels
of veftnement (Turvey, 1977; Glencross, 1980; Bernstein,
1967; Schmidt, 1980; Keele, 1981). Some rapprochemenf
betweeh the two positions may be seen in the notion of a
semantic knowledge base in which knowledge about objects
becomes intimately linked to knowledge about actions
(Namika, 1983) and the conscious control of action
schemas (Wall and Bouffard, 1983; Norman and Shallice,

. &
1982). As Barclay and Newell (1982) warn, "unless there

is some conceptual action peg on which to hang response

specifications the act will not be completed" (p.181).

Y

The serve in tennis, the spike in volleyball, and
the smash in badminton each derive their fandamental

“ \

action from the basic principleé of theyoverhand throwing
/

pattern, With a few subtle permutations, the skilled

performer is abhle to incorporate this basic piatgern in a

skillful executiaon of each sport specific action.

Sipilarily. it is possible to identify many tactical



) .

redundancies which can he used in o vagpijy of sports

most leu;m

4 ysis, it'is

also possible to itdentify the i Lseveral very
general laws of nature which are app]\rnhl( {ﬂ A variety
of actions in a range of sport situations which will
constrdin the degrees of freedorm associated with e1ther
the performance of a learned action or the Acguisition ot
a novel skill. These natural laws may he descrihed an
very general cause and effect turés. The bromechanical”
literature is replete with exanples of such laws o1
principles, (e.g.. principles governing levers, the
relations between mass, force and acceleration, the
effect of gravity, etc.).

It has been suggested that a knowledge of both the
underlying principles and the application of thnév
principles (i.e., the cause and effect relations) will
enhance both the maintenance and genrralization of
behaviors based upon them. Hendrickson and Schroeder
(1941) are among the few published within the motor skill
literature to suggest such a liason, Ising a task which

“involved throwing a dart at a submerged target, they
found that knowledge of the theory of refraction
-significantly facilitatéd performancé. Further, the

completeness of the theoretiral intormation had a direct

.effect upon both initial learning and transfer.

%

pu————
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Similarily, Siegler, lLiebert and lLiebert (1973) found
knowl™dge of the rules governing PiLaget's pendulum

-

problem greétly facilitated performante on the task.
Subjects we}e givén either a set of rules poverning the
'task. analogous problems to so)ve, a set of measurement
tools to use in a trial ;r a combination of the rules and
problems, 'Results.}ndicated t hat suﬁjects n?t given

either the analogous problems or the conceptual rules had

N '
greater difficulty learning the task than those receiving

- -
. - ..

the problems and/or the rules.

'

.
A knowledge o?\‘he'cause and effect nature of
certain principles }d sport performance may also enhance
bbtﬁ the ability, to correct ﬁerforman(e errors and 1he
ability to anticipate imminent situations. A series afi
investigations by Allard (Allard, Graham, and Paarsalu;
1980;\A11ard.,}981) suggests that one factor |
distinguishing the expert performer (specifically the
expert basketbdall player) from the novice is that the
expert is able to vividly construct a mental
representation of the basit tactical situations inherent
within the game, Shg)suggests the representation is made
up of both a topolo%iéal image of specific situations ;;d
tge approﬁriate actions or ;esponses\zm such situations.
Previously, Allard and her collegues (Allard et al.,

.1980) found that basketball players recalled the

positions of players and their movements in slides of
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typically occurring structured situations more n;urntely (

and in larger more complete chunks than did contPo}

®

subjects. It may be suggested that the oxbert plpyers’

representations irnfcluded both declarative (or factual) : '
: 4

knowledge of a situwation and ‘focvduros forvaction within

a particular situation. Within the representations of

the novice players apparently this latter component was

not present,

While much of the research related to the
. _maintenance and generalmation of slfa(Lgic hehavior has
assumed (omplete comprehension of the ;#ructural
components of the task (i.e., the cause and effect rule
structure), such knowledge may not bhe drtact and
completely ;ntograted in the less gkillga. The partial
or incomplete uwfiderstandings of the novice and/or
developmentally young will be refl%(ted in their
performance. That is, it may be suégested that
inappropriate or }ess;than skillful performance is
indicative of the jndiv&dual's current understanding of
the task. The procedures one chooses to use in the

)

execution of the task are derived from that

understanding. Based on the outcome, i.e. the success or

failure of such procedures, modifiQations may be made to
1

the way 1n which the individual views the task and the

procedures used in its execution.



It may bg pomsible to structure a learning situation
in which i; ix pomaible to view a person's current state
of knowledge about s specific task, An opportunity in
which procedures, that have been dori’?d from this
understanding and are used to perform the task could then
be provided. By allowing the individual to sec the
resultant effect such procldpres have in achieving ¢this
lask‘, it may be possible to r'n'ghlighl the dynamic ‘

interaction between knowledge and performance fg this

situation.

Objectives
/// The objective of this study i< to investigate the

knowledge subjects have of the rules underlying a
particular task. Subjects will be asked to make
predictions on the taska These predic{ions will depend
on the understanding the subjects have of the rules
underlying the task and the development of appropriate
prbcedures to apply that knowledge. Subjects w;ll then
be given the opportunity to apply this knowledge and view.
the effectiveness of their strategies, or procedures, in
successfully completing the task. (It is assumed that
becau;e the rules underlying the prédiction task are the
same as those inherent Qithin the application task,
subjects will use the same strategies on both {"\
The prediction task*:ill then'be repeated. &

7

14
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Changes in the task specific knowledge ol mubjects, b
coming #s ‘a result ot the applicat fon of the procedures

they felt would he cffective in performing the previous

task, will be inferred through changes in ther
C 4

%rediction petrtern. An age range of 5 to 11 yedrs will -

be used such that age differences jn the performance

pattern may bYe observed. " Mare speciffenlly, the

v

following questions wil) be asked:
, .

1. Does children's knowledye ot tules inherent within a

problemrgask and essentral to the solution of that
task,~vary'uith age”’

<. Does the rh&utioqﬁhip ?etween knowledge of the rules
and the abilfgy «to use'those rtules 1n the solution
to a specific problem vary with age?

N

3. Does the accuracy of children's predictions
seflecting their declarative knowledge (i.e., the
uhderlying rule structure) vary with age?
' t . . * .

4, Is predictive knowledge necessary for successful
completion of the task’(i.e., hitting the target)?

\\\’ 4

Assumptions

Twp basic assumptions under]lje this

'Y .
investigat¥gn. First, human behavior may be
™~

-

characterized by some form\bf organizationuShd\}urther.
this organization‘may be represented by a hiera\rhy of
increasin{;; more powerful rules. Siegler (1983) defines
rules as, "if-then statements that link conditions of

*, <

applicability to conclusions to be reached or acsjons to




hbe taken'" (p.264). Further, the pr

such rules assumes a concomitant kn

.which the rules are derived, Secon
sstages of skill acquisition, motor
#s a form of problem solving and, a

]

) *
problem solving in the copnitive do

the motor domaine
.l() ym »

U

Definitio

13

psence (and usé)}nf
owledge base from

dly, du?ing certain
learning can be viewed

.

s such, discussions of

maln are pertinent to

ns

Declarative knowledge : a set of
descrihbing particular knowledge dom
considered analogous to 'krowing wh

Metacognitive knbwledge :  knowled
cognitive resources in a learning &
situation,

.

Metacognitive process : self-regu
function used b9 an individual duri
certain performance situations.

g
ek

spoc1f\( facts
alns., Tt may be
at'

pe about one's own
nd/or performance

latory or management
ng ]earn}/ug and

4

Metacognitive skill : the functional manifestation of
metacognitive knowledge and metacognitive processes.

Procedural knowledge : knowledge
procedures for its use. _lgu may be
to 'knowing how' ‘b -

'

Rule : described by Siegler (1983)
statements that link conditions of
conclusions to bhe reached or action
(p.264). Behavior can thus be said
to the extent that constraints are
to possible actions taken towards a
goal.

of a domain bound with
considered analogous

as, "if-then
applicability to

s to be taken"

to be rule governed
consistently applied
specific purpose or
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Limitations‘fﬂ-—'n—‘

The study .= limited to the extent that:

E.

!

1. the observed behavior is reprc e ive of the
hypothesized covert knowledge .- ture. That is,
the pattern of behavior observed reflects the
underlying content of the specific knowledgro
structure associated with the task being studied;

]
2. individual cognitive styles differentially atlcct
the problem solving behavior under investigation;

3. subjects respond optimally (this will be influenced

by their level of motivation and attention to the
task). ’

Delimitations

—

Subjects in the study were 9, 7, 9 and 11 year
7
0ld children drawn from selected doc¢al schools. Only

females were used and all subjects had to be within the

normal IQ range.
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CHAPTER £

l.Literature Review

N

'Knowledge . .

’ . '
The roview will be divided into four.major sections.

- ~

The first section will focus on the dévelopment of

knowledge as a critical factor in_ performance. A major

~ : . . ) .
focus will be placed on the concept of metacognition,

. L . ) . .
Substantial resources are availahbhle in this area relating
to both conceptual and methodological considerations

which are pertinent to a more general analysis of

.
»

knowledge as a major determinant in performance. The
effects of knowledge on performance in terms ot

processing efficiency and organization will then he

o

considered in settion two. The third major section will

look at factors relating to the process of acquiring

skill or competence. Various phenomenological studiés
will be used to highlight these.facfors. Finally, a
theoretical framework for the acquiéition of skill will
be presented.

Structural Dimensions of Knowledge

Knowledge has typically been represented in the form
of schemas. Generally, schemas may be described as

networks or packages of inter-related knowledge. Two

other metaphors commonly used to répresent knowledge are

15



‘m.‘

o

networks (Anderson, 1976, Collins and loftus, 1972) and

production rules (Simon and Newell, 1972;: Klahr and

-

Wallace, 1976). Networks consist of a lattice of nodes
and links - each. . node standing for a particular concept

and the link for the particuiﬁr association or relation
between nodes. Lcarqing in thisvt)po of madel consists”
of the acquisition 6‘\‘(}\4 nodes and new links hot,wfon
existjng nodes. Produclio% rules yon the other hand,

consist of a propositionmal relationship, i.c., a

) , .
condition paired with a consequent action (often

represented as if-then pairings). A group of production

rules directed to the same goal (and/or subgoals) is said
to form a production system. LlLearning fn this system
occurs With the addif_t.ri\on of new rgfes.

Recent views of knowledge systems stress that
schemas organize units of knowledge and, as such, they
are at a higher level conceptually than networks or
production rules (Chi and Rees, 1983). That is, a set of
nodes tightly inter-related by many links or, one or
several production systems joined by a common goal, can

be viewed as a schema. . ,

1
Classification of Knowledge

' ,
While the hypothesized structural dimensions of

knowledge vary émong th®orists (c.f. discussions by Kail

and Bisénz, 1983; Chi and Rees, 1983; Winograd, 1979),
' #



s
most models of memory and problem solving incorppyate the

Schematic accumulation of two basic types of knowledge:
declarative or factual knowledge about the world and
prbcedura] knowledge, that 1is lnnwledge of how to do

thilngs., Wall, McClements, Bouffard and Findlay (1985)
| ™ . i K
have suggesled another category of knowledge, that of

affective knowledge. Affgctive‘knowledge refers to the
subjecgiVe feeiingé’about one's self and:one's actions:
The authors sugéest these feelfngy_afA= —the !
_motivational state of an .individual ana, as Su(h‘
influence the acquisiti;n of both ?eclarative and

procedural knowledge (p. 31), .

Farlier investigations of the difference between

mature and immature learners focused on the presence of

I

task appropriate declarative knowledge and the

proceduralization of such knowledge in the execution of a

task. While the terms declarative and procedural
'
knowledge were not explicitly used, the focus was on, the

PP . s . L
presence of task specific strategies within an

individual's repertoire and the extent to which such

"~

strategies were used under appropriate conditions
(Flévell. 1970; Glaser, 1984; Singer, 1978). The term
produétibn deficiency was applied when an individual did
not-spontaneously produce the appropriaté task strategies

but, if instructed to do so, coyhd use such strategies to

"
.

improve performance. A mediationa) deficiency was said

—

s :

*
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to exist when, even if instructed, an individual could

not invoke the use of task-appropriate strategies or, the
13

use of such stratégies did rot énhance performance
(Flavell, 1970).

This distiﬁction between strategic and non-strategic
behavior has frequently been used to idénlify and
categorizé(performancv deficits relative to agé, level of
intelligence and expcrio%co. In terms of the Tirst area,
mediational and production deficiencies have typically
been igentified as stages in the development of a mature
strategy (Ree;e, 1976). The generad trend is that young
children (5 to 7 years of age) typically display
mediational deficits? Children 8 to 10 years of age may

-

display some spontaneous activity, however, by and large
they are characterized as dfsplaying a production
deficiency. By the age of Il to 12 years, most childreh
are mature strategy users, at feast, iﬁ the areas of
memory and problen solving studied (Kail and Hagen,
1982). In terms of the second area i.e., level of
intélligence, an extensive line of research associated
with Ann Brown and her colleagues (Brown, 1975, 1978;
Campione and Brown, 1977) and Belmont and Buttertield
(Belmont and Bﬁtterfield, 1969,1977) strongly supports a
production deficiency in the mentally retarded. .The

general findings to emerge from this work indicate that

subjects initially fail to‘produce appropriate strategies

1



when left to their own devices; however, uitﬁ extensiQQ
‘and very explicit instructions, they can use most of the
strategies emp]oyed:thus far in the research. Finally,

in terms of exper;ouré; there is some evidence to suggest
that novice performerg may not use the appropriate e
strategies on a hew task even though those strategies are
within their capabilities. While ch?)dren are gengraﬂly
unjversal novices (Brow: and DeLoacHe, 197&), their
naivete(is not necessarily related only to age but-is

also a fungtion of inexperience in a new pkoblem

) C
situation (Chi, 1977, 1978).

4

Metacognition as a Form of Knowledge

Investigations intd the variables underlying the
gpontaneous use of strategies "have centered on the study’

of"metacégnitive skills (Brown, 1975; Flavell and

[y

Wellman, 1977) and led to its inclusion as another

important type of knowledge. In the most general sense,
” -
metacognition refers to an understanding of one's
J ’

cognitive system. However, the notion of metacognition
"has been embroiled in botﬁ a conceptual and -
methHédological debate resulting in rather a murky
picture, As noted By several investigators (pmg.,'
Lawson, 1984; Wong, in press; Flayell, 1976) zﬂ)the more
spe;ific case, the gist of the term metacognition has not

been applied consistently by researchers, making it

difficult to get a firm g;asp on the concept and the role
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it plays in cognilioq. l.Lawson (1984) among others (e.g:.
Cavanaugh and Perlmutter 1982; CAﬁpbqne. Brown 6nd
Ferrar, 1982) in an attempt to clarify the concept, argue
for the division of metacognition into two separate or

, o
distinct dimensions: a knowledge dimensidh, variously
labelle% metacognitive knowledge or metacognition, which
refers to knowledge about one's own cognitive resources
in the context of a learning situation and, a control
dimension, variously lahgled executive processes or
executive control; which pertains to the self-regulatory

or management functions used by an active learner in

problem solving situations.

Alternatively, Wellman (1983) suggests the picture
is not as neat as a simple dichotomy of terms He
describes metacognition as-a 'fuzzy' conceyp’ 111
accessible to exp]}cit defimition. While : T
instances such as those involving theltwo ‘

mentioned above, clearly engender the centrd ion

that has typically been associated with metacog ion;
(i.e., the difference between engaging in some form of
cognitive activity and being aware of such involvement),
other instances are not as easily classified (e.g.,
Flavell's (1977, 1978) metacognitive experignéesj. While
they may share some common features, Wellman (1983)
sugg?sts they remain distinct in manf other respects.

"While the subcla§§%s do relate to the original
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distinction in various ways, in the end the extended
it |

domain probably constitutes an array of different

processes linked by family resemhlances" (Wellman, 1983,
p.34).
Metacognition then, may be better represented as a

general rubric under which an array of related (But

distinct) processes and knowledges exist.

The results of a study by Kurdek and Burt (1981) may
in fact reflect such an interpretation., The authors
investigated the relationship between sk?lls acr;ss three
metacognitive domalins: metacommmunicative skills,
métamemory skills and metasocial-cognitive skills. No
consistent pattern of relationships across six grade
levels (grades 1-6) between the three domains was
apparent. Moreover, correlétions across the tasks were
positive but low.. Based on the assumption that
ﬁetacognitive knowledge and skills are domain specific
and quitétdistinct (Wellman, 1983; Lawson, 1984), such a
pattern of results should not be unexpected.

Investigations concerned with the notion of
metacognjtion'provided the first insights into the role
of knowledge related factors in determiniﬁg performance

outcomes -{particularly in the area of memory

performance). Since the early 1970's such investigations

7 b

_have broadened to include a more generic perspective of




ﬁnowledge. Many of .the problems, both methodological and
conceptual, which have heen associated with the study of
metacognitive knowledge and metacognitive skill, would
seem to he inherent in investigafions of knowledge
factors from s more general pergpective. The next
section will focus on two particular issues whifh have
beén Lvrtinont to the study of metacognition and need to
be considered_ in the more general interpretation of the
cffects ¢f knowledge on perfogmance, The first issue to
be discussed has to do with the interactive nature of the
factors influencing performance and the way in which such
>

factors can be interpreted. The second issue relates to

nethodological problems in the study of metacognition,

The Interaction of Factors in Metacognitive Performance

The bulk of the research in the area of ﬁetacognitive
performance has focused on metacognitive kﬁowledgo
(Flavell and Wellman, 1977; Flavell, 1978, 1981).

Flavell describes two main types of memory knowledge,
sensitivity knowledge and variable knowledge.
Sensitivity refers to one's awareness that different
tasks require different types and degrees of strategic
behaviqr. Variable knowledge, the second type of memory
knowledge, is sub-divided into three components. Person
variables refer to knowledge about one's self as a

learner and about one's knowledge state with respect to a

task. That is, one must not only know about one's-

:
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capabilities and limigations'as a8 learner bué must also
be cognizant of what one does not know ;bout a particular
task aituat;;n (Brown, 1'978). Task variables refer to
chafacterilticg of the task, such as the nature of the
task and the &eudﬁds.of the task, which will influence
performance. Strgtegy variables refer to knowledge gbout
strategies, theif Lsefulness. appropriate application,
etc.. According to Flavgﬁl (1978), each of these three
variable typgs interacts with each other to influéncc
performance. While the bulk ot the research has used
this (partial) taxonomy, Flavell (1981) has in fact
proposed a more extensive interactive model somewhat
similar to the tetrahedral model o},Jenkins (1979) and
adapted by Brown (1982). Use of such an interactive

mode]l has also been advocated by others (e.g., Wong in

press; Wellman 1983). .

Four factors play a dominant r&le in Brown's (1982)
interprecation of the mndell the repertoire of strategic
activities’that.a learner can-bring to the leafning
context; characteristics of the learner - skillsn
knowledge, attitudes, capacity, etc., the nature of the
material to be acquired and finally, the nature of the
crfterial task or eng product desired. Theré is ample
evidence across a number of domains demonstrating the
effect on performance of each of these factors studied

independently. Further, Brown (1982) has reviewed some




evidence from studies using two way interactions;

however, very little research has been done using such an ,
interauctive model in the study of metacognitiofh. Two/

| . {
lines of theorizlng are informative in this regnrd,
particula;ly in light of their developments!l implications

for an interactive model of metacognition and knowledge

in general. : .

Lawson (1984) has pr;vided 5 theoretical analysis of .
_Lhé pattern of behavior one can expect in executive
processing and metacognitive knowledge with different -
levels of expertisé. He cites two cases, one in which
the exbert is an adult and one in which the expert is a
child. In the casé of the two adults (one 4n expert and
the other a novice in a particular domain area) the
superiority of the expert is due, in large paft, to a
more extensive knowledge base in the specific area,
While both adultsﬂgén be assured of hav;ng equal
competency in genefal executive processing, }de sdvantage
of the superior knowledge base will be reflected in a
more effective application of executive activity, and

subsequently in superior metacognitive knowledge due to

the enhanced opportunity to reflect on one's cognitive

activities in the area.

In the case in which the expert is a child (and the

adult a novice) the lé%el of development of the ;hild

o II L ' , 3 I :
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introduces 8 new factor to the expected levels of
metacognitive knowledge and executive processing
exhibited. Lawson (1984) suggests that the degree of
exgertise of an individual must be taken {nto account in
making assessments of metacognitive knowledge and/or
executive processing. Brown et al., (1978) have
suggested executive processing is a8 relatively late
developing phenomena - at least in the tasks they
selected., On the other hand, investigators ‘have found
evidence of such activity in children as young as 8 years
of age (Paris and Myers, [981) and evidence of
metamemorial knowledge in children as young as 6 years of
age using an extremely simple task (Kreutzer, leonard and -
Flavell, 1975). Thus, wh‘le developmental status may
have an effect on the Yevel of executive activity and

metacognitive knowledge exhibited, it seems clear that
. )
the nature of the task as well as the level of expertise

of the child must also be taken into consideration.

The adult novice (in the second case) hah greater
opportunity.to experience a range of problem solvinyg
situgtions and thus can be expected to have developed an
extensive repertodre of executive processes (a situation
quite opposite to what one, would }xpecn if the child had
been the novice). Ac&ording to Lawson (1984), this
freater competency in executivé processing aﬁd wider

experience as a problem solver may compensate somewvhat

o«

°
. N .
_




for the limited knowledge® bane and subsequent limited

task specific strategies,

In summary, lLawson has suggested that ecveral
factors mugt be taken into account when interpreting the
behavioral evidence of metacognitive knowledge and/or
executive processing (or lack of evjdence of such
phenomena), i.e., the level of develgpmenl of the

. v
individual tn a specitic task domain, the nature of the
L

criterion task and the/level\of expertise of the

’

individual. Further,/the interactive effects of these

factors must be consfdered,

.

The second line of theorizing comes from Wellman
(1983) who has algo emphagized the importance of looking
at tﬁe interaction of several variables when interpreting
a child'g metacognifive behavior. More specifically,
Weliman (1683) asks the questiong 'what lies behind the

»
child's me€acognitive judgements”' lising the example of

I

judging one's cognitive limitations, traditionally single
J
variable studies have suggested that children, with age,

increasingly recognize the importance of considering the
number of variables in determining their own ability to
remember a group of items. Hellman et al., (1981)
suggest this is only part of the picture. That is,

children integrate information from a variety of sources

in making a decision or memory judgement. In their study,
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children integrated information about both the number of

items to be remembered and the effort needed to

{:
FEAN

complete the task when making their judgemen'ts. Th;ﬁu "

i

found that effort was a much more dominant variable at

first but decreased with age'at which point the number of

items becage increasingly the more impéftant variable,
Wellman (1983) concluded: "...what a child judges as an
isolated metamemory task is only a manifestation of a

complex inter-related system of knowledge about memory

’
v

(p.38)".

= . . . o

Together, Wellman (1983) and Lawsan (1984) both
. .
recognize the very complex interactive nature of the

concept of metacognition dnd Suggest that from an
empirical perspective, research strategies must be
sensitive to and congruent with such & view. While the

previously sighted investigations only indirectly suggest

2]

the complex interaction of knowledge féctors through

.

‘reference to\metacognition_?g a form of knowledge, it may
be sugge§ted a similar perspeétive should'be taken in the
study of knowledge factors in general. That is,
researchers must be sensitive to the influence.of
external factors on the performance of an individual.

;ﬁ}
Methodologigal—Problems in,the Study of Metacognition

The second area to be discussed focuses on the

methoddlogica] problems in rgsearch dealing with

’ . -
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.metacognitio”n. Measures of metacognitive knowlm. have
generally been attained through introspective surveys and
questionnaires or, through measures of performance, e.g.,
prediction, recall readjnes; or feeling-of-knowing
assesgrents. Historically, introspective measures have
been criticized with respect to tho accessibility of the
- -
cognitive prOCeSﬂfS to introspective analysis and the
completeness and accuracy of introspective (u%ually

verbal) reports (Humphrey, 1951). Cavanaugh and

Perlmutter (1982)‘note two additional prohlems with much

of the current metamemory research - .a dirth of

, % . T
replication studies and a germeral lack of indites related
to the reliability of the measures, Fricsson and Simon
(1980) while 1 ynizing the potential pittalls ot such

methods, note that with proper contrdles, introspective
L}

techniques can .provide useful and. reliable information.
L4

They ﬁoin others (Rushton, Brainerd ang‘Pressley, 1983)

in making a strong plea for more convergent measures in

metamemory research.

Notwithstanding these comments, Borkowski and
Cavanaugh (1982) note that metamemory (or more
genefal]y metacpgnition) has theoretical significance
only in so far as it proves useful in explaining

L]
individual differences in strategic behaviour, that is,

an individual's failure to use aq.fvailable strategy may

be due to a lack of appreciation for that strategy's
"
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utility (Flavell, 1978; Brown and DelLoache, 1978). While

much of the research (some previously mentioned) has
attempted to causally link metamemory to strategy use and
thus pcrtormange, the results have produced minimal and
often conflicting correlations. One }roblem was just
;ﬁluded to, i.e., the reliaﬁility of the measures. In
the same vein, research procedures often do not provide a
valid test of the assumptions under scrutiny. Do the
tasks*selcfted a(tua]]h‘require sub jects to engage 1in
metacognitive activity as defined by the researchers,
i.e., what -does the critfcal task tap? Does the
metacognitive knowledge assessment bear a close

resemblance to the performance task? Lawson (1984)

suggests that some dispasity in results can be accounted
¥

for gy inapproiriate resgarch procedures.

EY 1 -

‘

A second problem, also mentioned -earlier, relates to

the pattern of results one should expect. For example,
2 . ¢

- the basic research paradigm generally used attempts to

correlate single variables (e.g., a single piece of
S'P%. .
metacognitive knowledge such as knowledge of

organization, with a single hehavior such as
@;n
organizational behavior). However, results have been

. . P . Lo L
inconsistent; HKowever, such empirical results are not

surprising in light of some suggestions that the

_psychological reality is probably not so straight forward

(Wellman, 1983; Brown, 1982; Flavell, 1981; lawson,
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1984). $t seems much more likely that a number of

N

knowledge variables interact to produce a particular

behavior and that this pattern of interaction changes

with development (Wellman et al.), 1982). Further,

v

patterns of relationships between metacognitive knowledye
o .
and performance can bé expected to vary depending on the

.

task characteristics. Not withstanding other intervening
‘'variables and interactions,; as metacognitive knowledge in
a specific area or about a spe h task increases (e.yp

o »
the role and e!fo€t1ﬁﬁ organization in memory
. L N

performance), the likelihoqd or strength of a specilic
(corresponding) behavior being produced®will ‘increasec
(Wé]]man, 1933). From anothor pvrspv&tive. different
tasks even ones resembling the original task,.(i;c]udqng
metafogntjve faské) may demand more or less knowledge to
. . N
elicit a particular response (Bjorklund and Zeman, 1982).
Thus, under one task condition an individual may_display
certain metacognitive skills but under another task
condition or with another task, the same metacognitive
skills may not be present.

A tpird problem area lies in the lack of independent
measure of each-component, i.e., metacognitive knowledge,
strategy use and level of performance. Training study
techniques have provided an alternative to traditional
measures of metamemory and have overcome to some extent,
this problem. Rather than simply looking at baseline

Lr
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pcrformaﬁco. training studies use a general
t;st-train—retesl,procedure. Mcasures of baseline
performancé are thus augmented by measures of the
subject's responsiveness to training. Such techniques,
while not prevalent in knowi%dge studies in general,
provide a useful way to manipulate knowledge - f'iated 
factors indepehdent of age. p

|
rd h —_ -
v

Training Studies: A Methodology for the Investigation of

Knowledge Related Factors

Briefly, the training study procedure entails a
detailed task analysis. Potential sources of individual
differences are hypothesized. Subjects then receive

.

training on one of the.h)pothesized factors. If
performaﬁco impréves, the task analysis is reinforced and
the hypothésized difference receives support. To the
extent that performance leaves something to be desired,
the training process continues using a different factor
(Campione, Brown and Ferrar, 1982; Campione and Brown,
1977; Borkowski and Cavanaugh, 1979)., Efficacy of the
instructed strategy is determined by the extent to which
the strategy is maintained, i.e., the acquired strategy
is continued on a task identical to that used in
training, and the extent to which the strategy is
transferred to other tasks. The tasks to which the

strategy is transferred, while sharing some common

features with the training task in terms of processing
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requirements, should typically require‘u modification of
the trained strategy for it to be competely applicable to

the new task (Campione and Brown, 1979),

/ —

Changes in the Training Study Format

‘Three main categories of training studi¥s can be
identified in thc literature based on the amount of
information given-to the subjects: blind, informed and,
self-control (Campione et a}:, 1982) . ’BIind training
studies, historically the eJrliest, aimed to induce
strategic behavior but did not give subjects an explicit
and concurrent uﬁderstanding of t%o significance of the
activity; While the training did enhance performhnco. it‘
typitally féiled to lead to maintenance or generalization

- \
(Brown, Campione, Bray and Wilcox, 1973; Butterfield,

‘Wambold and Belmont, 1973: Spitz, 1966, 1972; Campione

and Brown, 1977, 1978). Following from the blind
training studies were informed training studies which,
. . '

once again, aimed to induce the use of strategic behavior

but also gave subjects some information concerning the

significa?ce of the activity. Training of this sort led

to some positive change in maintenance and
generalization, For example, Bofkowski,'Levers and
Gruenenfelder (19?63 found that a briet film il]ustrating
the use of a mediational strategy prior to training,
enﬁanced strategy maintenance in normal children.

Similarly, Ringel and Springer (1980) found that



reinforcing the utility’of a strategy (in this casé a
categorization strategy) 'improved pvrformance and
resulted in significant maintenance of the strategy.
Kendall’, Borkowski and Cavanaugh (1980) obtained similar

improvement in the performance of mentally retarded

children using an elaboration strategy. Belmont,

Buttertield and Borkowski (1978) investigated the role of™
training in multiple (as opposed to single) contexts.
Suﬁjects were shown that a Pasic rehearsal strategy was
useful on a variety of (similar) tasks, although it was

kY

necessary for the exact form o{ the stratégy to be: .
modified to take into account the unique demands of each
task. Belmont et al., (1978) found some generalization
in mentaliy retarded subjects trained in multiple
contexts but no generalization in those trained in a
single context. The re#ults of these studies suggest
that some individuals may not appreciate the utility of a
specific strategy without explicit feedbac@. ‘Providing
thatvinforﬁation resulted in both increased maintenance
and generaliiétion. The imblicatio;'here is that ,some
form of metacognitive activity was used. - In cases where
e
this activity is not spontaneously invoked (either qﬁe to
a lack of metacognitive p}ocessing skill or due to a lack
.
of metacognitive knowledge), this activity can be invoked

in certain circumstances by providing some external

information.
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While some of these studies (e.g., Borkowski and
Cavanaugh, 1979; Kendall, Borkowski and Cavanaugh, 1980)

have provided independent measures of metacognitive

\

knowledge (more specifically metamemory), cognitive
slrategies and performance, it is still not clear whether

increased proficiency in executive skills purportedly

enhanced through the training, actually led to
performance benefits and, in turn, to an increase in
metacognitive knowledge. Cavanaugh and Permutter (1982)

make the point in the context of metamemory research,

Comg%ptual confusion (between what a person @
knows and how that knowledge is used) can
result in an inability to explain performance.
For example, one can never be certain whether
impaired performance is due to faulty or abseéent
use of well-articulated memory knowedge or
Minefficient" use of inadequate knowledge.

. HrTw determination becomes crucial if one °
wishes to understand the relationship between
knowledge and memory (p.l15).

: v
The,final category of training studies identified by

Campiong.'Bran and Ferrar (1982) addresses the process

¥ - .

issue. These studies involve self-control training.
Here sﬁbjects are instructed not only in the use of a
5 : -

strategy but also in how to employ, check and evaluate

) .
the strategy. In other words, subjects are qxpllC]tly
trained in various executive control processes (Brown,

r.
1978, Brown and DelLoache, 1978).

A series of studies conducted by Brown and her
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colleagues. (Brown and Bar(fﬁy. 1976;'Brown, Campione and
Barclay, 1979) illustrate the self-control t}aining
approach., They taught retarded and non-retarded sub jects
(MA 6-8 years, CA 9-11) a rehe;rsal strategy for recall
of a list of pictures. Subjects were concurrently taught

several monitoring strategies (e.g., checking and
anticipatioh responses).  Following training, children
improved their performance significantly over control
subjcftsf %uréher% subjects differed with respect to age
on how readily they responded to training. Campione,
Brown and Ferrar (1982) suggest Lhaﬂ;both the type and
extent of training needed to affect performance varies
withbthe diffiéul;y of the task and the level of éhility
of the learner. The ability to benecfit from ins}rU(tion
has been advanced as a factor critical to the concept of
inteliigence (Brown and French, 1979; Vygotsky, 1978;

/
Campione, Brown and Ferrar, 1982; Resnick and Glaser,

1976) .

Based on observations from self-control training
studies such as.thqse described above, it has been
suggested that fhe executive routines underlying the use
of knowledge rather than knowledge aboht the system
itself, i.e., metacognitive knowledge, are factors
underlying the critical production‘def;cit (Brown, 1978;
Campione, Brown and Ferrar, 1982; Borkowski and

Cavanaugh, 1981). Campione, Brown and Ferrar (1982)



summarize this position,

...inculcating knowledge is not the main
problem. The problem is that even when the
5 relevant knowledge is known to bé available to
poor learners, they experience particular
difficulties in accessing and operating apon
. it. . . major components of intelligence are -
learning and transfer of skills responsible for
the accretion and use of knowledge (p.439).
»

LY
From these studies, it is apparent that the training

. . .
of executive'skills or the awareness of mnemonic

processes appears to be a crucial aspect ot efficient

problem SOIV}ng: As previously diSCUSSed, metacognitive
knowledge (or mpre spcgifically in the studies quoted,
metamemorial kéowledge) is related (u]hei* only minimally
using presen; ;esearch techniques) tnlperformanro and
strategy use @uring str?tegy maintenance and

. generalizatiqn (Kendall, Borkowski and Cavanaugh, 1980)1
Furthermo;r,ja reciprocal relation between performance
and metacognition is suggested, that is, metamemorial
knowledge leads to further use of memory skills which, in
turn, leads to enhanced metamemorial knowlegdge, etc.
(Flave]l,;l981). Two lines of research are thus
apparent: that dealing with executive procesées and
performance and that dealing with metacognitive knowledge
(specifically metamemorial knowledge) and.performanco.
While there seems to be little rapprochement between the

two areass empirically; theoretically there has been some

speculation on their relationship. Campione, Brown and



37

Ferrar (1982) have suggested a hierarchial relationship
between the two, that is, metacognitive knowledge is
learned from such self-regulatory activities as checkng,
monitoring, anticipating, etc., Similarly, lawson (1984)
argues that metacogitive knowledge is a result of
re(lection'upon cognition which can best be characterizéd
@as an executive operation. In his words,

...the act of reflection involves an
examination of the stream of cognition - an

examination which includes 4nalysis ,
evaluation of progress in terms of plans ,

monitorin , and modification of cognition
ip.gs

foy . ». . )
Metacognitive Rnowledge seen in this way, results trom

the operation of executive processes. Alternatively,
Flavell (1981) has argued that metacognitivg knowledge,

experiences of not knowing, confusjon, etc¢., prompts the |

-t

invocation of executive processes (e.g., checking, [ -\~¥
A J \ ‘ Y
monitoring, selecting alternative strateges, etc.). Je

The feeling that we do not understand part of
an instruction is, of course, often tollowed by
an inability to follow it correctly, provided
that we do not use that feeling to instigate
further attempts at understanding. On the
other hand, the outcome is liable to be more
successful if the feeling elicits additonal
comprehension effort (Flavell, 1981, p.50).

Y

From this perspective, metacognitive knowledge and
experiences may be stored and subsequently used to cue
monitoring and regulating activites of future actions.

In fact the two perspectives can be viewed as two. parts

- ~



‘ 8
\

!

of an entire cycle, i.e., metacoghitivc knowledge or

experiences may prompt executive processing which in turn

generates further metncoigitiva knowledge,

Q'

A _General Pattern of Metacognitive Development

Notwithstanding both the methondological and design

) ) . I 4
limitations previously discussed, a genergl pattern of

development has emerged based primarily on single //‘j

.
variable studies using Flavell's taxonomy that was

referred to earlier (Flavell, 1978, 19YK1), Typically,

-
-

~

children become more realistic and accurate in assessing
their own memory capabilities with increasing age and

mental ability (Flavell, Fredrick -and Hnyt..1970; Yussen
and Levy, 1975; Brown, Campione and Murphy, 1974; levine,

.
Yussen, DeRose and Pressley, l9f8): ‘Further, with'age

this knowledgé becomes increasingly differentiated.
Using a structured interview format, Kreutzer, Leonard
and Flavell (1975) investigated a wide range of memory
phenomenon of children in kindergarten and grades E. 3
and 5 (approximatedy aée 6, 7, 9, and 11 years). They
found that while the younger children (kindergarten to
grade 1) had some metamemorial knowledge, not until grade
3 to 5 did they develoﬁ a differentiated coricept of
memory ability, that is, memory ability varies from
occasion to occaSio; in the same individual and differs
from individual to individual in the same age group.

v

These results are supported by earlier studies related to
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diftering task demands and strategy use e.g., Kreuntzer ect
al., 1975; Peris and Myer, 198]; Brown et al., 1981).
Appel, Cobper, McCarrel, Sims-Knight, Yussen and Flavell
(1972) found children 4 to 7 years of age did not
differentiate in their use of strategies when give;

ingtructions to memorize a list versus instructions to

look at a list. Tenney (1975) found similar results in
children's use of cateéorization-dnder variable
instructions. It should be noted, however, that childfen
as young as 3 and 4 years of age have been found to
engage different, a{geit very simple, strategies under
variable instructions (Wellman, Ritter and Flavell, 1975;
Yussen, 1974; Acedelo, Pick and Olson, 1975; De Loache,

Cassidy and Brown, 1985) again reinforcing the

interaction between the nature of the task and strategy

-

The Effechnowledge on Performance

The preceding section has dealt with methodological

use.

and conceptual issues relating to the investigation of
metacognitive knowledge and metacegnitive skills. It was
earlier suggested that these two factors may be
considered as categories under the more general'rubrics
of declarative and procedural knowledge, respectively.

As such, they will no dcubt share characteristics with
these so called generic forms of knowledge; however,

little attention has been focused on the clarification of



40

these concepts. This has rosulfed.ih n lack of » common
interpret;tion of such concepts in the literature. . The
issues just discussed are thﬁa pertinent to any further
consideration of knowledge related factors in the

acquisition and performance ot a skill,

Th tion will focus on the effects of knowledge

- /

on perfo in termé of processing efficiency and

’ organization. Research, particul%rly that dealing with
the dffferences betweeh expert and novi@e performers has
demonstrated the importance-of considering the
characteristics of the organized knowledge base a learner
brings to bear on a problem and fhe‘influence of such
characteristics on a learner's activities, The critical
.%mportance d&f}nowledge per se in memory performance was;

»

first highlighted by Chi (1977, 1978) with chess players.

In a unique study in which knowledge was manipulated
independently ot age, Chi (1978) found adults with
limited knowledge of chess were unable to memorize as

many chesd pieces as 10 year old children who had an

O ——

extensive knowledge of chess. Further, the adults
required a greater number of trials to memorize the chess
board positions than the children although childreQ could
memorize fewer digits on_a.giveq trial and requirﬁg‘a
greater number of trials toilearn 10 digits than adults.
. Knowledge in this case, was the primary determinant of

[

performance, not age. Since then, similar results haqu
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been attained in many knowledge domgins including

v

baskethall (kllard, Graham, anc Paarsalu, 1980) soccer

(Naus and Orasgein, 1983) and volleyball (Allard, 1980,

-

1982).
Perceptual - Motor Processing Efficiency and Domain -
Specific Knowledge N /

) |
In the area of sport, reviews of the relationship

s

hbetween such processing measures as reaction time,

“

ic visual acuity and depth perception and resultanyg
. . <

’skill have~b%§n equivocal at best. In this reﬁard,‘
Stprkes and Deakin (1984) write, "...clearly, the

"hardware" components (i.e., perceptual-motor informatiofp

processing cdmponents; un&grlying skilled performaﬁée*w
fall short of/explaining the level og-expertise often

seen in sports'" (p.1). They go on to suggest théuﬁg...a
more fruitful way of examining expertise in Sportﬁia§ ¥ j§
Been to look at what athl;ﬁpsL‘QE in specific sportéléndgé
anlayze their peiformance‘;n the actual tasks they‘do f
well" (p.lf).

The results of their.studies (and éhose of other
researchers) ﬁuggeSt that skillgg athletes may in fact
perceive game information specific to their sport,

differently than novices. In their experimew!, a similar

recall paradigm as that developed by Chase and S

\ N
(1973) was used. In the wgrk of Chase and Simon, chess

+

players wvere given 5 seconds viewing time of “specific
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game situations and then were asked to récall the
positions of the chess pieces on another board. The
greater the level of expertise, the better the
performance.- When the same task was repeated but with
randomly positjoned chess pieces, no differoqco in

performace was apparent. Differences an performance were

attributed to the influence of the greater knowledge in

the specific areas rather than to the exercise of memory
strategies as such. The same interaction between skill
(reflected by level of expertise) and stimulus

information i.e

., structured versus random sport specific

informarion, was found in basketball players (Allard,

1981). wllard (1981).specu]ates that heing able to

engage in the éctivity allows the player to develop a

more extensive declarative knowledge base. As procedures

)
of the sport are pgactjced, declarative knowledge about

the procedures are internalized. Thus, particular

b ‘- i '
structured set play situations which call for specific

2
hd Al

procedures are routinized. - Also, fartual'knowfe¢ﬁq.
» »
associated with the procedures in thefform of a.specific

'
., shemas” for out-~of-bounds

schema, are organized, e.g
plays or a press break are formed. This superior

declarative knowledge base of the expert is reflected in

the enhanced recall of information relating to structured

game situations (as opposed to the random situatigns for

-

which no schemas have been developed).
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Results of a second set of experiments suggest that
game strdcture is encoded'and retrieved more efficiently

by more expert players (Starkes and Deakin, 1984). Using

‘a signal detection paradigm, volleyball players and

. '

nun—ﬂiayers (Allard and Starkes, 1980) were asked to

-

detect the presénce of a vgaleyball in briefly. presented
‘

slides (16 msec.) of a volleyball situation. One half

the slides depicted actual game situations (structured

a—
o

setting), while the other half depicted non-game
situations such as time-outsand warm-ups (non-structured
settings). While performgkce'was similar on the

i

non-structugd slides, expert volleyball players performed
o

s{gnificantly more quickly on the structured slides., In
a"similar experiment with field hockey players (national

o
level versus university varsity and undergraduate

prhys;Zéi education majors), decision speeds were once
asai} significéntly“faster in the expert performaﬁce
(Starkes and Deakin, 1984). Following the explanation of
Chase and EricsSon (1981) a;ﬂ Chasé and Simon (1973),
Starkes and Deakin (kgg}) suggest that a consequence of
"imposing organizationvoé ihformdtibn is an increase in

speed of retrieval and faster more reliable encoding

processes, which improve with practice (although they do

not make it ¢ whether this is a function of better

organizati’of practice or the processes themselves

becoming more'éffacenp or indeed changes in the pmocesses

or type of organization). (It should also be noted that



-

p

. the view that a well

of knowledge on performance comes from Chi and her

general thought

- "'\‘;//
B o
‘L‘%dh -Lhe case of Chase and Fricsson [1981] wor

Starkes and Deakin [1984) was a measure of the ditferent

..

organizational structures taken although‘ovidJncc to be

reported subsequently, (e.g., Chi and Koeske, 1983; Chi,

Feltovich and Glaser, 1981) would seem to support

VA
differences in organizational structure.) m
- ’ 4

F

Allard and her colleagues (Allard, 1981; Allard and

Starkes, 1980; Starkes and Deakin, 1984) thus entertain.

)
.

integrated task'specific knowledge

base allows basic perceptual-motor processing units to

function much more efficiently and effectivel*.

.
Organization and Structure of Knowledge

»*

A second approach’ to investigations into the effect

\/
colleagues (particularily Chi and Koeske, 1983; Chi,

Feltovich and Glaser, 1981). Their work has focussed on

the inherent organization of the (declarative) knowledge

base.

Earlier work by de Groot (1965) based on the verbal

protocols of subjects, suggested that nothing in the

processes or search strategies

distinguished master chess players from less skillful

players{ Following from de Groot, Chase and Simon (1973

found that both expert and novice players' knowledge of -

v

44
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chess was represented in identical ways, i.e

2

., patterns
were inter-related by physical features (e.g., colour and
proximity) and by function (e.g., defens® and attack).
The distinguishing feature in experts' supgprior recall bf
cﬁa’s'piece po;ition .swas5 the extent (quantity) of their
chess Kgowledge and the manner in which positional

information was chunked or grouped for recall. That is, .
L]
¥

equrtﬁ had more chunks or positional patterns available

for recall and each pattern contained the position of
I

more chess pieces, éﬁbse and Simon (1973) hypothesized
that specific tactical stategieg or mé&es were associated
with each pattern and that expertise in chess depended on
fast recognigion‘of the pa%terns which dn turn
automaticalfy cued the appropriate strataegies. Thus, as

noted by Chase and Chi (1981),

‘

The extraordinary visual memory phenomenon of
the chess masters reflects not so much the

perceptual nature of "intuition" but, rather,
the knowledge and the organization of this
knowledge that can facilitate the master's
ability to have a rapid "understanding" of the
chess situation (p.117).

Simon and Gilmartin (1973) developed a simulated

i

model compatible with these results which rests on a

network system of‘knowledge. They postulate that a large
7

repertoire of patterns is stored in long-term memory and
-a mechanism, labelled a discrimination net (EPAM net),

accesses them. In addition, a short-term memory of

limited capacity stores the names or labels. These names
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or labels can be thought of as representing both an
internal path through the FEPAM net to the salient schema

of appropriate chess moves, and the external patterns or

groupings of chess pieces. Hence, the organization of

the

master's elaborate repetoire of chess information
greatly facilitates both the encoding of perceptual

information and recall of appropriate strategic play.

While similar superior recall effects by chess
players'have been replicated by several investigators
(e.g., Charness, 1976; Gould;n, 1978; Lave and Robertson,
l979)\analogous results have been found using children as
exﬁerts (Chi, 1978; Lindburgh, 1980) -indicating a very

robust effect.

\

To investigate the nature of structural differences
and/or changes in the organization of'knowledge,-Chi and
Koeske (1983) compared the knowledge structures of two
subsets of a domain of knowledge of a 4 1/2 year old
chi{d. One subset consisted of a list of dinosaurs
better known to the subject and the other subset
consisted of dinosaurs that were lesser known to the
child. Before describing the study it may be pséful’to
discuss organization changes as Chi and colleagues use
the terms, The way in which the external environment is
represented in memory is postulated to change in

predominantly two ways (Chi and Rees, 1983). Fistly,

[
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memory structures may become increasingly more complexy
and sophisticated. That is, new and higher level ‘
strultureq are assumed to emerge. This may bccur in 3
ways: 1) through increasing access to various
subroutines from which view t‘knowledgeiirpcture is
conéideres to have certain forWal properties that
persevéie throughout development (Rosin, 1976); 2) it
may occur through a struftural reorganization consistent
with the stage view of develépment (e.g., Piaget, 1972;
Fischer, 1980); or 3) it may occur through a combinaton
of the twoi i.e., structural change governed by
constraints. According to Keil {(1980), these constraints
can best be seen ;s certain invariant- properties built
into the system which, as noted by Rosin (1976), are
constant thrgughout development. In sum then,
organizational changes may take place, that is, a
reorganization'of existing knowledge such as the
transforAtior of a linear structure to a tree-like
structure of kpowledge, and/or existing knowledge may be

-reorganized with the possibility of adding or deleting

"~ knowledge.

The second major change is postulated in the mode of
representation. This is perhaps best illustrated by the

" change in children's reliance on enactive or manipulative

>

representation, iconic representation and s olic

-

representation discussed by Bruner (Bruner, iver and
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Cruentield, 1966). In this case, stnuctural

reorganization is not inferred.

-

In general, in research investigating knowledge
differences parti&u]arily in relation to level of skill,
references to differences in the organization and”
structure of knowledge tend to refer to organizational
changes with explicit réference to the ppséibilit{ of)
adding4or:deleting knowledge. The term "structural

change!-€Chi has reserved for this kind of change (Chi and

L]

Koeske, 1983),

Returning to the dinosaur knowledge expe;iment of
Chi and Koeske (1983), differences in the attributes of a
knowiedge Structure in a single subféct were studied thus
contrblling straéegy usage and capacity limitations
(i.e.; each were similar for both lists). Further, the
knowledge structuré was represented by the invéstigators
as a network of nodes and nks. Attributes of the
knowledge structure were assessed by the number of links
between nodes (measured by the number of properties that
were mentioned across several different varieties of
dinoséurs),\;he strength of linkages (measured by the
frequency with which a particular‘pairing was mentioned),
and the cohesiveness of the entire collection of concept
nodes in the network (represented by the number of direct

and indirect linkages within both subsets).
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While the actual quantity of knoviedge did not
dikfer between the two subsets (this was controlled by
the éxperimenters to some extent), the organization of
the knowledge, i.e., the configuration of nodes and
links, did. The semantic network of the better known
list had a greater number of iﬁtqf-dinosaur links,
greafer strength of linkages, and a greater cohesion ’
within the network. An interesting finding was that
knowing more informacion per se about a particular
dinosaur did not facilitate its recall at a later time.
A group of seven 'target' dinosaurs were selected from
each subset of twenty dinosaurs. These target sets were
matched on the frequency with which théy were mentioned
in the game from which the original linkages were derived
(thus they were matched }or quantity of knowledge th not .
quality as reflected in the distribution of linkages).
In a final retention test, targe&’dinosaurs were not .
recalled to ﬁ greater degree than non-target dinosaurs in
respectivé subsets. Thus, performance differences can be
ascribed not 6n1y to differences in the quant{zy of
knowledge (in situations where this has not .een.
controlled, which was not the case in ;his stydy), but

also to struyctural differences in the knowledge base

(i.e., qualitative differences in the knowledge base).

‘A logical extension or next step in this scenerio is
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to ask how the organizational structure of the

knowledge contributes to performance differences. Glaser

(1984) succinctly encapsu]a}es'the key points,

At the 4dnitial stage of problem analysis the
problem solver attempts to "understand" the
problem by constructing an initial problem
representation. The quality, completeness, and
coherence of this internal representation
determines the efficiency and accuracy of

future thinking. And these characteristics of
the problem representation are determined by

the knrowledge available to the problem solver
‘E‘ and the way the knowledge is ofganized (p.98),.

14

Individuals represent problems in the context of the
knowledge they have available for that particular context
(Chi, Feltovich and (laser, 198l; Glaser 1979; Glaser,
1984; Di Sessa, 1987). In an investigation of the
categorization and representation of physics problems by
both novices and experts, Chi et al., (1979) found that
both groups used the same key words in the problgm
statement to categorize the problems but novices
eategorized by the structural features of thg items
within the problem statement, i.e., incline problems
versus rotational problems. Explrts on the other hand,
categoriied the problems, according to .the underlying
physics principle governing the golutions. This seems
contrary to the results of Chase and Simon (1973) and de
Groot (1969) who suggested both experts' and novices'

knowledge of chess was represented in identical ways,

i.e., both patterns were inter-related by physical
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features and by function. 1In point of fact the functions

of. the chess pieces do not change with level of skill and

are characterized by the physical appearance of‘he‘

}ieces which again does not change. Thus differences in

representation on this basis should not be expected in

this particular task. Chi et al., (198l1), on the other

hand, suggest thaE domain-specific knowledge (at least
related to physics problems) is organized %ierarchi(ally.
The lowest levels contain physical or structural
properties and some superfical procedures for problem
solving. The highest level, is organized around basic
principles and procedureg for their application (i.e.,
both declarative and procedural knowledge of a much more
extgnsive and sophisticated nature). The more elaborate
and complete nature of the knowledge base in terms of
bﬁth conceptual (i.e., declarative) knowledge' and
procedural knowledge m;kes expert proce;sing more -
top-down; that is the solutions to the.preblem are part
of the expert's knowledge network and are automatically
accessed from the context of the problem statement. The
spartan and‘very superficial knowledge network of the
novice lends itself to a more bottom-up approach in which
the problem solver must depend on a literal
interpretation of the problem statemént fof meager and
s

very descriptive hints at a solution (Chase and Chi,

1981) .




‘It would appear then that the nature of th
to a8 problem is determined (in part) by the quantity of
,task specific khowlgdge a personaﬂaa and necessarily by
its quality, i.e., the organizatioo and structure of that
‘knowledge. In the same.viev. the particular problem

solving strategies are mediated by the nature of the

knowledge base. The larger the individual's procedural .

repertoire, the more specif: strategies will be in
solving a problem. The difference between the ) lem
solving skills of the novice and expert illustr s this
point.

[y

..with high levels of expertise in a task
’ damain, the problem solver becomes much more
judicious in his choice of paths and may
fundamentally alter his method of search ...s

with. experience the search becomes much more 4
selective and likely to lead to rapid success
(Anderson, 1981, p.390). -

Where such specific strategies are not available, t he
sgbjectrmay fall back on more general but less powerful
strategies which have previously proven su€cessful
(Siegler, 19?1). It is therefore necessary to
distinguish betwﬁfn general problem solving heuristics,
strategies specific to a particular knowledge domain and
task specific str;tegies. The context of th? problem in
relation to an,Lndividﬁél's knowledge base will influence
the nature of the strategy(ies) used. If a b;rticular
strategy is not used, this doc% not necessarily imply the
absence of such a strategy. Rather the context of the

PR
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problem may %’t have’jnvokgd the use of such a strategy
or may have caused some sort of modification in the

strategy. Naus and Ornstein (1983) suggest that the i

i

J

growing knowledge base of the child may contribute to the
use of increasingly mere sophisticated strategies by

older children. Ornstein et al., (1975) presented 3rd,

A - -

- 6th and 9th grade children lists of taxonomically related

—

materials. Halt the children received the lists in
*

random order while the other half were presented the’

items in blocked fashion.* Congruent with the resMtes of

.

other qtudiel. under both conditiQﬁs. both recall an%'

.’\ &

rehearsal activity 1mproved with, agp, '!ﬁiasalieigt
W TN
finding here. however, was. tﬁa& ﬂhflq thﬁ? “:Sgerge

conditions of blocked prese :atiaa "' ,~"ﬂ
&

. ‘ ,’ ) . A ' X
Similar results were foy by‘Stoanet aﬁvs'(1977)

and Ornstein et al., (1977?a ?ﬁat is, Ornstean et al

¥ 3. i
(1977) found that recall o»_?!ifh gPaders 1nstructed to

rehearse passively, was soft,xdf under condltlons of

strong list organlzatlonﬁé
organized. In condltion%

present, not unexpectedl ial organigdd intbo

.

o0 was rehearsed more

m?nﬁomly (Stoﬁe et al.,
. ¥ 't -




While ‘the material used in theme studies was not
controlled for -eaningfdlno'a.to subjects in terms of
either content or organization, it does none the less
suggest that the organizational nature of the material
(albeit itposed) affects both recal) performance and
strategy use. For tasks in which an indivjdual nas &a

‘\high level (i.e., quantity) of knowledge, it can be

hypothesized that recall and retention will be better and

strategy use both more prolific and efficent due to the
more coherent and tightly organized natu}e of the I3
material (Chi and Koeske, 1983). ‘Further, in light of
theustatus dﬁ‘t%{ child .é‘én universal ngvice (Brown and
De l.oache, 19’8’t it could be expected that children's
recall performance and mnemonic activ{ty will be limit;d
due (at least in part) to their lean knowledge base;
This latter prediction has found substantial support in
the literature, however, knowledge base has uspally been
cb;fbunded with age. In an attempt to elimfhate this
confounding, %aus and Ornstein (1983) investigated the
naturehof strategic activity using stimulus materials
meaningful to adult subjects. One group of adults expert
in the game of soccer and another naiev: to the game were
given two lists of words for rehearsal and recall. The
first 1i§t was composed of words from—gbmmonly known
taxonomical categories, e.g., food, vehicles, etc.. The

second list was composed of words associated with the

game of soccer. For this second list all the woerds were
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) - .. —
known by both the experts and novices but were more

. '
meaningful to the experts. No digfsrences were found in
the recall ¢f either group for the list of cdmmon

g o4
taxonomjc matqg1als. As would be expected, the soccer

experts were ‘superior in recall of the more meaningful

- prey -

soccer related list, Ina subsequent examinatiord of the

rehearsal activity there were no differences in the

number of items from the common taxonomic list included

by either group in their rehears!l sets.  There were also 'Y

14 -
no differences in the number of items included in the
. :
A} -

rehearsal set from the soccer gelated list. There were

however, differences in the number of items in each
a

soccer rehegrsal set which were related or common in
& , .

A :
- ¥ure.* That is, experts were able to subgroup the

soccer material into related categories for rehearsal.

Wnile'the same number of items were included in the

YeRhearsal set, ao“’k%sawere not able_ (or at least, did

. » _—
not) sub group the material into related items. Both
i ]

groups d{d not difger in the number of category related

items the} included in their rehearsal from the common

-

M L - .
taxonomi¢ Yist. ‘ U

@

qi, From these results, it can be suggested that

\ t o
d¥fferences in the knowledge of 'the stimulus material

leads not, netessarily to variations in the presence of r’\‘\

L 3

‘e A . L. .
~general strategic activity (e.g., rehearsal) rather, it

'leads to variations in the form or quality of the



activity. These differences would appear to be related
to the inherent nature of the organization of the

material.

Throughout this section, it has been suggestcd that

[

both the quantity and the quality of a person's knowledge

plays a crucial role in the performance of a, task.

Allard and her collegues (Allard, 1980; Allard- and

Starkes, 1981; Starkes and Deakin, 1984) entertained.the

<

view that a well integratet task-specificvkﬁowledge base
allows basic perceptual-motor processing units to |
fuéction much more efficieptly and effectively. Chi énd
her collegués add the notion oé differences in the

squality of the knowledge base between the expert and the
. q »
novice, si.e., the strength and richness of links within

the knowledgg network increase (Chi and Koeske, 1983;

Chi, Feltovich and Glaser, 1980). Finally, differez;ss

]
in the representation of the problem task and subsequent

differences in strategy use were suggested between

experts and novices. '

L] LY ) AY —
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Partial Knowledge: A-State of Transition in the
; 14 " S T

v
.

’bevelopment of Skill

¥

, .
. Up to this poiptdkit has been emphasized that the

knowledge an individual brings to bear on a task is

critical to the outcome of that task. That is, |

performance is affected by what one already knows.



¥
Further, the product of what one knows will vary

_dramatically according to the context, or environment, in

" which the event transpires. At the same time it was

noted that two fundameptal observations have repeatedly
been made with regard to ‘the development of motor skills.

First, the movement patterns, oOr actién sequences, of a -

novice are at first characterized by great variability.

As skill is gained, performance befomes increasingly more

consistent and stable such that on repeated trials the

B
.

basic pattern “emains essentially unchdnged. Secondly,

associated with the development of consistency is a
'
concurrent deve]@"qnt in the flexibility with which the

skiil can be performed.’”Tﬁus, we are faced with'factoré

which tend to increase variability and the observation
a .
that performance tends to become more stable as

competence increases. . '\

»

) =
Piaget's (3971) classical notion of equilibration
describes knowledge as least stable during a period of

transition from naivete (or‘initial knowledge) to a state

]

of more mature knowledge. Others have similarily
‘suggested that‘a pattérn of varfabiiity in performance
reflects the Qnderlying accumulation of knowledge
(Siegler, 1983% Wilkinson, 1984; Fischer, 1980). The

notion of partial knowledge has thus become an important

;-‘;( . . .
consideration in the development of competence oOr skill,
: - ;

D
o
2
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Development of the Processing System

Three main models can be distinguished as
representative of this state of partial knowledge.

Fischer (1980) proposed that limited information
. . .

processing capacity, might result in a kind of homogeneity '

of reasoning ~inasmuch as the optimal level of processing”
gf the child ig at a particular level of sophistication.
Flavell (1982) and Pascual Leone (1970) havs offered
similar views. Case (1978, 1984) argues fromAbasically
the same perspective; Case proposes that the total
processingvspace is the same for adults as for children.
With development however, the proportion o(-}his space
that must be devoted to running basic opera;ions,

decreases thus freeing-up capacity for other tasks. Such
. ' ‘ ' + ‘
a view is consistent with investigations concerning
s .

processing efficignqy; Chi and Klahr (1975) reported
that basic opefhcifhs such as visual encoding and

counting con¥fnué to develop even after they have been
¥ .
overlearned. Similar results of increased processing

efficiency with devélopment have been:noged]by'other

4

.

¥ ?eating and Bobbitt, 1978; Hasher

investigators (e.g

" and Zack, 1979). L -

»

Efficiency of the Executive Processes

: ®
The second model proposed by Wilkinson (1984),
™y - . o -
derives from a theory of partial knowledge bawed on &,

structure-process pairing., Learning is assumed to occur
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tﬁrougﬁ a process of linking discrete modules or units of
knowledge. Errors may occur either through incorrect or
1ﬁsufficient knowlegé modules or. through errors in the_<
liaking or merging of the modules. Based on this view,
Qilkinson identifﬁed two categories of partial knowledge

which reflect each of the error sources. Partial

knowledge can be categorized as 'restricted' when certain
aspects of a task are done consistently wrong or
consistently right. Errors here are assumed to arise
from within the knowledge module, e.g., an"individual méy
possess a ﬁarticﬁlar performance rule ajgropriate for
some situations but which becomes inapﬁroﬁ;iate or

jhsufficient under other circumstances. The second ®

category of partial knowledge is that of 'variable'

knowledge. In this instance pérformance is typically

" inconsistent or variable. A particular task‘péfformed

c;frectly one time will, funder identical circumstances,

be ‘performed incorrectly another time. In this instance
Wilkinson suggests modular components of knowledge are
retrieved from memory separately and must bexlinked to
form a more complex action. Unstable performance can
result if the process of integrating the components into
a coordinated plan of action is inconsistent. Errors of
this type are associpted with def}ciehcies in an

individual executive process, é.g., self'mghiqoring. In

- this case an individual mey have access-fq declarative

Ehowlgdge but lack the appropriate procedural knowledge

i
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P -
to integrate the material. In the same way, De Sessa
(1982) refers to ehe application of 'deference links' (p.
60). Conaidering modules of knowledge as independent
agents which become concantenated to form action or
knowledge sequences (Anderson, 1982), certain orders .of
linkage are more likely, indeed mo}e necessary. than
others. In other words. certain modules must 'defer' to,
others e.g., general strategies or procedures'may defer
to more specific ones. Anderson (1982) suggested a
process of knowledge compilation in which task-specific
declarative knowledge is scrutinized by all the system's
extant procedures. Atythisfpoint contradictions or
inconsistencies.of facts or goals are identified. Once
such anomalies are found, alternative strategies or
procedures (if available) can be invoked (Markman, 1981).
Where such strategies are not available, the sub}ect may
fali back on, or defer to, more general but less powerful
strategies which have previously been vai‘ﬁfted (Siegler,
1981). Baars (1983) and Norman and Shallice (1980) have

developed theoretical models incorporating this notion of

it

deference. &dﬁ&ledge ma
i 2,

processors or beéome a-
¢ «%(f{’ ,/) Y ) v
on its pertlnencé to th~

e used by specialized

®n action schema depending

Vo , ®

N pertinence being :
S f

determined by;some intern%l criteria. of the,system, e.g.,

4 ¢

attentional influences, motivational influences, epriority

?

scheduling, conflict, etc.. : -



fthan,the varighility amqu ind1vidua
B N N RN T
that aﬁtributable to age. however, is’)

lfpar&ial drtifact ot a rg ricted age ‘range.

61
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Wilkinson (1984) hypothesized that wi}h restricted
knowledge, perfornance should be stable; with variable.
knowledge it should be unstable. Using a series of four
different types of Gounting tasks, each one based on an

increasingly complex combination of - basic counting

A
7

principles as proposed by Gelman and, Galllstel (1978),
Wilkinson had children approximately 3 to 6 years of age
perform counting skills. Each type of task tncluded 6
different problems ranging in size from 3 to 26 items.
Fitting the data‘to stochastic modele of‘partiaf;
knowledge, resules indicated that-nerformance“wes stable
across performance size and across subjects'’ ability oc
level of knowledge Qpeasured by the number of problems
done correc;iy). but increased as the number of cognit1ve
components (i.e., principles) nequired b§ the task
increased thus increasing the complegity of the task.
Further, stability was greatest ‘for low and high levels
of knowledge, and the least for 1ntermediate knowledge.

Thu”stability during the development of a (cognitive)

ski!l depends_ ‘on both the person's level § h_wiuledge and .

the’ gpqplexity of the task. An additio LI :."ﬁes,i

'd.‘be a

! i lk!"ns»on )
o

concluded that the development of (at least) skilled

’
counting during thé preschool years depends mOre on

lea®ning to nerge;anQ,co—ordinate units of knowledge, -
v, . -

1
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than pﬁ acquiring the units themselves. Gelman (1978)
sha;cgykhis view suggesting that, "the nature of
development (of .counting skills), at least from 3 years
of age onward, appears to be one of skill perfection'and
nat the apprehension of new principles" (p.234).

-

Adequacy of Individual Knowledge Units .

Siegler (1976, i978, 1981) rather than focusing on
the linking of knowiedge units, has focused on the .
development of inqreéﬁjngly sufficient knowledge modules.
/fﬂe suggests children's ;roblem solving strategies are
rule goyerned, with the rules progressing from leés
sophisticated to more sophisticated as a function of age
and learning (Siegler, 1978). To investigate -the
acquisition of knowledge pertinent to various scientific
concepts, Siegler (1976, 1§81) has developed-a ; .
methodology for assessing Ehe underlying rule structure
of performance. This methoaglogy has been applied to a
number of tasks and concepts}éncluding the balance scale
‘(Siegler, 1976), projection Qf;shadows (Siegler and Vago,
1978) and speed, time and dLitahce (Siegler and Richards$
1979). - .
The essence of the rule ;%sessment approach is to
generate a series of rules which might be>used to solve a
particular conceptual problem and then formulate problem

.

types that yield a distinct pattern of answers for each’ _
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specific rule, if used. The rule modeISrpredicb)whether

children.will answer each question correctly ér

incorrectly as well as the particular errors theﬁ«Q111

make.

Applied to one of‘Sicgler's (1976) earlier problems,
the balance scale proBlem,>four rules were described. '
Children usi;g rule I would base judgements solely on the
amgunt of weight on either side of the fulcrum. Children
using rule Ijgwould in addition consider &iséancc
whenever w;ight was equal. A child using rule ITI
considers both weight and diftance but, if the'se' two
dimensions are in conflict, the child resorts to
guessing. Finally; children usipyg rule Iy compute torque
and choose the side with the greater valu:W\.To‘assess
children's knowlcdge of the balance scale concept
(through the use of these rules), six problem types are
presehted. They are: balance Jroblems, with'equal |
amounts of welght equ:dlstanv%gfom the fulcrum; we1ght
problems. with different amo?nts of weight equidistant
from the fulcrum; distancg problems, with equal amounts
of weight different distdnces from the fulcrum, and three
conflict problems in which combinations of ngift and
distance dimensions ceme into conflict (conf11ct -weight;
conflict-distance; conflict balance). Using»this
combination of rules and problem types it is possible to

4

predict the percentage of correct answers as well.as the
'\ ;}
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particular errors children will make.

-

Basically the rule assessment approach assumes that
conceptual devélopment can be thought of as an orQéted
sequence of lea}ned. par}ial understandings (expressed in
the form of incre%pingly more adequate fules). Siegler |
(1983) suggests the 'adequacy' of these rules and their
subsequent adoption by a child may be based- on their
perceived accuracy in solving problems. Thdt is, if a
curreni rule is not consistently accurate in its
application, a child may.Qell try other hunches or
hypotheses. + If one of these seems to réliably predict
more accurately than the rule currently in use, the child

will adopt this hypothesis as her new rule.

While the new rule (assuming it not to be the mature

rule) will, be more accurate over a wider range of

kY

circumstances, it may in fact be less accurate in certain

"specific circumstances ¢ in which the old rule may have

been more effective). Only when the child assumes the
mature rule will performance Eeach a state of consistent
accuracy. With Wilkinson (1984), Siegler (1983) suggests
stabilisy of performance is greatest for low and high-
knowledge, and the least for intermediate knowledge but
for different réasoné. Wilkinson (1984) points to
deficiencies or errors in the linking of units of

knowledge. His arguement is built on the notion of

&
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inclusion, 1.;.; earlier developing rules ;re included in
later develbping ones (Flavell, 1972) which may in.fact
apply to some of Siegler's tasks, for example,. the

balance scale. Here, rule II, in which both weight and

¢ ;
distance are considered, actually subsumes and extends
/ (

/

rule I. Children must Qf(st éonsider the amount of

weight on either side of tﬁf/fulcrum. If they percejve
it to be equal, they then consider the distance of the
weights from the fulcrum. Finally, the proportions of

el

welight :o‘distance are considered. However, Siegler
(Sieglef} 1983; Siegler and Richards, l§79) points YOG
sevFralbother instances in which the initial.rules used
by children are not linked by inclusion to.subsequently
more powerful rules (e.g.. rules associated with the
concepts of time, distance and sbeed and those associated
with the conservation of liquid and solid qwantities).
Once children recognize that the rules they are using are
imperfect, they may start to integrate other aspects of
the task environment in an attempt to develop new, more
accurate hypotheses (Karmfloff—Smith and Inhelder, 1979;
Olson, 1970). Siegler (1983, 1976, 1978) suggests that
new rules do not necesarily evolve from old rules and

e . \
further, encoding is a critical component in the process

by which new rules are formed.’

Drawing together all three models of partial

knowledge, we may suggest success in performing a task is



4
determined partly by the completeneas or adequa&y‘of
. . ~
individual knowledge units, partly by the proficiencty of
the execytive processes in linking these units and partly

by the development of the processing system.

The Development of Competence: Some Phénomenological

Studies

One can not study learning without studying the
learning of something. The next section will revigw
several phenomonological investigafions which attempt to
follow the transition from naieve to expert status on
specific tasks. There ﬁs a striking similarity fn many
of the observations of each investigation. The scenario
which seems to unfold can be interpreted in light of the
previous discugsiOns.

QL

Learning to Balance a Block

Karmiloff-Smith and Inhelder (1979) had children
aged 4 1/2 to 9'1/2'years balance a series of blocks
across a 1 cm. rod. Four main categories of blocks were
used in which the cengre of>gravity was varied: category
I, referred te_as 'length' blocks, had weight evenly
.distibuted oyer the léength of the block (i.e., the
geometric cdntre of the block coincided with the centre
of gravity of the block); category 11 or 'conspicuous
weight' blocks, had an unevenAdistibution‘of weight over

the length of the block but was easily seeh’by subjects;
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category III, or 'inconspicuous wveight' blocks, we}e
similar to the previous category but had the weight
hidden in the blocks; and, category IV, 'impossible’
bloéks. which could not be balanced without the
application of counterweights (i.e., moving the posit’%n
of the fulcrum was not suffi;ient to achieve a balanced
.ltatc). The focus of the investigation was to observe
the 1nte?play between subjects' action sequences énd the
changing theories, or implicit ideas, thch seemed to )
underlie their problem solving responses.

An invariant sequence of problem solving strategies
was apparent wﬁich seemed more dependent on the absence
or presence of certain knowledge sfructures than on age
alone. That is, similar action sequences were observed
in many, children of the same age as well as children
across different ages. The older the child hgwever, the
more quickly he/she tende& to move thropgh'che sequence
of strategies. The critical determinant of' level of
perforﬁance was the dimension of the task subjects

perceived as being important to the solution and thus

encoded for use.

¢
v
.

The initial problem solving approach involved
placing the block at any point on the balancing rod.

-

negative results triggere¢\:i;hange in focus for subjects
% .

Oby*ly .this strategy was unsuccessful but such
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from the goal of balahcing'the block.itg one of exploring

the properties of the blocks in order ta.look a way of

balancing them. This entailed a strategy of attempting
. ‘ .
different balancing points and making corrections based

on the weight of the falling or teetering block. Each
time success was met, this information was immediately

used Lowinitiate the next trisl, Prelisinary auccess on
¢

[

“ centre balancing point and.in fact, became a very robust

the 'length' blocks seemed to suggest to subjects a

theory for subjects to the extent that they stubbornly
pérsisted in agplying the 'geometric centre thegry' as it

. :
was termed by the authors, despite negative results. ¢
‘ .

SubJects at this level were actually usxng a more

v

soﬁhiatlcated strategy than that used previously but they

.

were less successful in their results. While being
bas1ca11y 'dtta—driven' by the proprioceptive ffedback
£rom the falling block, initial level subjects vere |
successful in balancing not only the “length’ blocks but
the 'conspicuous' and 'inconspicuous' weight locks
(though not the 'impossible' blocks as they yuld not
provide the neceséary counterbalance). Hhilé subjects a
the next strategy level went beyond the mere facw of
balancing and were recognizing something about the
bdlancing position of tﬂe block and in this sense were
conceptually-driven, they wvere successful withfon;y the
'length' blocks and gave up in frustration on the others.

.. \

- : . T a N '
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T In terms of" what was beingcncoded‘ iy;mlloff Smith and

v Inheldef suggested the earl: strategy subjects eneegbd

n the result (i.e. that the blochk balanced). While they \\

were sen)itive to the sensation of the block fal]ing and
. » o
thex were not

used this to make subsequent correctxons

14
\concerned‘with the means of balancing and the use of this
: v . [

information on subsequent trials. . Sub jects using the

e .
- ~ latter strategy vere encoding the length dimensiop of -the

block in this case as a means to reach the balanceQ.

'y state. " That is, theblock w0u1d'?alance,if lengfh was

LY

equeﬁ*on either side of the fdlcrdm. In this Qense.

. sub jects had a theory on whicQ their actiongﬂtzgﬁ based,
N - even if. wrongly. Cohtradi@tions to this: theory were
. . - . : . ) .
v ; ' b .
__rejected.as exceptions. : : .

o -
* AN
-

« ¢

\ ' Subjects stuck tenac1od§&y to this st{ategy but did

™
"eventually. gdbeit reluctantly; make some changes. In \?

discussing what factarﬁimay precipitate such a.change,
Q;he authors proposevthat only when subjects percelve a

-3
B regular ,pattern ‘of events an¢ can extract a rule Pased on
. . -

. this ’patt‘e'rn. of invariance, are the‘? ablewto co:lri}der.
. . v N - R

N B ) ‘1 » - - ‘ ) -
counter‘exanples (ises; negative responses)y™@s something
B | ’ v

""other thanlexcévtions (p\204) Thus when the geometric
A' . l’&
T 'centre,bheory vas, fully consol1dated and generalized in

™
thei},j:nds, subjocts were able to perceive the ‘
. régnlé ty of counterexgnples and had to find some

.' . ’ .

* menlamasinm Fnr tham havand lanath (vhich after All vas
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the basis of the positlvef;esultspf th eqme.tric centre

theory). 1In this regard we1ght béqﬂle !*ew g‘n L ';;\.

fmportant consideration. In contrast to earlier levelr
eubje;gs who used weight as propr{oceptive feedback.
sd%jects at this new level negén io differ%ntiate between
weight as an absolute property and weight as a force .
which 1nteract§ wlth length, Inltlally veight and length
were used as two quite independent strategies, i.e.,

’ .
1 SUb_]ects \‘epq successful on the 'leng#h' blocks using

.{%‘n,gth'ﬁn‘aiCessful on*tl"e consp1cuous‘1e1ght blocks

’us1ng we1ght but unsuccessful on the other types of-

L blocks. Eyent-uallry howevert the twol dimensions were used
together producing success on the "nconsp1cuog’§yk‘e1rght
and 4'impossbib1e" b}ocksj In the, mature pattern, a

. - " .,
h . refinement of the previous strategy, subjects could
easily manipulz;t‘e both 1engtﬁ,(by altening the fulc’rusn) 9

and weignt (by applying counterbél‘a,n‘ce\s simultfa‘neously‘.,

o ' o : : o R

.

. -
o - ' ”

A 31milar encodlng argse‘ment ‘is prop.os"(,td Q}egﬁleg

. (Slegler 1976; Siegler’ and R1chards, l979) '\Q ‘ -, %

Karmlloff Smith and Inhelder (1982) Megleﬂ( 9/8'34., at
v l.( » )
p.273) suggests tha:r;wt;e‘s_ults which contradict =~ s‘
ot ‘ . . .. R
expectations may well trigger‘the’ learning process; but

*

,'Lhar. learning ;the process takes on1a/far different hue

\‘ for younger children than for olde children. Using the
. ; \ [} -
rule assessmsent methodology with the balance scsle task,

Siegler (1976) found children 5 .years of ‘age and 8 years

-
S
|

»
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of age equated for using the identical preliminany rule,
derived radically different lessonscfrom experience with
subsequently mo}, complex problems (i.e., conflict // .
problems) Older children tended to benefit from the'
expérience ‘and adopted a more appropriate rule (rule.
I11), younger chifdren did not bene£1t at a11 and

remained at rule 1. ' Using a variant of the L.
reconstruct:ng parqdlgm developthbyaChase and Simon
(1973), 5 and 8 year ol¢s were presented balance scale
configurations of disks on pegs for 10 seconds. A second

-

scale was then presented'and "subjects we;e to reproduce
the .original conflgurat:on of disks on the second scale
Fodr outcomes were possiblet both we1%nt (number of
disks) and position (number of pegs) cbuld_be reproduced
'>accurate1y; weight but not distance; distance butlT?ik '
weight; or, neither dimension could,be reproddced
eiactlyg Results showed oideY children whn werevassumed
to encodebbdth\weight and distance, did produce bgth
dimensions accurately. :quﬁger children assunied to ;',

encode weight but not d'istancqe; .pr‘ucpd iny,we‘iyght

configurations accurately. 'Further hen tra@ned i'n both
£

3>
what and how to encode, the pattern of%§ACodlng for 5

year olds on both weight and distance Vﬁs’slmllar to 8
yﬁa; olds (althdﬁgh at 4 lover absolnte liﬁfl of
accuracy). Finally. vhen retested on the balance scale
task, 5 year old alse benefited from experiencts‘in the

conflict problems (although still to a Lesser dehree han

]



8 year oldg): Thus, changes in encoding allowed children

. * ’

to acquire a nev dimension of knowledge that they would v
. o ) J . . '

not othArwise have been able to acquire. An ident’icgf.l~

pafle:n of results was‘fohnd'for }qand 4 year 81ds in a

. ! o v , s
sf ar experiment (Siegler, 1978). A & g @stinction
[ ¥ . f
d N . -
i9¥gWle here between what children -know and what they can
—— leé That issy improved enceding did‘not directly
T : -

s .- affect what the children knew but rather affected their
ability to lesrn by providing conditions wh;ch were

conduc¥ve to such activity. ‘Sieglef&§l976)'suggests a

i

ggnenﬂl three step view of development,

— \/ '

First, knowledge, s at a particular point, and
encoding of particular stimuli is well adapted
to the constraints of that,knowledge. Second,
the range of dimensions that are encoded

. expands, but knowledge remains unchanged.

“ 3 Third\hknowledge grows and becomes consia;ent

with the new encoding (p. 516). ° \
N \

- 4

- \ . .
l In general however, children are less likely to know

what attributes of a task would best be encoded'i#'a

* \particu}ar situation even if it were part of their long
term memory store (Siegler, 1983) and, further, their égé
o typically constrained experiential base reduces he " N

likelihood of such attributes being part of thgir long
term memo:y‘siore (Brown and DeLoache,.l978)/ Previous

discussions on the differences in organization and

representation of problems betveen experts and novices

further emphasize the relation between what is encoded

and the strategy brought to bear on a particuler tesk



- % (and the resultant performance)d(e g.,+Chi,

v

2’

Feltovich and

Glaser (1981) in physigs problems and Naus and Ornsteiﬁ

R3]
"(1983) on a soc.i task)r.- .
. ) * . .- "
arnin les of Movement :
,; i )
' In a secomd Phenomenological ‘iﬁest!gat1on into the

L4

dgt ‘pf learning, De,Sessa (1982) observed a group, of

‘!eight aixth‘g{rad‘astudents (age approx:lmatel’y 10 to ll

.,

o control a puter=gumded graphics sfmbol

. . ~ e fa.y &
(called a dynaturtle). Th% dynaturtle conform@d to o

1

years) lee'rn‘

-

“Newton's laws of motion and as* such was ,dependent on anm.
. L

understanding (elthough not necessarily formal}‘of vector

' U
addition for successful man1pu1at1on In a follo -up

experlment s{milar to the first, De Sessa had a '

Ld
'

unfversity freshman familiar with some hlgh school and
. L3
» : . .
!\ wniversity physics, attempt to contral the dynaturtle,

Subjects were asked to manipulate the object (th ough
J
the computer keyboa5e) to hit a central target Dq Sessa
”»

0 '
attempted to describe a(*genetlc task analysis' or,
Q} learning path(s) vwhich took subJects f}om the naleve
L .

'knowledge state to that  §f being able to solve the_ -

L} “
. . 1)

dynaturtle task. _ P
N \ ’
The observations-of De Sesea«in the physitsﬂg;oblem
and Karmiloff-Smith and Inhelder (1979) in the balancing
‘problem share some striking similarities. ps'uith

farmiloff-Smith any Inhelder (1979), De Sessa noted &

y:



dist¥nct from having a "theory'. Associated with

B - o g

(4

wable oveflap at the:
.

sixth graders although
» i [

@

De Sassa also descnibed subjects' actions as being

driven by an underlying 'theory' of the task. The term

"theory' is used .in the sense of that used by
. v .
Karmiloff- smi‘m Inhelder (1979, 'p. 208). They use '

the term to mean a set of under1y1ng ideas which serve to

¢

deé%rm1ne‘gr bias subsequent actions The child does not

intentionally seek to verify the theory through @

® R -

-counterexamples but rether, comes to recognize

counterexamples through repetition. The term

v - {

'hypdthésis' they suggest has tqe connotation of .

W - = [ ! . " '
intentionally setking to verify and should be seen as
1{
4 . N ' s

T N 'y -

subjects' theories were certain expectations of how the

~

. dynaturtle shlould move. When the response was in fact

cgptrar} to expectaf&on, the negative results tsiggered af

‘ change to the strategy. De. Sessa di$cusses the use of a
) ».

fanl1ng strategy by one particular subject wmich tax o Y

@ F

. repeated again and again. He “builds on ‘the arguenent

made earlier by K?;li})f}-Snith d Inhe}der’61979) that

reflect the strength of an

such persistent<repetition ma;
- Pl



< IR o ’ 75
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. o 'y o '. v g

old 't ory’ but goes on to suggest that it mm:’ jgkely '

re

refLeCta the subject's attempt at trying the p:bblem £rodjr;

e different angle so to speak As noted by De Sessa,

' aeen] as repetitions requirel a way “of

"attempts [to b

tﬁlnking about em as being the same (p. 45)". From the

, ,
. perspective“of e sgb;ect each attempt may indeed not

r
be the same. It is through this persistent repetit1om

s

that one evenfually develops an invariant recognition of

8 particulag‘situati‘on' o; é‘ even @s the specific

. v
frame”of reference changes. - .
/ .. ’
9
[,

De Sessa swggests that thl‘ugh development of an

invariant recognition of an evgc, subjects are actual ! ‘.

learning to focus on key featurds of.the event, a theme

already ec‘ﬁoed by Siegler (}?6') among others (Siegler A‘

and Richards. 1979 Wellman, 1983). Subjects w‘ere able

e : R T

. to ahift their focus from position as the relevant
W

dimension to that %f a rudlmentary vector ‘\otion of

P A

velocity. De Sessa describes the: process in terms of the

consolidation of a way of %13\411’18 events which in turn

a].lows the 1ndivid‘ua’ to generalize and extend a

«

,strategy " Initially subjects are-limited and controlled
7

by ‘the Specific context of their actions ‘De Sessa !
'speaks‘tf "natural patterns df development in which

context apecifics might be peeled avway from the

abatracted ideas (p. 56)". As the 1deas become more - ¥

-

finely develeped (through repeated experimentation) they

. -«

\ .
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become more av.’&nble to participate in the #xplanation
and be extended or generalized in their generic form to

q&her situations.

! ’ R / '
Learning Addition, Skills f oy T e xﬂﬁ& T
' La?i:r (1981) a&so ad ressed this notion of context :
4 -
in the learning process. Over a six month period Lawler«'J

followed the emergence of hddition-nelated»skills in a

.

Six'year old subject. As in the two previous
phenomenological investigations,*the focus was on the
impact of spec}fic experiences on the changing thearies

and procedures underlying the problem solving strategies

of the subject. Lawler suggests the child's world is
t’

made up of very, specific modules of knowledge he calls
R
microworlds , each one construfted throughsa number of
W .
experlencej in'a limiied doéﬂin‘of activity. The

‘subject of this investigation was described as initlally ¢

“

hav1ng three microvworlds related to counting skills but

L4 B '
’ L each” ong quite distinct from the other. For example. she

diénlayed*a 'moneywcount' world in which caiculations

were done in terms of coin denomination, a 'numerichl
- * L4 .
count' world in which mental galculations were done in

l -
.

terms of tens and counting numbers.’fnd a 'paper coyft'
. N

world whi dealt with columns of\digits and their

\intexact The way in whieh a counting problem was’
-

. ‘ e

prese'_- ,ernined which structure vas engagéd Infact

- 4 L]



- the next, the perspécti;e of the subject such that

structures unless rephrased to fit another context.
v

Thus, sccording to the context of a problem, differen ¢
: y b o

micrbworlds-are activated with diffe’!n'.)olutions. ’ %
vi “ . '

“
e
:

* ' . ,

De Sessa (1982) earlier suggested that the . ~
perupective of the child in interpreting‘aﬁ eveyt‘w?s
crucial to the strategy used. Lawler further sqggeqq&

. ' ~v
that the external information (e.g., suggestions from the
investigator) will be interpreted from that perspective

. )
and used only 1if it 'makes sgnse'. Thus, what 'makes
sense' will compleﬁeiy dominate everything else. For

xample, in learning to carry a digit from one column te
N 1]

~ -

-

'ghe could not see thé"l' as a '1Q0'swhen t umber '12"
. a4

L] . -
was broken into a '1' and a '2'. Infacty by breaking it p‘

- .

dgyn this way, from H%r perspective, ofie loses 'g't A

carrying rule subsequgnély impbsed on the child, made no

-

contact with the underlying(}dgic of her 'paper ;ouht' .

microworld and was thus dismisseﬁ in favour of one of her//~\<

own invention that ﬁgde perfect sense to her (although ¥

limited in its usefulness). > . ’ A

-

-

~

Lawler suggests that the traflsition in.strategies is
based on the surprising congruence of two strategies
(each originating from disparate microworlds). Thus,

when the subject resolves a particular addition problem

using one strategy and obtains exactly the sa-e"tsults

.

A

»
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‘s

using a different strategy, ,g\e'coincidence of the
v .
rTesults produces not only surprise, but a mo‘ent of

insight. Lawler writiﬁ. "the surprising confluence of .
@
results - where none should have been expected - could .

spark a significaﬁt event: the changing of a nOn-relatig‘,n"

<,

into a relation, which is the quintessential alteration . - .

0 e
required for the creatiom of new structuje (p.18)". .The

creation of a new structure is, in effect, the ’ A \

¢ . . B NN\

integration of two disparate microworlds into a new, more "

‘power ful microworld. E oR A
L ~ &

Lawler thus suggests a second instance that may
trigger the transition in develépmew‘to a higher level

of competence - the ,u‘nexpec‘ted congruence of Jtvwo simple |

s‘trét‘egies §¢the fi.r'st instance was that of c\ontradiction ’

+
-~

[

discussed by De Sessa (1982) and Karmiloff-Smith and
. 4 .e )
Inelder (1979)). Even so, the underlying proce!ses

wvhich lead to Such insight from either pers;’ective. are ~

-

pecul?£1ve1y the same: refinement of perspectives in ang
\
mierowgrld whlch in turn le&d to a much more bro\‘d

applxcat1on of the knowledge to new experiences, are

coupled with the reorganization of disparate microworlds

4

to form a. new structure., This, Lawler c}aiuyg, is real'ly

»
-

the epitomy of, 1ear<|ing.

» .
Taking Kevidence from the preceeding phenomenological

Zdies.‘ the next section vill attempt tp integrate some

T
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views®bn a possible theoretical basis of the fcquisitiow

.

of skill,
o
)

‘ ~ . '
A Framework for® the Acqyisition of Knowledge

~

Andersan (1982) hes* augaest.d a frameuork for the
acquisition of cognitive skill in which declarative

ed in procedures for

knowledge is directl
dural knowledge) ' when 8

vaomar

performidg %Pe skill (

L]

person is 1n1tially 1ntroduced to a skill, %he‘brocedural

< '
knowledge he/she brings is often vedk~and/[or™ " - om0
) |

inappropriage. ‘Anderson suggests this procedural

L4

knowledge is modified by declarative and metacognitive
knowledge derived from repeated interéctipns w;th the

task. Thps.uthz geonet;lc centre strategies of subjects

~1‘n.t'he_ Karmiloff-Smith and Inhelder (1979) investigat on

4;ro eventually modified thfough repeated trials'difng
)

.

the old strategies. Similarily, persisteni negatj, N\

results of Aria\toulia%based strategies on‘the r

¢,
dynaturtle provided suybjects with feedback crucial to a
’» “»

¥ shift in strategic acdivity. Anderson suggests that,
with|3rdctice. the domain-spgcific declarative knowledge
becomes enbedded within the(procedures eliciting-

conceptually -driven responses as opposed to the initigl,
Tt

data-driven response. Again, young children in th block

-

balancing investigation (Khrliloff-Snith pnd InheYder

1979) meade adjustments oq.efthe block began to fal

o N

) -

M\



'daclpratxve knowledge about action, tﬁ‘ﬁ

(Wall et al., 1985, p. 40). With prac*tice.'the i ,,

I),' .0
® ‘
(deea<Uriven) byt as their knowledge of the task
broadengd their’;erception of the task also chenged‘;nd
sctions became ihcreasingly conceptually-driven, i.e.,
theit pyrevailing theory bf the task and resultant .
expecta iohs as to what should happen guided their
. 4
actions|dnd feedback from the block was ignored.
. i
et al., (1985) argue from a similar perspectivg * \
N *- - |

for the development of the conscious control of action,
They suggegt inatg reflexes provide the ProCedural busi‘
from whioh voluntary actions emerge. (Hasher and 7ack
(1979) have suggested that”;udimentary metacognitiyl'
skills may bé\d‘gilable at iirth simédlar t% the inherent .
nature of reflex activity.) -Initial data- driven -~
interactions with the envi?onment provide Uﬁ% chlld with

information about thg world about her. Usi'ng_the notion . .

of knowledge compilation (Anderson.~l§82),they obderve 1
that, "atﬁfirst childrep's actions’ are mainly ’ . . "

data driven. however, as they 1ncrease Lhei;xetoae of :§-~‘E

R »ar g
4

-

th$F ;powledge to Jefine existing proce&pra*

e, ol

13
-

strategies being used in turn become embedded procedural
knowledge.yhich. instead of 1nterfering with skilled
action, actually give to it ;yﬂﬂ'FFEarance bfvfluidity.
fhe notion of automaticity is often associated with this

state. That is, an action sequence (or some part of it)

’

) : | | .
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is no longer mediated by conscipus cor‘ (Anderson,

; , »
1982; Norman and Shallice, 1980; Schuy and Fiske,
1983). Actions are spontaneously an EconBC1outl!;/’//fi

1nv6keg in response to the appropriate stimulus

conditfons. Flavell (1981) soggests that in~caseo vhere

V»l strategy (or action sequence) is so ovevionrned and
habitual, metacognitive processes lay 1nfu¢t be bypaoacd

Only in such ifistances where one must once again attend

[
to the sequence of eventl (e.g., when the-expected result =

'y
is not achieved or novel sequences are confronted (Norman

-l

and Shallice, 1980, p. 22)) need metacqgnitive skills be

i , [} oy
i{nvoked and an individual become awsre of her own

L4

actions,.
P . ) ) . ‘ .
Anderson (1982) 1tggesta a series of protedures (or,

in his words. productions) will} uith practice,, .collapse

’ l v

« into a simple, more efficient productios. A complex

action lay ¢ﬂus be viewed as being nade up of a series of
N

4 ~dig§i@§ qnits._ Adreagh is uastgred it may be ccnjoined
. ~\.. '-

L uo.fofq ‘a .ore complex task These conponents may become

so en.rained that it eventuelly becones difficult to
-\
- separate them (Schneider and Fiake. 1983). » At the same
time, & particular pction sequence may become a .

sub-routine in a variety of other sctions or action

' 'Ua¢Quencea.- De Sgssl 61981) 1abeis this sort of partial

Y
N

* vlngo»a fo;mqu distributed encoding,(p. 59). He
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V4 '
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]

body of kqovledge is well known and understood, the
"expert is able to 'bresk off' well used sub-routihes.
These, 1& turn, become automated and separately encoded.
While they might in fact be.redundant (as they ‘can be
Jhrived from first princip{es). De Sessa uaintaina such

special ceses are importent to fluid expert performance.

Another alightlr/different example of dﬁ%tributed

R LY H
encoding, one more typical of the novice, cah be

l
described in which a particular sub-routine or routine .
- . - . b‘
may be appropriate to more than one context. The'experp
may 'see' the multiple appiicatioﬁs but the novice may /
s - !

fail to make the connection. De Sessf (1982) elaborat&s:

~
/

When an expert eays a novice does not really
‘understand an idea, it might well mean thadt
the expert knows ‘a context in which the
student'might not be able to sPply the

idea i.e., the student lacks a uhv of
interpreting the context so as to see
the relevant idea (p. 60). ",
' ‘ _ |

In sum then, it is suggested that repeated

interactions with.the environmgnt provides one with tne‘:
B * ° . . )

basis with which existing procedural knowledge can be

refined. Once these procedures are well. known’they ",

become embedded action sequences which, under the
. -8 .

-

;appropy}ate én&ironnentaL conditions, can be .

[

automatically accessed either in vhdle 6r'in part. .

-,

A

. < . ) .
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Conclusion
-
Throughout this chapter, several points have come to
B ' q .
1light and need to be taken into consideration in

investigations of knowledge and-its influence on

performance. First, motor development is concerned with

.

action. As such, investigations into the development of
qkéllfu] activity must employ tasks characterized by both

~

cognitive and motor components. Secondly, it is evident

that performance is affected and mélded by an ar;ay of N
external factors. Brown‘(l982) among others (Jeﬁkins,

1979; Flavell, 1981), makes a s;rong case for the
multidimensional consideration of task-related factors in

the analysis of performance. Wellman (1983) makes a

similar arguement from a developmental perspective,

J/{R'Thirdly, discussions related to the concept of

metacognition and its interpretation in terms of hoth
performance and development, highlight phe difficulty of .
defining and understanding the gomplex role of
knowledge-related factors. At the same time it

emphasizes the need\té focus a;t&ntion on this area. In

the same vein, labeling different categories of knowledge

is as yet still somewhat arbitrary; however, it may

provide some general consensus-for the interpreta%&oﬁ of
knowledge-related fdg{ors across investigations, ¢
Fourthly, performance’must be considered within the

specificity of q/;articular task domain. While some

attention has heen given to general strategies and ¥

A /
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proces§e§ (c.f. Siernberg, i985), it is clear that task

specifié;khpwledgg. in terms of both its quality and

huantity, plays a crucial role in the way-in which an
individual chookes to execute a task and thus in the .
A .

develbpment} f‘skillful performance. Finally, both gge
o :

- and experience must be considered as critical factors in

the devélopment of a skill,

Exploratory studies of\a descriptive nature are’
needed./ The effects of manipulating task factors not
only in a.single performance, but with different age’
groups and with single subjects over time, need to be
investigated. Changes in the knowledge base as a result

of different task interactions also need -to Be studied on

the same basis. ’ . .
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CHAPTER 3. R :
- "~ METHOD AND RESULTS ‘ ‘f , |

Fxperiment 1

~In this chapter, a series of four experiments will

be destribed, each one separately. Taken together, the
b ] LY . .
gfperiments‘attempt to investigate the dynamic

interaction of Eubjects' extant declarative and

procedural knowledge regarding the nature of the ’
. . ¢

v

. experimental task, and how that knowledge 'is used under !

variable conditions as well as the resultant effect such

action haé“pn the original knowledge base. A

Methodology - -

The methodof%gf for this investiga}ion was syggested by
Siegler'é (1976) rule assessment technique forﬁas.gi‘ng
N knowledge. \Ehe rYle assessment technique is based on the
assumption that cégnitive development can be
characterized as the acquisition of increasingly more
powerful problem solving rules ;ith age (Siegler, 19;6).

Ewgdence of these rules is assumed to reflect the child's

knowledge state. Siegler (1978) suggests that the child

makes a series of binary decisions in solving a problem
hY .

and. that these decisions are based on rules. To the

extent of her knowledge base, a child will be able to .

appropriately use certain rules or procedures in the
\ |

\

85 ‘
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. deciéion making process; however, once the level of

difficulty of the problem exce§ds the Younds of the

knowledge base, ;ecisions will be BaSed on an_ =

inappropriéte applicatiop of those rules. 'A positive

correlationwbetween‘the ability to use each rqle and age
\ .

should suggeét a developmental patte}n. Also, to the —

extent that thefe is a relation between the declarative.
knowledge and procedural knowledge (as defined in the
context of these experiments), certain knowledge-base
?elated pgttérns shouldfgmerge élong with the o
developmental patterns. That is, both within and between
age éategories knowledge based patterns sﬁould emerge.
Specifically, the' scope of the declarative knowledge-base
and its expression might influence the procedural

kn&wledge of the children irreépecti;e of age and would

be rYeflected in a particular response pattern which might

Eg;4be congruent with the deVelopmental one.

Briefly, the procedure involves the experimentor )

generating rules (through a task analysis) to solve a

- specific problem. Problem types that will yieid a

distinct pattern of answers based upon the rule used are
then formulated. The pattern of errors is used to infer

which rule has been applied. - *

While any methodology is limited by the

investigator's initial hypothesis (such is the‘'natufre of
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© .

.scientific inquir( (Kuhn, 1962)), Siegler's prbcedure has
'c:;Ed as being too déterministic. That is, the
rules that e used may ;e inherent within the
methodology. St{auss and Levine (1981) have suggested
thag?£he choice of bothfthe task and the format (i.e.,
forced—cﬁoi;e judgements) dictétes that certain rules be
used." If both a free choice format and different tasks
were used, they assert that different rules would most
probably arise. These points are certéinly acknowledged
by Siegler (1981) and are taken into account by thé\
versatile and flexible applicatién of‘the methodokdgy in
, .
providing convergent evidence. of rule use (e.g., Klahr
and Robinson, .1981; Si'egluer, 1981; Siegler and Richards,
1979). On the other side of the issue,‘some cfiticiém
has been leveled against methodologies.which use an
unconstrained frameworé (e.g., Piagetian) in which
subjects are free to determine their own solutions. It
is suggested that results of such investigations may bé
cpnfoundedvby factofs sssociated w;th cognitive gtyle

4
(Neimark, 1975).

The methodolog;"used in this investigation

combined both constrained and unconstrained compOnents./

"The second and fourth experiments involved forced choice

judgements as well as an open-ended estimation of

.

distance. In the first and-third experiments, subjects

vere required to actively participate in seeking a

~
-
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solution to the problem. The initial experiment was

N

directed towards measuring predominantly procedural
kﬁ&wledge in a simplified task in order to monitor
pe(ceptual ebility in ;ubjects. The second experiment
uﬁékdirected towards measuring mainly the—declarative
knowledge of the subjects (i.e., knowing what); the third

experiment was directed towards measuring mainly the
'proc;dural knowledge of the subjects (i.e., knowing how) h
and the fourth experiment was directed towardé méasuring
any changes in the declarative knbwledge from e*periment

2. Experiments 2 and 4 also measured the abcuraty of

subjects' predictions (i.e., mgthco&nitive skill),

It should be noted Lhat the rules that have been
deri?ed for these experiments can be considered logical
rules. While.they may not necessarily be psychological
rules, they do in fact logically constrain the task
(Kiel, 1980). That.is, each subject may ;ationalize the
approﬁriate~movements of the experimental instrument (to
be described undef '"The Task') in a slightly different
fashion; however[ no matter what form they take, in the
final analysis the procedhres must conform_to'the 'rules’
generated by the investigator in order for the task to be

succéssfully ‘exdtuted.

Sample
4

A total of 72 female subjects participated in the

©
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study. Eighteen subjects were selected from each of four

—-age categories. Thoge whose birth dates fell between '

January 1, 1978 and December‘3l, 1978; January 1, 1976
and December 31, 1976; January 1, 1974 and December 31,
1974; or January 1, 1972 and December 28, 1972 were
included in ;he'pool'of 5, 7, 9 and‘ll‘year old subjects
resH'sglye]y. Full scale IQ scores as measured by theo ’

'Primary Mental Abilities Test or the Canadian

Lorge-Thorndike Test were within the normal range (i.e.,

85 - 115).. These tests were done as a normal part of

~ /

school procedure.  Selection of a pool ot all subjectf

meeting the age and IQ criteria was done by the principal

of the school. After questioning, those subjects

acknowledging prior exberience with tasks highly oriented
\

towards the experimental task (e.g., ice hockey,
billiards and computer games) were excluded. 'Random
selection of the subjects to be inciuded in the ;}udy was

’ /
then done by the investigator. -

Three schools in close geographical vicinity
within the Edmonton Public Schogl Systenm wére used.
\
Subjects with known neuromusculak. physical, sensory, or
behavioural.disorders which could preclgde manipulation
of the‘equipment were excluded. All.subjects were right

hand dominant.

1

Parental permission was obtained thr§ugh either
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a permission or non permi s (see Appengdix A).
. t

f / ‘
: The Task

The task involved rolling a 3/4 inch steel ball
down 8 15 inch chute such that the ball would rebound

directly off the side wall of®the box and hit a target

square to the back wall (refer to Figure 1). The chute

could be moved laterally across the base of the box.

, D
s VYISO oo “ .‘77
0 71
T 3 ’ .
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4

Figure 1 . Schematic diagram of equipment

illustrating the criterion task.

!

{
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If the ball missed the target, the subject had to
4 /
know (at least in relative terms)in which direction the
shute should be moved to make the correction (refer to

Figure 2). This information may be expressed in the form

of a rule.

If the ball travels to the right of the
target, then move the chute to the left

If the ball travels to the left of the
target, then move the chute to the right

Figure 2 . Movement of the chute; a) ball rolls to\the
right of the target, move the chute to the left; b) ball
rolls to the left of the target, move the chute to the
right. (Continuous line represents initial path, broken
line represents corrected path.) ’

Apparatus

The equipment consisted of a 3 X &4 foot piece of 3/4
inch chipboard with 1 inch chipboard on three sides
(refer to Figure 1). The surface of the apparatus was
finished in white arborite to minimize frictional forces
and diminish environmental cues subjects could use when
aiming at the target. A 15 inch stainless steel chute,

constructed at an angle of 55 degrees off the vertical\
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was used to project a 3/4 inch steel ball. The chute was
lined with 1/16 inch rubber in gorder to eliminate all but
forward spin on the ball as it Jeacended the chute. The
ball rested on a metal pin inserted through two holes 8

inches from the top of the chute, and was released by

withdrawing the pin. The pin was released by the

expepimentef to ensure consistency in the release. This

release mechanism was used»to remove as much of the motor

component from the task as poussible.

The chute was mounted on a mitre angle and could

rotate through 120 degrees. The base of the mitre angle
rested in a dado groove allowing the entire apparatus, -
i.e., mit;e angle and chute, to move across,.the width of
the board. The chute could thus rotate in an angulér
fashion and move laterally across the board. Angular
rotation was measured using’a protractor on the mit:e
. A
angle and lateral position uaé measured from a ta;lor's

tape measure glued to the back of the edge of the base

board. A fine metal pointer projected from the base of

the chute to the tape measure. An opaque piece of

plastic projected over the mitre angle an ‘piece of
- * 4

aluminium projected over the tape measure Buch that

subjects could not derive cues from the measdrements in

making any of their decisions.

A piec.i of white adhesive tape was placed

/
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laterally across the board, one foot from the back wall, \

Cont;aating “(k lines veie sarked on the tape every 1/4
inch. This was done so that the path of the ball
relative to the target could be clearly picked up by

video for measurement purposes.

The board was kept level by adjustable feet o
the bottom of the base hoard and by use of 4 carpenter's

level., '
Procedure

* Priar to 1nitiation of experiment 1, each.subject
was shown the path of th; ball as it rolled out of the
chute. No target wa; used. and the ball ?ebOunded of f the
back wall. This procedu%e was repeated three times in
order to confirm to subjects that the ball did indeed
follow a 'true' path,

r

Fach subject was then required to participate in a

~

primary task to screen her ability to manipulate the

chute. Subjects were required to line the tip of the'

chute up with a mark on the board by moving the chute

laterally along the board such that the lip of the chute, "

touched the marker. Metric measurements were made of the

accuracy of these movements. This was repeated for three

targets - one to the right hand side of the board, one to
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the left and one in the middle. Those subjects who

varied more than 1/4 inch. from each target were to be

eliminated. No one was eliminated from the ‘{udy.on this

”

.basis.

This experiment was desiéned to determine the
appropriaten}ss of the.task to the age range selected for
the study. While the preliminary tasks made it clear
subjects.were able to effective}y manipulate the chute,
the experimental task itself had to be one.subjects of

«

each age group could SUCcessfdlly perform. Thus, in this

experiment, the basic criterion task was presented to

each sub ject,

The chute was initially positioned to the far right
of the board. -The angle pf the chute (controlled by the
mitre angle) was set at 60 degrees to the ;ight of the
vertical and not changed throughout the experiment.
Subjedts were told that they were to position the chute
such that tho‘ball, when released, would hit the taYget
directly, i.e., it could not hit a wall first. Subjects
were each given up to 10 trials to hit the target. If a
subject hit the target prior to the tenth trial, ea;h
trial subsequent to the hit was r:corded as zero error,

The chute was not repositioned to the far right between

trials. No time restrictions were placed on subjects'
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Yactivities. When the chute'VGS'QOlltioned to the
satisfaction of.fﬂi subject, the principal investigator
pulled the pin to release the ball. (The princ‘pal
investigator always released the ball to ensure |
condistency.) Measurements were taken from tbhe tailor's
tape attached to the front of the board. This K
measurement refJected the position of the clute

horizontally across the board. The tailor's measure was

directly comparable to a4 parallel line drawn through the -

target. As such, it was also a. measure of the distance,////

hd -
s

between the path of the ball and the target,

[N

»

Six targets were used all placed on the same
horizontal plane two inches apart. The pattern of
targets is shown in Figure 3. 6n1y one target‘ was
visible at a time. Target presentation was digram
balanced such that every target was followed hy and
preceeded by every other target. No feedback was given
to subjects with regard to movement directions. accuracy,

etc. by the investigators. Only the actual path of the

ball could be used by subjects as direct feedback.

This resulted in a 4 X 6 X 6 X 10 (Age X Order X

Target X Trial) design with {epeated measures on the I:Bt
LR
two factors,



Ffgure 3 . Placement of targets for experiment 1.

-~

Performance on the Direct Aiming Task: Results

{ The.results will be discussed from two perspectives.
First, task faktors which had an effect on performance
will be analyzed through the results of the analysis of
variance. Subjects will then be‘classified by degree of
knowledge and the data will be analyzed in terms of |

developmental trends related to that knowledge.

“

Task Factors
The dependent variable was subjects' error scores

/ ¢fflculated as thé distance (in inches) between the actual

path of the ball and the.carget. bifferences in group

performance were analyzed using a 4 x 6 x 6 x 10 (Age x

Order x Target x Triel) analysis of variance with
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repea}ed measures on the last two factors. Significant

I}

main effects for age, F (3,48) 7.22, p < .001,

target, F (5,240)'= 19.13, p < .00l and trials, F

(9,432) = 34.16, p < .001 were obtained as well as a

-

significant age‘by trial interaction, F (27,432)

1]
[l

.13 ,

1=

P < .001 and order by target by trial interaction,
(225,2160) = 1.47, p < .00l (refer to Table 1). A
similar pattern of results was found using the more
conservative reeﬁhouse Geiser procedure.. Post hoé
analyses oﬁ):fe‘means were done using Scheffe's fests.

As was expected, significant developmentai trends
were apparent with error scores decreasihg as age
increased. Five and seven year olds tended to show
similar performance characteristics as did the Y and 11
year olds éithough significant differ;nces were noted
only between the 5 year olds and the two oldest groups
(i.e., 9 and 11 year olds). Also as expected, initial
trials, particularly the first two, were used by subjects
to orient themselves to the p;bper directional movéments
and were .thus more errorful than subsequent trials which
were used to refine the aim. This was particularly true
for the 5 year olds. g

In general, performance accuracy increased with both

age and the number of trials. That is, subjects' error
scores decreased with both age and practice. Further,
as age iﬁcreased, less practice was needed (i.e., fewer

trials) to attain the same relative accuracy. For



Table 1

summary Table of F-Katios for Direct Aiming Task
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—t

Part of Model

Sum of Degrees ."Mean F
Squares  Freedom . Squares  Ratio

Probability

Ay 6,73 Sy .o3gL91 0 * 7.22 0.00%
0 20.70 S 4,14 0.77  0.576
AO 33,00 15 2.27 0.42  0.964
S - within groups 2954 .40 48 5.38 i
*
TC 165.45 5 33.09 19,13 0,001
AT 25.05 15 1.73 0.96  0.492
OT 42.00 25 1.68 0.97  0.507
AOT 141.75 75 1.89 1.09  0.309
TS - within groups 415207 O\ 240 1.73
(] . ! ’
Trd 297.81 9 333.0’ 34,15 0.001*
ATr . 133.92 27 4.96 5.12 0.001%
OTr 37.35 ©45 0.83 0.86  0.724
AOTr . 118.80 135 0.88 0.91  0.736
TrS - within groups 414.72 432 0.96 ‘
TTr 18.00 45 0.24 0.54  0.99%
ATTr 30.80 , 135 0.88 0.91  0.736
OTTr 146.25 225 0.65 1.47  0.001®
AOTTr - 290.25 625 '0.43 0.96  0.731 ¢
TTrS - within groups 9508 40 2160 0.44
A
o

Age, bOfder. CTarget, dTrial

®p < .00l

-~



example, as shown in Table 2, after omly one trial, }he
average error for 11 year olds was 0.049 inches (Ml =
0.337, M2 = 0.049)., The same approximate error score was
Eeached by 9 yéar olds on the third trial (Mx*= 0.280, M4
= 0,078), by 7 year olds on the ninth trial (M8 = 0.12&.’ d
Mg = 0.087) and by 5 year olds on the .tenth trial (M9 =

0.138, 0.011). Thus, the ol'der subjects were able

M =
19
to use the information gained in previous trials more

.

efficiently. - .

The overall size of the error scores as reflected in
table 2, indicates the ease with which all subjects could
Eerform the task. As noted in the procedure, this task
was used to observe subjects' motor responses in
ad justing the chute on a very straight forward ﬂ //
application of the rules. - That is, if the ball rolled
past the target to the right, the position of the chute'

: : '
was corrected with a movement to the left and, vice
versa, if the ball rolled past the target to the left,

i

the pbsition o! the chute was corrected to the right.
Subjects very easily made the appropriate corrections in®
both size and direction such that, by the tenth trial all
age groups were performing a; approximately the same
level.

Whiae the overall task was fairly easy for the
subjects, some targ?ts presented in a particular order

were more difficult during the first two trials. This

was particularly true for the more distant targets



" Table 2°

e

-

Mean Error Scores (in inches) for cach Trial as a Function of Age
- ‘
Age (in yrs.)
Trial x 5 7 9 [
1§ .
] 1.922% 0.692 0.774 0.337
2 . 1.056% 0.297 0.279 0.048
3 0.460 0.169 0.077 0.056
4 0.291 0.135 0.034 0.006
5 0.363. 0.132 0.030 0.002
) 6 0.263 0.151 0.027 0.008
I 0.176 0.123 0.020 0.002
8 0.136 0.124 0.009 0.000
9 0.13%,\ 0.001  0.000
10 0.010 0.000 0.000
*p ¢ .001
/"\

100
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‘relative to the start point of the chute (the chute was
;eturned to the far right of.the board between targets)
when they were presented early in the trials. The
increased difficulty of the task may have diminished
Qubjeqts' ability to pigiﬂout key cues in making error
corrections, for example the ratio of movement in the.
chute to lateral displacement of the ball as it rolled
down thé board. Such information would be more ,critical
. to the targets to the left of ‘the box. This relétionship
is reflected in the order by target by trial interacﬁion
(see Figure 4). In order to tease outvthe interaction,
targets were grouped into an easy and a 1ifficubt ]
category according to results of the Scheffe post hoc
tests. The difficult targets were largely those 'to the

left End the easy ta;gets those to the right of the box.
Trials 1 and 2, 3 and 4 and, 5 throughAiO wereAa;go
grouped using the same criterion. The order of
presentétion did ngt seem to suggest such an'intuiiively
appéqling rationale for groﬁping although'it would éppear
the most difficult order was that with the most difficult
tasks in the initial positions. H;wever, it was the

interaction of a difficult order with diffictlt targets

dﬁringvthe first two trials that caused subjects the most

difficudty. | ‘
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Knowledge-Performance Categories of Sub jects

3

: )
A crucial assumption in this investigation is that
™
the performance error score of the subjects is a direct
reflection of their underlying procedural knowledge-base

on this gtask. In other words, the knowledge categories

o

computed for the task may also be thought of as

performance categories. Knowledge categories were thus
) O

developed based on the size of the error scores (i.e.,

N

subjects' accuracy). Error scores on each trial were

summed across all six targets for each subject

\
separately. The Root Mean Square Error referred to as E

(Henry, 1975; Schmidt, 1982), wes‘'calculated using the

following formula: g

n . 2
Eo= \d/fgiiil_:_ll
B

—

where X is the score on Trial , T is the target, a#d n

is the number of trials each subject performed.

The frequency a%d distribution of E was calculated
for trials 1, 2, 3, 6 and 10. Such a series of trials
was used to refléct the learning going on particularly in
the first three trials. Three knowledge-performance
categories were then determined for each of these trials

based on the error score at the 33.3 and 66.7 percentile
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pbints. Actual boundary figures tor the

knowledge-performance categories are found in Appendix B.

Subjects within all age grohps’wqre then classified
as befng low knowledge: medium knowledge or, high
Aknovledge for each trial (i.e., trials 1,2,3,6 and 10) in
relation to the total grbup depending upon their error
scores. As was pointed out earlier, differentiating
between declarative and procedural knowledge is difficult:
in practice. It is suggested, at least from a conceptual

stand point, that the pfedominant form of knowledge being

tapped‘in this experiment is procedural.

Clear developmental trends are evident in the
knowledge classification dfta as presented in Table 3. A
preponderance of 5 and 11 year olds were classified\ag
low and high knowledge respectively, particularily in the
early trials. Seven and nine year olds were classified
in the transitional middle knowledge group in the early
triaisl It may be suggested that performance on the
second trial best reflects the status of subjects!
knowledge-base coming into this task befgre any léarning
has taken place through\subsequent trials. (Trial one
may be considered a 'blind' trial.to which appfdﬁriate
knowledge-based rules are applied to correct any errors.)
The greater variability reflected in 5 year old subjects'

fluctuation between the low, medium and high
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Table 3

UDistribution ot Subjects by Age and % e Categories

—

-

\l
Age

Trial Category 5 7 9 11
L 11 6 2
| M 3 9 7 9

H 2 3 7 11

L. 12 6 P !
2 M O 5 b 9
' H 0 7 9 12
L 3 8 3 1

3 M ‘ 3 3 10 7

H 2 7 S 10

L o} 9 ) 0

6 M 0o 0 0o 2

H 10 13 15 16

L 5 3 0 O

10 M 0O O o0 o0

H 13 15 18 18

L = Low, M = Medium, H = High

\~
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knowledge-performance categories indicates the g;eater
number of orienting trials needed by this group.

Further, the lack of such variability in the 11 year olds
as well aq;their total placement in the high knowledge
group some where between trial-B and 10, reflects the
ease with which they achieved éhe targets. While showing

somewhat more variability in the number of subjects
fluctuating between c;tegories, nine year ole were also
categorized in the high knowledge group some where
between trials 6 and {0. Very slight developmental

trends are evident in the tenth trial but, by and large,

all age groups were able to achieve the targets.

The categorization of subjects, particularly on
trial 10, coupled with earlier results indicating the

achievement of very accurate aiming in the task,
indicates that the basic experigental task is indeed
appropriate‘for all four ege groups. That is, all four
age groups are able to pe(forn the task successfully.
This suggests the prefence of a level of motor competeqfe
necessary for mani;ulation of the cQste in a very refined

fashion and a level of cognitive knowledge sufficient to

interpret the task correctly.

Having determined the appropriateness of the task
for subjects, it is now possible to manipulate factors

within tﬁe'taak in order to further investigate changes



¢ o

in performance due to age and those that can be ascribed

to level of knowledge within and between agéd hrohps.
- (” N

>
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Experiment 2 .

v

With the results of the initial experiment in hand.
the second experiment was design®d to assess subjects'
combjined decl.arltive and procedural knowledge of ‘
essentially the same task as that of experimént 1. It
was assumed that if subjects could accurately a;d
consistently predict the path of the ball under variable
placements of both the target and the chute, they must
have a knowledge of thé underlying principles which
determine the ball's path as well as the procedures
necessary to apply those principles. Evidence of the
presence or absence of this declarative and procedural
knowledge was assessed through subjects' predictions of

the path of the ball in terms of a) the direction of the

prediction (i.e., above, below or, hit) and, b) the
distance, between the predicted path of the ball and the

actual path of the ball,

Sample

The same subjects used in experiment 1 were used in

experiment 2.

The Task
r -
The experimental task was baseéd on the one used in
Lo ?
experisept ). Again, a steel ball was rolled down the

joer, in this experiment. the ball was reauired
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to rebound off the side wall of tﬁt.box and hit a central
target as shewn in Figure 5. While the perceptual
reiuirements in judging distances and lining the
epparatus up tjth a t.rgef are common to the tasks of
hoth experiments and the underlying rule structure is
essentially khe same, there is8 an increase in the task
demands of the experimentAl task of experiment 2. In it,

subjects must line the chute up with an indirect unmarked

target (on the sidewall) and(make ad justments based on

4 " -
this target. Themggact nature of the effect of

increasing the demandQ;QS note€rucial at this point
h 2

o
-

(i.e., vhether the demands are additive or multiplicative
in nature). What is of interest here are changes in the
procedural knowledgs;\Jfor those subjects able 'ta

skillfully handle the first (direct) task, increasing the

task load (keeping other factors constant) will provide a
s{tuation in wQ}ch problem-solving skills will bé
required and im which it will be possible to observe
variatisn in 'the procedural performance (relative to the
associated declarative and p;Bcedural knowlege-base of

the children in experiment 1). CoN

Vl

* k4
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Figure 5 . Schematic diagram of apparatus iliustrating

the criterion task. ’ s

In this experiment, if the ball missed the target,

“

the subject had to know (at least in relative terms)

&«

where to move the contact point on the side wall, in B
order for the ball to eventually hit the target, i.e.,
further away from t¥We base :(up) or closer to the base J/
(down) (refer to Figure 6). Thus, the information may be

expressed in the form of two rules.

>

If the Ball travels above the target, then
the contact point on the side wall should be

lowered .

If the ball travels below the target, then
the contact point on the side wall should be

raised *
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B VA4 —y —
a b -

Figure 6 . Movement of the side contacqypoint; a) ball
rofIs above target, move contact point down, b) ball
rolls below target, move contact point up. (Continuous
line represents initial path, broken line represents
corrected path.)

The point of contact was controlled through
manipulations of the chute. The subject therefore had to
know the consequent directional effect of each
manipulation of the chute. (The rules as stated here
assume a right wall contact point; however, if the left

->
wall were used, the direction of movement of the chute

"would be reversed. A right wall contact point was always

used in this series of experiments.) The lateral

manipulations of the chute may be expressed as rules

(refer to Figure 7).

A lateral movement to the right causes the
side wall contact point to be lowered

A lateral movement to the left causes the
side wall contact point to be "raised



- ‘
Lateral movements to adjust contact point; ¢

Figure 7 .
a Eateral movement to the right lowers the contact poil
b) a lateral movement to the left raises the contact

point. (Continuous line represents initial path of the
ball, broken line represents the corrected path.)

’ In general terms, a lateral movement in the
direction of the contact wall will cause the contact
point to be lowersd amd thus, the rebound path of the
ball off the side wall will be lowered. A late;al
movement away from the contact wall will cause the
contact point to be raised and the resultant rebound pa

3

of the ball off the side wall will be raised.

JE—

Apparatus ’
As seen in Figure 5, the apparatus was essentially
the sameé as that used in experiment 1; however, the
central target was a small bell hung by a tgfead‘from a
wooden boom a;tached to the xear of the back wal}.
Several brackets were placed on the back wall such that
the target position could be changed. Target positions

were also chenged by altering the position of the bell

- &
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hanging from the boom. Small nics were cut in thé“%oom

‘to ensure consistent placement. Aﬂpiecg ofryhite tape

was also placed vertically down the board such that one
N

edge intersected the target position (this piece of tape

replaced the horizontal piece in experiment 1). The tape
. // .

was moved as the target was varied. It thus represented.

a vertical line between the frent and back of the box on

which the target rested. Apart from ensuring accurate

measurements, it helpe@fto orient subjects in predicting

the path of the ball relative to the target.

Procedure

The chute was positioned such that the ball would
rebound off the right side wall and hit the target.
Subjects were shown individually, that the ball would in

fact hit the target. qsawiece of coMlired chalk was used

to mark the position of the chute on the board at this
point. In this way, subjects should (could) have known
that>§be bail would hit the target when the chute was
lined up with the coloured chalk mark.

Four variations in which the lateral position of the

.chute was manipulated (angular position was maintained at

- 60 degrees) were shown to each subject individually.

Each manipulation produced a missed target either above
¥
or ;elow (as in Figureé 6 and 7); however, at no time was

the ball allowed to roll down the chute. This was done

%
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to prohibit feedback. Two instances of each variation
were given - a near miss and a far miss (Figure 8)', Two
cz}ch trials in thch the ball would hit the targe;;were
also included. The rationale for including two égich
trials stems from there being two basic categories of
misses - abbve and below, and two instances of each (near
and far). The'catch trial was seen as a third category
of which two instances would be necessary to keep the
probability of occurrence unbiased (i.e., there was ah33Z
chance the ball would 2011 above the t;'«r‘. a_332 chance
it would roll below the target, and a 332 chance it would
hit the target). After viewing each variant, subjects
were first asked to predict where th; ball would go based
on a five category scale: a) hit the target (H), b) roll
far above the target (AF), c) roll just above the target
(AN), d) roll far below the target (BF) or, e) roll just ¥
below the target (BN). (It was established prior to the
experime&t that subjects understpod each of tﬁese
categories by having them point out the relative position
of each on the board. Further, instructions were
repeated prior to each trial.) Subjects Qere tthen asked
to draw on the board, the path of the ball relative to
the target. (A chalk line was used and wiped o?f‘after
each t;ial.) The distaﬁce between subjects' estimates of
the path of the ball and the actual path of the ball

(previously determined by the investigators) was

calculated.
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Figure 8 . Near and far misses of the target.

This procedure was repeated for six different
ﬁa(ge;s. Figure 9 illustrates the placement of the
targets. Targets were altered by changing both the
lateral position and angular position of the chute.
Subjects stayed in the same order as they were in the
first experiment. A total of 36 probiéms were presented
to each subject (4 lateral movement problems repeated for
6 térgets, plus a total of 12 catch trials). More
specifically, each subject received the followihg

problems:

(6) above near

(6) above far .

(6) below near

(6) below far - .
(12) hits (i.e., 12 catch trials)

Presentation order of the conditions was digram balanced
such that each condition was preceeded and succeeded by

every other condition.

Thus, the research design was a 4 x 6 x 6 x 6 (Age x

[

Order x Target x Condition) factorial design with
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repcated measures on the last two factors. From the

measurements taken it was possible to determine a) the
ﬁredicted category of error (declarative knowledge) made
by the subject when predicting the path of the ball,

i.e., above the target, below the target or, on the
¢

target and, b) the error in subjects' predictions of the

path of the ball relative to the actual bath of the ball

had it been released from the chute (measured as a metric

unit, i.e.:ynumbers as opposed to categories).
t

-

]

Figure 9 . lPlacement of targets for Experiment 2.

- ~?
J

Performance on the Prediction Task: Results

As in the first experiment, task fac¢tors will first

be analyzed through the results of the analysis of
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variance. Subjects will then be classified by degree of
knowledge and analyzed in terms of develdfpmental trends
velated to that knowledge.

»

Again, the dependent variable was subject;' error
scores this ;ime measured as the difference between
subjects' prediction of the path of the ball and the real
. path of the ball. Differences in group performance were
~analyzed using a 4 X 6 X 6 X 6 (Age X Order X Target X
Condition) analysis of variance with repeated measures on
~the last two factors. The analysis was repeated twice
using the dependent va;iable calculated in two separate
ways. In the first ins;unce. categorized data was used.
Subjects predicted’the potential path of the ball based
on the following categories: the ball could rol" T
above the target (AF). b) above but near to the -

(AN), c) directly to the target and hit it (H),

but near to the target (BN) or, e) far below thd g _1’

(BF). Each category was given a numerical code (‘. £

AN=2, H=3, BN=4, BF=5). Subjects' error scores were then
calculated as the difference between their prediction of
the path of the ball and the actual path the ball would
have taken if released from the chute. For example, if a
subject predicted that the ball would roll below near to
the target but in fact it would actually have rolled
aone near to the target, the score was coaed as a 2

0
(i.e., 4 - 2 = 2). The deperndent variable vas also
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Table 4

Summary Table of F-Ratios for Predictions in the Indirect Aiming. Task Using
Category Data

-

Part of Madel Sum of ’ Degrees Mean F Probability
Squares Freedom Squares Ratio
Ad 64.32 3 21.44 4.79 0.005%*
ob 2.35 5 0.47 0.10  0.990
AO 52.65 15 3.51 0.78 0.686
S - within groups 214,08 48 4.46
TC 14.75 5 2.95 6.35 0.001*
AT 13.20 15 0.88 1.91 0.023%+=
0T 16.50 25 0.66 1,42 0.091
AOT 45.75 75 0.61 1.33 0.055
TS - within groups 110.40 240 )
cd 297.81 5 0.18 0.52  0.756
AC 133.92 15 0.40 1.41 0.316
0oC 37.35 2% 0.49 1.41 0.096
AOC 118.80 75 0.44 0.78 0.099
CS - within groups 414,72 240 0.35
TC 18.00 25 0.48 0.86 0.662
ATC 30.80 75 0.u4 0.78 0.911
oTC 146.25 125 10.76 9.02 0.001%
AOTC 290.25 375 1.23 2.17 0.001%
TCS - within groups 950.40 1200 0.56

aAge. bOrder, cTarget. dCondition

*p <.00L, #*p < .05
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Table 5
\

Summary Table of F-Ratios for Predictions in the Indirect Aiming Task Using

Metric Data

Part of Model Sum of Degrees Mean F Probability
N Squares  Freedom Squares Ratio
0
.
A2 1271.60 B, 423.87 1.69 0.100
0P 299.15 5 51.83 0.2] 0.959
AQ 2030.70 15 135.38, 0.5 0.909
S - within groups 12067 .89 48 251 .41
¢ 1268.16 5 253.63 9.14  0.001*
AT 1039.85 15 69.32 % 90 0.002%
oT 909.17 25 36.37 1.31 0.153
AOT 2003.54 75 26.71 0.96 0.567
TS - within groups 6659.12 240 27.75
d 106.03 5 20.81 0.85  0.519
AC 587.93 15 39.20 1.959 0.076
0oC 2137.42 25 85.50 3.47 0.001*
AOC 1519.95 75 20.27 0.82 0.838
CS - within groups 5907.77 240 24.62
TC 853.95 25 34.16 1.13 0.302
ATC 1663.83 75 22.18 0.73 0.957
0TC 34633.67 125 277.07 9.15 0.001+
AOTC 19136.99 325 51.03 1.69 0.001*"
TCS - within groups 36353.82 1200 30. 30

d)ge, border, CTarget, 9Condition

. o <

.001
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recorded as metric data. Subjects were asked to draw in
»
, .
chalk the path they predicted the ball would travel. The
distance betwees this line and the actual path of the

ball (previously determined) was measured in inches.

Task Factors .

As reflected in Table 4, significant main effects
for age, !‘63,48) = 4.79, p < .005, and target, F
(5,240) = 6.35, p < .00l, were obtained for the
category data as well as a significant age x'target
iﬁteraction, F (15,240) -11.912 p < .023, order «x
target x condition interaction, F (125,1200) = 19.02, »p
< .001, and age x order x target x condition interaction,
F (375,1200) = 2.18, p < .001. Somewhat similar

"

results were found for the metric data (refer to Table 5)

although, no significant main effects were found for age,
only for target, F (5,240) = 9.14, p < .001. As with
the category data, significant interactions between age
and target, F (15,240) = 2.50, p < .002, order x
target x condition, F (125,1200) = 9.15, p < .00l1, and
age x order x target x condition, F (375,1200) = 1.69,
P < .00l were also present. An additional interaction
between order and condition, F (25,240) = 3.47, p <
.001, was found which was not present with the category
data. Again, using the Greenhouse Gieser procedure with
both types of data produced similar results. The

followin& paragraphs apply to analysis of both category
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and metric data.

Before examining the higher order interactions, a
preliminary analysis of the significant main effects and
‘Yower order interactions wili be made. As in the first
experim;nt, age effects were present (although they were
significant using"only category data). This time
however, 7 year olds performed more poorly than any other
group (although significantly more poorly than only the 9
and 11 year olds, i.e., not the S year olds) (refer ﬁo
Table 6). Even so, 5 and 7 year old performances were
more similar (M = 0.432 and 0.636, respectively with
category data, 2.926 and 4.036, respectively with metric
data) as were 9 and 1l year old performances (M = 0,287
and 0.227, respectively with category data and 2.621 and
2.127, respectively with-metric data). Based on
performance in experiment 1 in which all age groups were
able to successfully manipulate the chute, it may be
suggested response loaded factors were not the major
determinants responsible for deficits in performance
particularly in the younger age groups. Poor 7 year old~
performance may have‘;een reflective of an attempt to
shifé to a more mature strategy by this group in their
predictions. It was observed that some five year olds
tended to draw out the path of the ball with their finger
or arm and then select their category of choice. Nine

and 11 year-olds were observed to trace an imaginary line
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« Table 6

Mean Error Score for Each Age Group Collapsed Over Targets Using Category and
Metric Data - i

Age Category Data Metric Data
(in units) (in 1in.)
S 0.432 2.926
7 - 0.636 4.036
9 0.287 2.621
11 0.227 2.127 >
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with their eyes. It may have been that 7 year olds were
in a stage of transition in which some were atté;btlng to
apply this latter strategy but did so somevhat
inefficiently., While 7 year olds may have. been changing
their strategy, it could not be reflected in the metric

data. To obtain these measures, subjects were ssked to
.

draw the path of the ball with a plece of clgglk., Again 5
year olds as a group out performed the 7 year olds. A
second likely explanation, at least for the difference
between 5 and 7 year olds, is that the S5 year olds were
applying a hit strategy. In fact, this is the case in
that 5 year olds predicted a disproportionately large
percentage of balls would hit thejtarget, 60.49% compared
to the 33.332 predetermined to hit. Seven year olds

predicted 46.147 would hit the target as illustrated in

Table 7. Furtherx seven year olds prédicted 58,157 of
the balls would roll below the target (as opposed to the
actual 16.672). It may be suggested that tﬁis strategy
shows a lack of differentiation by 5 year olds with
regard to movements of the chute. Thus, while the 7 year
olds may have correctly known the ball would not hit the
target more times than the 5 year olds, the-size of the
error score increased dQe to the preponderance of below
target predictions that they made. It is interesting to
note that nine and eleven year olds predicted 33.02%Z and

35.802 hits respectively.
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Data

[

Frequencv and Percehtagé of Predictions Made for each Condition Using Gategorv

. Expected

Observed

L2}

| 5 7
Condition K 2 N 2 N R N

11

y4 N oz

AN 108 16.67 16 2.47 24 3.70 103 15.90 90 13.89

AF 108 16.67 . '.20 3.09 13 2.0l 56  8.64 67 10.34

H 216 33.33 392 60.49 299 46.14 214 33.02 232 35.80

BN 108 16.67 85 13.12 164 25.31 154 23.77 147 22.69

BF . 108 16.67 122 18.83 148 22.84 121 18.67 112 17.28
Other ) 13 2.01 T .

100 648 100 648 100 - .648 100 648 100

Total

648

-~

r 4

& +
AN = Above Near,

AF = Above Far, H = Hit, BN = Below Near, BF = Below Far
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All four age groups tended to predict the path of
the ball below its actual path (reflecfed by a negative

’

canstant error SCOI'E) .

\ : ' .

While the targets closest to she side wall (refer to
figure 9 for placement of the targets) tended to be more
difficult.(particularly target 5), the younger groups
te&ded not to differentiate as much between.the degree of

-

difficulty of the vaqeous targets. That is, the younger

-

age groups (5 and 7 yggf olds combineQ) were not
significantly better on the easier tasks (targets 1, 3
and 4 combined) than §n the difficult tasks (targets 5, b
ané 1 combined). (It should be’noted that these
groupings were done posthhoc based on the resulés of the
Scheffe test. That is, there were no predetermined 'easy'
and 'difficult' tar,cts, such a differentiation is based
entirely upon performance resuits.) Tpe older age groups
(9 and 11 year olds combined), while performing better on
both task; than the younger group,were differentially

affected by the placement of the targets (see figure 10).

rd

In ménipulating the context éf the targets for
subjects, (i.e., the problem type, or condition, and its
order of presentation for each subject) an order by
target by condition interaction occurred. Significant
effeéts within the interaction appear quige disparate;

however, based on the results of Scheffe tests, the

»
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number of variables within each factor was collapsed
resdlting in a new 3 x 2 x 3 (Order x Target x Condition)
analysis bf variance. In the original analysis,. no mpin
effect for order was present although three groupings
were gpparent. In two of these, the sequence, or order,

of the conditions reflected a certain similarity in
proximal items., :Different levels of the condition
categories (excluding catch trials) appeé;ed
sequentially, e.g., order 2: AF,AN,BN,C2,BF,Cl; order 5:
Cl)BF,CZ,BN,AN;AF. In the third yn grouping, the
sequence of condit{;;s*gppeared to be more random: e.g.,
order 3: BN,AF,BF,AN,C&,CZ; order 6: C1,C2,AN,BF,AF, BN,
Targe%s were ;gain divided on a post hbc basis fnto 2
groupS - easy and difficult; and, conditions were grouped
into like categories in terms of their placement on>the‘
board relative to the target, e.g., A (AN ¢+ AF), B (BN +
BF); b (Cl + C2). The random order of presentagion would
appear to diffe;entially affect both the easy gnd
difficult targets on the A (above) and B (beLSw)
conditions (see Figure 11). This effect was

particularily dramatic bet#een the two age categories -

young (5 + 7 years) and old (9 + 11 years) resulting in

,aa age by order by target by condition interaction (refer

.

to Figure 12).

The results of this analysis indicate task factors

had a differential effect on subjects' performance at
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certajn age levels, While performance across all four
age groups was detrimentally affected by the increased
complexity (or difficulty) of the task, fhe younger
groups were affected much more readily than the older
ones. The task would thus, seem to be a sensitive one
c;pable of discrimminating across ageé the (declarative

and procedural) knowledge base on Jhich sub jects base

their predictions.

Knowledge-Performance Categories of Subjects

In order to present a more visual representation of
the subjepts' knowledge base as reflected by the accur%cy
of their predictions, 4s in experiment one, three
knowledge-performance categories were developed based on
the frequency of error scores across all age groups. As
in experiment 1, knowledge catego;ies were developed

/

.based on the size of the error scores (i.e., subjects'

- P
accuracy). qulapsing over targets, subjects' error
scores were converted to root mean square error and
subjects were then classified as being low knowledge, -~
medium knowledge or.'high knowledge. (Actual boundary

figures® for the knowledge categories are found in

Appendix B.)

Experiment 2 represents categorical predictions of
.the path of the ball without feedback. As in the

previous experiment, clear developmental trends are



131
apparent in both the metric and category data (refer to
Table 8). Five and sevea year olds responded more as a
\group moving from low to medium knowledge categories, as
did the 9 and 11 year olds movirmg from the medium to high
knowlehge category. Virtually no younger subjects (i.e.,
only 1 seven year o0ld) were categorized as high
knowledge. The reverse is true of the older age groups
with~on1y two from each oé the 9 énd 11 year old groups
categorized as low knowledge. Again, the above secéndary

analysis supports the fact that the task is sensitive to

knowledge-performance differences across age groups.
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Table 8

Distribution of Subjects

bv_Age Over Knowledge Categories Using Category and
Metric Data

s

Age (in yrs.)

4
9 7 9 11 9 79 1§
Knowledge "~ Metrace Category
Category
\\_

low 10 12 l 0o . 123 2 2

medium ] 5 7 6 6 9 3 7

high 0 1 10 12 0 1 13 9




133

Experiment 3

In the previous experiment subjects used their
extant declarative and procedural knowledge to make
predictions on the task under various conditions. In
experiment 3, subjects once again had to use this
task-specific declarative and procedural knowledge,
however, this time they received feedback on the efficacy

of their actions. The third experiment was designed to
measure subjects' procedural khow]edge (and necessarily
the closely tied daclarative knowledge on which the

procedures are largely based) in the execution of an

indirect aiming task.

Sample

.
Those subjects used in the previous two experiments

were also used in experiment 3.

The Task
The task was the same as the indirect aiming task of

experiment 2.

Apparatus

The same apparatus of experiment 2 was used in

experiment 3.
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Procedure

In this'expprimvnt, subjects were required to
determine the correct Jlateral position of the chute which
would result 1n the bal'l hitting the target .. The pattern
of ad justments of the chute (1v.e., the error correction
pattern) was used to reflcect the degree of prncedurai

knowledge in relation to the declarative knowledge base
that was presumed to have been used in the. previous
experiment ., Thus, for subjects exhihiting a4 strong
declarative knowledge-base 1n experiment 2, adjustment.
in the wrong directiont* would suggest difficulties in the
procedural knowledge-base underlying the successful
execution of the aiming task. Again, the basic
assumption 1s that the performance error score of the
sub jects is a direct reflection of their underlying

procedural knowledge-base on thisg task.

The chute was set such that the ball would miss\the
target. This was shown to each subject by rolling the
ball down the chute. The starting position of the chute
was marked on the board with a piece of coloured chalk.
Sub jects were required to adjust the lateral position of
the chute to make ;tJnt the target. A maximum of 10
trials was allowed. As in experiment 1, if subjects hit
the target in less than 10 trials, each trial subsequent
to the hit was recorded as an error of 0. A strip of

tape was placed vertically down the board through the
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target position. Once the chute was positioned such that
a subject felt the ball would hit the target, the
principle ineistigator released the pin holding the ball
in place. As the ball rolled 40wn the chute and
rebounded off the wall across the board, the place at
which ié crossed the tape was marked with a piece of
chalk by the second investigators/ The distance between f/
this point and the target was calculated. A second
measure was taken by noting the position of the chute on
the tailor's tape at the front of the board. The path of
the ball was thus verified at the end of the experiment
by repositioning the chute at that point and allowing the
ball to be released again. If there,was a discrepancy,

this second measurement would have been used: however,

this was never necessary.,.

The entire procedure was repeated for six different
targets (targets were varied by changing the angle of'the
chute and the position of the targets on the board).
Targets were the same as those used in experiment 2
(illustrated in Figure 9). Presentation order was digram
balanced; however, subjects again femained in the same
presentation as in the previous experiments. Thus, the
experimental design was a 4 x 6 x 6 x 10 (Age x Order «x

Target x Trial) factorial design with repeated measures

on the last two factors.
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Performance on the Jndirect Aiming Task

The effects of task related factors will be
presented first through the results of an analysis of
variance. Analysis of knowledge related factors will
then be presented as well as the interaction of knowledge

f@ctors between experiments 2 and 3.

Task Factors

The dependent variablé'in experiment 3 was
subjects' error scores measured (;n inches) as the
distance between the actual path of the ball and the
target. Group performance differences were analyzed
using a 4 x 6 x 6 x 10 (Age x Target x Order x Trial)
analysis of variance with repeated measures on the last
two variables. As shown in Table 9, significant mat"
effects for age, F (3,48) X.S‘), p < .047, andk trial, -
F (9,432) = 6.44, p < .OO{, were obtained, as well as a
significant age x trial interaction, F (27,432) = 1.67,
p < .021, order x target interaction, F (25,240) =
6.06, p < .001, order x target x trial F (225,2160) =
2.34 p < .00l and age x order x target x trial '

interaction, F (675, 2160) = 1.24, p < .001.

As in sexperiment 2, before examining the higher
order interactions, a preliminary analysis of the
significant main effects and lower order interactons will

be made. Error scores decreased as age increased with a
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Summary Table of F-Ra

for

the Indirect Aiming Task
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Degrees

4

.60

Part of Model Sum of Mean F Probability
Squares - Freedom Squares . Ratio
Ad 806 .46 3 268.82 & 2.89 0.047%e
o° 240.85 5 92.94 1.59  0.183
AO 1906.65 15 127.11 1.37 0.209
S - within groups 4461.16 48 92.94
. T¢ 165.45 5 47.66 0.95  0.447
AT 187,65 15 52.51 1.05 0.405
0T 7577.50 25 303.10 6.06 0.001*
AOT, 3669.75 75 48.93 0.98 0.932
TS - within groups 11995.20 240 49.98
R4V 636.84 9 70.76  6.44  0.001
ATrc 495,18 27 18. 34 1.67 0.021%+%
OTr 655.66 45 14,957 1.33 0.086
AOTr . 1283.84 136 9.44 0.86  0.850
TrS - within groups 4747 .68 432 10.99 ~
TTr i 397.80 45 8.84 0.95  0.577
ATTr 1381.05 135 10.23 1.09 0.227
OTTr 546.25 225 21.85 2.34 0.00]1»
AOTTr 7836.75 625 11.61 1.24 0.001+
TTrS - within groups 20217 2160 9.36

3pge, POrder, CTarget, 9Trial

*p < .00l, ** p < .05
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significant difference in performance between the 5 year
olds and the 11 year ql&s. The increased degree of
difficulty of‘this task as opposed to that of experiment
‘1l is reflected not only in the size of the error ;core
for all age groups, but the increased number of orienting

»

* trials needed by the subjects. Clearly, expecting the.

'

subjects to handle different target positions and
‘flexibly adjust their préﬂictions in an indirect aiming
task as opposed ;o the direct one used in experiment 1,
resulted in increased task demands for the subjects.. As
illustrated by Table 10, in this task the first four
trials seemed {to be used as orienting trials (as opposed
‘to the first two in Expenimﬁgt 1). As subjects had no
information 6n which to base thejr first trial, error
scores were particularly large on this trial across alll
age groups.  Post hoc tests showed ¥hat trial 1 M =
1.294) was ignificantly more errorful than thials
16,9,7,6 an] S (M =0.031, 0.120, 0.190, 0.294, 0.401,
respectively). These results suggest fhét after the
initial orienting trials, subjectiﬁ?eré-ihen able to use
information of the effect of each frial as feedback for
subsequent trials. ‘Further, for no group did the error
score reach zero as it did inAexperiment 1.2 Again, it
may be suggested that this is indicative of the increased
difficulty of having to bank the ball off the side wall
Yo hit the target. Under these circumstances, rather

than being able to make direct corrections with the

LY

3
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chute, subjects had to predict the appropriate vertical
contact point on the side wall and translate that into a
i

lateral movement of the chute. While exactly the same
rules are used, the ball does not tgavel.directly towards
the target thus creating an extra dimension of
complexity. As seen -in table 10, tive year ulds were

particularly affected by the increased difficulty of the

.

task on the initial orienting trial.

The order by target interaction, while somewhat

' . :
i~ disparate, seems to be a function of the placement of the

g . .
target and the consistency with which targets in close

i

' .vicinity are ordered. That is, targets in close vicinity
> : )
to one”lnothe$‘fresented consecutively were easier than

wirdely separated targets presented consecutively. The
positiéﬁ of the targets can be seen in Figure 9. As

reflected‘by the mean error scores in Table 11, under
it
order 2 (in which targets were presented in the following

order: 2,1,3,6,4,5), targets 2, 4 and, 5 were performed

significantfy more poorly than targets 1, 2 and, 6.

iy N

Similarly, under order 3 (in which targets were presented. .

in the following order: 3,2,4,1,5,6), targets ?:.4 and, 6"
were performed significantly better than targets 5 anj 2. ™~
Under presentation oréer 4 (targets were presented in the
following order: 4,3,5,2,6,1) target 1 was performed

significantly more poorly than target 3. Finally, under

presentation order 6 (in which targets were presented in ‘

, ‘ 5%



fable 10

Mean Error Score bv Tri%l

as a Function of Akc

©

P

< 4001

ke

’,

Age (in yrs)

Trial 5 7 9 1]
t 3.523# 1.426  0.357 0.622
2 1.606% 1.021 1.052 0.878
3 0.854 0.250  0.193 0.999
4 0.672 0.260  0.231 0.275
9 0.962 0.252  0.469 0.099
6 1.676 0.071 0.377 0.359
7 1.056 0.130 Q298  0.193
8 1.651 0:236  0.244 0.035
9 1.009Y 0.021 0.148 0.369
10 0.591 . 0.073  0.129 0.339

o

140
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Table 1|

Mean Error Score (in inches) on Targets as a Function of Presentation Order

Target who
Order 1 2 3 . 4 9 6

1 0.882 0.195 0.752 0.875 0.109 1.926
2 0.785 2.948 0.318 3.157 3.944 1,648
3 0.152 1.2453 3,177 - L 282b 2.897a 1.164b
4 2.3562 0.889 1.360P 0.061 1.422 0.194
5 0.017_ 2.434 1.360 D.061 1.422 0.194
6 1.973 0.662 0.821 1.913% 2.120° 0.064

v

Note . Within each order, means with difterent subscripts are significantly
different at p < .00l
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the‘following order: 6,5,1,4,2,3) targets 4 and 1 were
pérformed significantly better than target 5. Thus, this
pattern of results supports the contention that targets
in close proximity presented consecutively were e@sier
for the subjects than those spaceq further apart,
-3
| 4
Targets 2 agd 3 presented in order 5 (5,4,6,3,1,2)
and target 5 présented in order 4 ,3,5,2,6,1) were
significantly?mgre errorful across all age groups on
;rials 1 and & than the later trials (i.e., 6,7,10).
Again a dramallc shift in the pOSltlon of the target may |
have made the initial orienting trials more dlf?lcult
This was particularly true for the five year olds
(reflected in the age by order by target by trial
interaction). Five year old's error ®cores ;ere even
more inflated on orders of presentation in which the
targets not in close vicinity to one another wefe
presented consecutively, that is, when targets were
fairly‘disparate. This was particularly true for two
presentation orders: order 2 in which targets were
pfesented in the following order, 2,1,3,6,4,5; and, order

4 in which targets were presented in the following order,

4,3,5,2,6,1.

Knowledge-Performance Categories of Subjects

As in experiment 1, knowledge categories were

developed based on the ‘size of subjects' error scores.
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Subjects' scores on trials 1,2,3,6 and, 10 were converted
to root mean square error. Based on the freque&cy and
distribution of the scores, threg knowledge categories
were éisablished at the 33.3 and 66.7 percentile points.
Actual boundary figures for the knowledge categories are
fpund in Appendix B. Subjects were then assigned to one
of the categories based on their error stores (converted
to mean square error). Distribution of subjects over

knowledge caiegories is found in table 12.

As in the previous experiment, 5 year olds were
clumped in the low knowledgé category and 11 year olds in.
the high. Seven year olds' performance was similar to
that of the 5 year olds and 9 year olds similar to the 1]
'year olds. It may be more accurate to suggest 7 year
" olds were making th? transition from low to medium
knowledée and the 9 year olds that from medium to high
knowlgdge. "Looking at the second trial, i.e., the first
opportunity sybjects have of ‘actually applying their
knowledge to reduce the performance error, these
developmental trends are particularly clear. It may be
suggested that this trial represents the status of the
procedural knowledge subiects brought to the task. Very
littlc mavement was made by 5 year olds towards higher
knowledge categories over the ten trials. Excluding
trial 1, which may be considered an initial 'blind'

trial, the percentage of low knowledge subjects remained
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fable 12

.

Distribution of Subjects by Age and Trial OQver Knowledge Categoriecs

Trial Category S 7 9 11

I B 6 7 9 3
it g 9 6 10
L 14 3 2 3
2 M 39 8 4
H 0 & 3 11
L 13 7 ! 4
3 M 2 9 7
H 3 6 8 7
? 14 7 2 2
6 M 4 7 7 S
! O 4 9 1]
14 8 2 1
10 v 2 4 3 6
" 2 6 13 11
L. = Low, M = Medium, H = High
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constant at 78%. Several of the subjecﬁs moving in and
out of the medium and high-kno ledge‘categories were
those using the randém, almdstXYlamboyant movements of
the chute back and forth across the board, To suggest
that they had a good knowledge of the rules (i.e., high
or medium knowledge) is somewhat misleading (although the
presence of variability corrects, to some extent, this )

impression). A more likely interpretation is that they

inadvertently moved into the various knowledge
4 .

categories._:w

Variability is particularly evident in the
categorization of 7 year olds. While the distribution of
subjects across all three categories is much more even,
subjects fluctuate back and forth between the low and
medium knowledge groups over trials. Those subjects in
the high groubiremained fairly stable over the trials. A
greater change in the distribution of subjects between
categories and their movement pat"ns across. trials
seems to take‘place between the ages of 7 and 9. While
some shifting between categories is evident by the 9 year
olds, the trend is always toward the higher knowledge
category. Bethen.ihe first and tepth trials,
approximately 7, or 392 of subjects, moved to the high
knowledge category mainly from the medium knowledge

category (after the first orienting trial, the number of

subjects in the low éroup virtually remained the same).
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The peréentage of subjects from the 11 year old group
reaching the high knowledge category was somewhat less
than the proportion of 9 year olds (61% and 72%,
respectively). A progressive, albeit limited depletion
of subjects from the low knowledge category, towards a'
higher knowledge category (mainly to the medium knowledge
group) is evident across trials. Apart from this
learning, little movement between groups was evident
(other than trial 3). This is in particular contrast to
experiment 1 in which subjects, across all age groups,
mo;ed fairly rapidly to the high knowledge category. As

"aiming task is

with experiment 2, this indirec

sufficiently difficult to proylide a clear developmental

differentiation of subject performance.
The preceding results, while based on t ocess-of

categorizing individual subjects into knowWledge groups,

allows only a grohp analysis. That is, only the number

of subjects in each category can be traced, not the
movement of the individual subjects over trials. When/‘

individual subjects are followed (see Tables 21 and 22),

itobecomes clear for example, that while the number of\Yk\
year olds in the high knowledge group across trials may -
be greater than that for the 11 year olds, the same
individuals do not always make up this number. Thus,

thére is greater intra-individual variability for 9 year

olds than the 11 year olds. Eleven year old performance
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]

is more stable than that of the nine year olds. A
similar subject by subjec¢t analysis across trials shows

”

individual 5 year old performances to be very stable in
the low knowledge group and individual 7 year old
.performances to be quite variable. Results of the
subject by subject analysis will be discussed later on in
the next section as the effect of knowledge category in

-”
experiment 2 on that in experiment 3 is analyzed.

Z 9]
-

Cross Tabulation of Knowledge Categories
A cross tabulation of knowledge categories

determined in Experiment 2 was done with those of each
trial (i.e., trials 1,2,3,6 and, 10) in Experiment 3.
Such a procedure highlights the relationship between
subjects' classifcatien in experiment 2 with that in
experiment 3. Assuming subjects' declarative and
procedural knowledge underlying the prediction task of
experiment 2, is crucial to, or even a prerequisite of

’
successful performance in experiﬁent 3, distinct patterns
of performance should be evident depending on subjects'
categories of knowledge. A series of three analyses will
be presented each prbviding a slightly different insight
into the relationship between subjects' classifications
on experiment 2 with that on experiment 3. The first two
involve group analysis techniques and while highlighting
certain developmental trends, they do not adequately

. .
represent the actual pattern of performance based on the
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knowledge-parformance categories of subjects and in fact
at times misrepresent the actual pattern. The third 4
analysis is thus a subject by subject review of

performance reults.

»

Tables 13 through 16 show the movement of subjecté
across knowledge categories between the two experiments
in terms of both the frequency of subjects in each cell
and the corresponding percentage of subjects (tables 13

and 14 refer to category data and Tables 15 and 16 refer

to the metric data of experiment 2). In these tables,
age groups have been combined. A breakdown by age can be
found in Appendix C. As is evident from the tables in

the appendix, there was very little movement in the two
extreme age groups. Based on the category predictions:
50 percent of the 5 year olds remained in the low |
knowledge group in both experiments while 397 of the 11
year olds remained in the high knowledge category (refer
to Appendix C). Both the 7 and 9 year olds showed.much
greater variability but even here, the 7 year olds tended
to fluctuate between the lower and medium knowledge
categories while the 9 year old; tended to fluctuate
between the medium énd high categories. Thﬁ}ﬁ?s. by the

tenth trial, 502 of all nine year‘olds classified as high

on experiment 2 had moved to the high group on experiment

3.
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Tahle 13

Cross Tabulation of Knowledge Categories ot Fxperiment 2 (Prediction Task) with
Experiment 3 (Hitting Task) Using Category Data: Frequency ol Subjects per
Category by Trial

Experiment 2 Experiment 73

Category Freq. Trial | Trial 2 Trial 3 Trial 6 Trial ;
L M H L M H ! M H l Mo l M H

low 24 9 10 5 13 8 3 la 3 7 17 74 14 4 6

medium 25 11 9 95 9 1! 5 10 8 7 10 8 7 10 6 9

high 23 4 6 13 2 6 15 1 12 10 . 8 13 ! 5 17

Total 720026025 23 26 25 23025 23 2425 23 24 2% 15 32
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Table 14

Cross Tabulation of Knowledge Categories of Experiment 2 (Prediction Task) with
Experiment 3 (Hitting Task) Using Category Data: Percentage of Subjects per
Category by Trial

Fxperiment 2 ~ Exggrimént 3
Category Freq. Trial } - Trial 2 Trial .3 f’

Tria? 6 Trial 10

e G- T AN

Low 3338 40 22 Sk 32 13 56 1341293 szﬁ}o 5\-7.’&“ 26 .1;27~19§é"'2

Medium 35 46 36 22 38 46 22 40 35 29° 4@ 35, 0 %@ 28%%,

| 3 3 5_ - ' .
High 33 17 2 57 8 24 65_,,:.és %52 a2 8 35 se @,‘ﬁd >§‘

."‘7“"“‘ . ' *\/.’

Total 100 100 100 100 100 100 100 10® PO 100‘ lQ




Tavie 159,

Cross Tabulation of Knowledge Categories ot Experiment 2 (Prediction Task) with
Experiment Y fHitting Task) Using Metric Data: Frequency of Subjects per

Lategory by Trial

Experiment 2 Experiment
Category Freq. Trial | Trial Ttaal 3 «Trial 6 Irial 10
- :! 4
, LM B! .\&{ H ! MOl ! Moo LM
4 b3
low 23 9 9 11 9 } la 3 b 1Y 74 I 4 B
medium 26 11 10 9 I 1o L 10 7 9 1/ o] 6 13 6 7
high 23 4 613 2 6 1) 13 Y | 4 14 l o7
Total 72 2625 23 625 2 2o 23 25 232425 1S W2
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Table 106 &

*r "

Cross Tabulation of Knowledge Categories ot Experiment 2 (Prediction T#sk) with

Experiment 3 (Hitting Task) Usyng Metric Data: Percentage of Subjects per
Category by Trial S |

»
Experiment 2 < -~ Experiment 3
. . ¢t -
Category Freq. Trial | Trial 2 Trial 3 Trial 6 Traal 10
L M H L M H L M H ik M H L M H
E y
Low 32 38 36.22 246 36 13 S6 13 25 48 30 17 4L 21 25
Medium 36 46 40 22 46 4O 26 40 30 38 48 35 25 52 40 22
4 gh- 32 17 24 97 B 2 65 4 S7YV38 4 35 S8 4 33 S3
Total 100 gOC 100 100 100 106QTUK 100 100 100 100 100 100 100 100 100
4 ' a R
~ &
- - A‘, 1

-
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Measures of Association
Measures of association typically indicate the
advantage of brior information of one factor on
predicting another. Several such measures will be
identified here in terms gf the relationship they portray
between the extent of the declarative and procedural
knowledge that is assumed to underlié performance imn

‘experiment 2 to anticipate successful performance in

experiment 3.

The way in which the distribution of scores is

.

handled in a cross tabulation, particularly those that
are tied, accounts for the major distinctions between the
most commonly used measures qf ordinal association,
Goodman and Kruskﬁl's gamma does not coﬁ%ider any score
which may‘be tied (Reynolds, 1978). Thét is, it g;ves

£

thé difference in probabilities of concordance and
discordance among untied pai}s. Since tied pairs are
omitted from the Aenominator the absolute value of Y
increases and may over shéot_aygarticular relationship.
As noted by Reynold; (lQ?Si,lphe:xalue of {; reaches its
maximum under conditions &f Qer? ygak perfett association

i ]

(p.68) and may be useful&for;hypotheses of very weak

-

perfect correlationrs but ¥t provides little information

-

of the underlying relationshingef variables,

Kendall's tau b (ny) does consider ties-on each ~
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varjable; however, it too has several 'draw backs. .It
considers all errors as being of an equal degree of
severity. As with other measures, it does not reach its
maximum for non-square matrices. Further, in both of
these measures, the distributionﬂof the independant "
variable will affect its value. That is, observations

1

that are highly skewed or are concentrated in a’
>

particular category will easily result in underestimation

) , , Y 4
of fhe true measure of the assofiation.

‘

As expected in light of their generai nai&eée (Brown
and De Loache, 1978)., and as iIlustr;ted earlier in
Tables 13 to 16, the youn‘,Q age groups (5 and 7 years)
'areVﬁ;rbely grouped iﬁ the low knowlédge categories on
both experiment 2 and 3. ~Converselj, the older age
groups (9 and 11 years) are largely é:ouped in the high

)

disEributions. Thus, while gamma and tau b are reported

L}
knowledge category producing highly skewed marginal

here in Tables 17 and 18,~thei‘ application is somewhat
limited. Notwithstanding these limitations, a general
trend of association is apparent. As age increases, the

association seems to get stronger. When all age groups
] . .

: . . ¢ . . .
are combined, a s;mllar«strengtﬁenlng of association is
apparent over trials. Broken down by age however, the
pattern of association s%eﬁquuite disparate, .

o,

Using Hildeb}and, Laing and Rosenthal's (1977)
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Table 17

x
Summary Table of Measures of Association Between Knowledge (lassitication in
Experiment 2 (Prediction Task) and Experiment 3 (Hitting Task) Using Category
Data 1 ' '

‘

Age Dependent  Independent Gamma JY)* Tau b (w) Delta P (9P)
Variable Variable

v Pll) v p-'{

All Exp.2 Exp.3 Trial 1 0.351 ( 0.438) 0.242
2 0.619 ( 0.774) 0.441 <« .
3 0.427 ( 0.53)  0.301 &
6 0.532 ¢ 0.665) 0.371 . Cot
10 0.600 ( 0.750) 0.419
S Exp.2 Exp.3 Trial 1 0.000 ( 0.000) 0.000  -©.100  0.100
2 -0.250 (-0.313) 0.095 ~. <0.109  0.071
3 0.294 ( 0.368) ~ 0.140 - 0.226 0.077
6 -1.000 (-1.000) -0.378, 0.435 0.286
10 -0.154 (-0.192) -0.06Y 0.455 0.071
7 Exp.2 Exp.3 Trial 1 ‘0.188 ( 0.234) 0.123 0.172  0.153
- @ . 0.483 ( 0.684) 0.295 0.237  0.514
a3, 9.226 ( 0.282) 0.143 0.096 0.438
,?4*6 “0.118 ( 0.147) 0.083 -0.0646  0.46Y
¥ 10 -Q.194 (-0.242) 0.125 -0.166  0.167
9 " Exp.2 Exp.3 Trial 1 -0.070 (-0.087) -0.036  --0.071  0.085
2 0.200 ( 0.250) 0.109. 8.135  0.159
3 -0.5G@r (-0.625)  -0.250- 0,528 _0.151
6 -0.300 (-0.375) -0.146- - 0.115 0.i64
10 -0.032 (-0.040) -0.014 . O.15% 0.15%
1l Exp.2 Exp.3 Trial 1 0.477 ( 0.596) 0.326 0.192  0.331
2 0.562 ( 0.703) 0.392 0.272  0.345
3 0.412 ( 0.519) 0.280 0.092  0.387
6  0.439 ( 0.548) 0.275 ~ 0.383  0.045
10 0.714 ( 0.893) 0.451 0.492  0.629
&
&

*GCamma corrected for size of matrix

Based on prediction 1, Based_on prediction 2
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Fable I8

Summary Table of Measures of Association Between Knoul&qge Classification in
ExperimentAgr(frediccion Task)and Experiment 3 (Hitting Task) Using Metric Data

RS
k’i: é
i
”m
Age Dependent Independent Gamma (Y )* fau b (v) Delta P (VP)
Variable Variable
AV LR v
1 2
ALl Exp.2 Exp.3 Trial 1  0.360 ( 0.450) 0.247 "
2 0.568 ( 0.710) 0.402 R
3 0.423 ( 0.534) 0.300 %
6 0.558 ( 0.697) 0.393 )
10 0.482 ( 0.602) 0.334
S Exp.2 Exp.3 Trial | -0.348 (-0.435) -0.187 -0.100  0.100
v 2 -1.000 (-1.000) 0.478 -0.109  0.071
3 0.143 (-0.179) 0.066 0.226 0.077
6 -1.000 (-1.000) -0.478 0.435 0.286
10 0.250 ( 0.313) . 0.229 0.455 0.071
7 Exp.2 Exp.3 Trial 1  0.346 ( 0.432) 0§209 0.172  0.153
. ) 2 0.692 ( 0.865)  0.408 0.237  0.514
- 3 0.700 ( 0.875) 0.463 0.056 0.438
) 6 0.357 ( 0.446) 0.222 -0.064 _0.449
10 -0.170 (-0.212) -0.101l -0.166  0.167
Y Exp.2 Exp.3 Trial 1| -0.259 (-0.324) -0.151 -0.071 *, 0.085
2 0.192 ( 0.240) 0.109 0.135  0.159
3 -0.857 (-1.000) -0.546  0.528 0.151
6 -0.346 (-0.433) -0.198 0.115  0.164
10 -0.135 (-0.169)  -0.064 0.154  0.154
Ll Exp.2 Exp.3 Trial 1  0.746 ( 0.932)  0.496  0.192  0.331
2 0.825 ( 1.000)  0.587 0.272  0.345
3 0.800 ( 1.000) 0.552 092 0.387
6 0.750 ( 0.938)  0.455 0.383  0.045
VO0.733 € 0.917) 0.427 0.49g 0.629

*Gamma corrected for size of matrix

Based on predlctldn 1, 'Based on prediction 2
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prédiction logic technique.for evaluation of the degree
of association between two variables, it'is possible to
avoid some of the aforementioned problems and gain a
somewhat more accurate measure of the relationship

between 2 variables. The technique has a proportionate

reduction in error (PRE) interpretation. PRE measures

reflect the reduction in error rate in making predictions
based on some proposition versus making'a prediction with
no information. The basic prediction underlying this
investigation states that knowledge in experiment 2 (the
prediction task) will assist subjects in hitting the
target in experiment 3. That is, the declarative and
procedural knowledge basé—underlying'the predictions made
in experiment 2 will be reflected in the procedural
knowledge used in experiment 3. In this case, knowledge.
categories of experiment 2 are thée independent v;riable
(X) and knowledge categories of experiment 3, the
dependent variable (Y). More specifically then, m
proposition under consideration states: P = X~Y. That

is, P: "Predict y,if xy, y., if x,, y, if x (~» reads
1 1 2 2 3 3

"predicts" or "tends be sufficia for" (Hildebrand,
p - ﬁ . o } 9 . . . .
W¥Tosition also

Ywn by the hapch%d

Laing and Rosenthaln’l97lj§i Su
’ ¢ . VXET: b ® ’

. e 205 &
identifies a set of erroif events

cells in figurelll. that falgify the predictien’ v

-

B4
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Y Y *+Y

Figure 13 . Hatched squares representing the error cells
TE%ETTTTF@ the prediction P = Y.
n

If the prediction is perfectly achieved (in the most
strict sense (Reynolds, 1978)), all data points will fall
on the main diagonal; however, this was not the case in
t&isvinvestigation (and generally, is nbt the case in
most‘Studies) nd error scores must be considergd as part

¥,

In the context of a particular

of thevtotai é
predictibn soap errors ﬁay be considered a moreléehs.
v1olat10n of th;ﬁpredlctidu ‘than otzgrs (HlldEbrand=ﬁ
Lalng and Rosenth@) 1977). mA uelghtlng system %W)ﬁ“
be ass:gned to reflect ‘a partzculardﬁﬂ%uence of errorg
The weights could range from O %o 1 with- W =0

repkesent?ng a success. The mqst'seriods effors would‘f

then be ;épresented by W =<1 and values in between would
, A ;

: T, :
denote measures or degrees of the seriousness of the
- . ;3:77‘ '
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error events. The actual werghtaing system can be
*

. L4
determined using the following*formula:

where W represents the weight for a particular error
cell; v 1s the number of units of distance from the
predicted set, in this case the diagonal (this reflects
the order of severity of errbrs);land i and j reflect the
number of rows and columns, respectively, in the matrix.
The maximum error weight assigned is 1.0 and, as
mentioned previously, the minimum is O gpcrfect

prediction).

The basic prediction model (or meésure of

association) uses the following form:

£ I N.P. - NP, . .
iy i N 1)
VAL !
ZFJ NPiPJ “
. 212] Pl_] - L
= 1 - Z
5. P.P
1] 1)

oy

(cells ot an R x C matrix contain probabilities Pij).
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The weighted error reduction measure then becomes:

wr .z, P,
Il‘_) ij

NOP = | o
wis PP,
171

Two basic predictions were made for this.
investigation. First, knowledge from experiment 2 is
necessary for the expggimertal task of the third
experiment. Based on the assumptio; that the hit task of

experiment 3 is more difficult than the prediction task

of experilgnt 2, the specific prediction is as follows:

» ‘ y
L N
P:Xl ‘Yl
X3MY1, YZ' Y3

3

*

o 14
The weighting system representing this,ﬁggﬁiction is:

3
, 0 .5 %I
We 0 0 -5
0 0 o il W

-3

Thus, classification in experiment 3 equal to or less

than that on experiment 2 is seen as support of the
»

prediction. Classification one category above that of

£N

experiment 2 is seen as a moiLrate error, and two
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categorfes above as a serious error. VWhile not a
particularly stringent assumption, it will serve to
indicate the direction of any trends.

A second concurrent prediction was made: over

"trials, knowledge should increase. This prediction in

effect, directly contradicts the first prediction but

reflects the learning that should go on over trials,
More specifically, the second prediction can be expressed

as:

P XpeY) Y, ¥y
XreYy Y3

Xpe Yy

The weighting system representing this prediction is:

0 0 0

W = 5 0 0
LN

1 .5 0

As in the first prediction, classification on experiment
3 one category below that on experiment 2 is seen as a
moderate error in the prediction and classification 2

categories below as a serious error.”

In accordance with the first prediction, WP should

decrease over trials (excluding the first trial which is
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a 'blind' trial) and in accordance with the second
prediction, ¥V P should increase over trials. S/ P for
both predictions and for both sets of data (cateéory and
metric) are found in Tables 17 and 18, When all ages are
grouped, it is évident that a knowledge of the prediction

task (i.e., biiqg classified as high knowledge on
2)

does assist in experiment 3. When the age

[ )
groups are separated, the predictions are not as robust,

experiment

although, particularly for the 11 year olds, predict%Pm 2
i. e., over trials knowledge should increase (knowledge
in experiment 3 will be greater than or equal to that on
experiment 2), seems to fare somewhat better than the
first prediction (knowledge on experiment 3 will be less
than or equal to that on experiment 2 due to the
increased difficulty of the third experiment's task).
Tables 19 and 20 show the frequency and percentage of
subjects by age in accord wih each prediction. These
tables indicate that in the initial trials, the first
prediction seems to fare better, particularly with the
metric ‘data. (Metric data not only reflects the
direction of a move but is also sensitive to the extent
of the move.) As with the analysis of knowledge
categories, this particular measure considers cell
frequencies and not' individual subjects. In this sense,
.subjects who may be highly random in their actions moving
in and out ‘of all the categories will have the effect of

reducing S/ P. Such random behavior (which may be
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Table 1Y

Percentage ot Subjects Over Trials in Accord with Prediction | (ZPy) and
Prediction 2 ( @ P,) Using Categorv Data

v

Trial Age (in years)
9 7 9 11

Pl l’:, !’1 PZ Pl I’2 Pl P_’
1 728y 49 I8 BE 55 17 ob
2 Ry 17 ol 89 B3 61 77 i)
4 72 78 66 X3 12 i) X3 )
6 78 67 7 K3 77 ! 66 17
10 77 72 6o /2 17 72 RY

‘f‘\



Table 20

(ttrcentage of Subjects Over Trials in Accord with Prediction |

l64.

Prediction 2 (7 P,) Using Metric Data

Trial

—_ 3w N -

Age (1n years)

9 7 9 ll‘

P P2 Pl P2 Pl P2 Pl ‘PZ
62 73 B9 45 56 B4 67 95
5% 77 100 56 62 79 79 96
68 78 100 62 56 67 45 94
55 77 95 67 61 73 72 89
55 717 84 62 79 68 78 90

(qu ) _and
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Age 5
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’
interpreted as a lack of knowledge) may in fact support

the prediction particularly if the subjects were

categorized as low knowledge on the second experiment,

' ‘4 ’

éubjgpt gy Subject Analysis
L

t The fbllowing results are based on category data

Cés'reflected in Table 21); however, the same trends are
Y
evident using metric data (as reflected in Table 22).

N Lol

. i . .
The main difference ‘between the two forms lies in the
1

’ .
slightly more gccurate performance of the eleven year

"olds and slightly less accurate performance of the other

three age groups using metric data.

The pa;tern of dist;ibution iﬁ Table 21 reflects very
clearly the clumping of subjects in the low knowledge
categories., Of those classified as low or medium in
experiment 2, 8 subjects who were consistently low
throughout experiment 3 and 6 made ad justments to the
chute bringing them closer to the target (mainly ih the
first orienting trial) but never recovered in that
direction again. These have been ;lassified below as
stable. Three suﬁjects may be considered highly random .-
moving in and out of the various categories with no

particular patéern. Subjects displayiﬁg this sort of

behavior are'those who were placed in the'high knowledge

PN N - PR S B S L. a - —_——— - -~ a at s U W .
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"shgws much more variability; howerr. its pattqrn seems

‘ ' ) . - 1. i ~

is‘perhnpé risrepresenting the ..

4

knowlcdyg of the .rules

relationship. Low knowledge in éxperiment 2 may in fact

be accurately pEedicting low (erratic) perfg!nance in -
= ) - ) l//
experiment 3. The final subject represents what may be )

: ~ s %
seen as a progressive movement- towards thq;target.

although it was not until the tenth trial that she was. , '

e
able to recoup her initial position. In sum then; flve \
‘ ' .

’

year olds were basically low knowledge and stable or low
- . .
v
knowledge and erratic in their behavior.
) [} .

\

. st Proa  Reg | A | N
.' . Low 0 .| 1 | -0 1 \
, [ ,
> “red | 4 |0 0| ™ 2 S
. High| O 0 0 o | \(
A St = Stable; Proo = Proaressive; a
\ Reg = Regressive; Ran = Random
- . - _ N
. 4 : ) (
7 Year Olds a . A .
. ' . ) 1

Seven year old,pér%p;ﬂance as.reflected in Table 21,

s

to sug&ystoin many cases subJects have some idea of the

~

dlrec?ton to move but were hawang dlffxqplty determinlng
~ * 7 é

the sjze of §he nec{SSary adjustments. Only two subjgcts jt

,\ .‘." 7 Q .

7 . 3

maintained thé'samd categdﬁ 1n gxperxment 3'as that ip.,

vhxch they wére 71aced in/gxper1memt 2' however, anotéer
v ( -

’four sub jects havg*;lso been categorlzed as stable novxng

. al L4

~

ouv_of the category only .once. Three'subjects classf?ied

~

;o

- ~ B
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as low or medium in cxperiment 2, did progress to higher

. \
knowledge categories. Five others,'while at timeq making

an appropriate adjustment, could not/d.!]plic{te it xaw .

-

and in fact moved away frcm the target and tl‘: vs* "ot
categorized as regressive. Four subjects may be
" .
considered as aperating in a random mode, moving back and
. . . N »
forth betweeén categories apparently not using feedback
‘information on each trial. In sum, most seven year olds

-

. can be depicted as learnjing to make appropriate

ad justment but as being inaccurate jn those adjustments. .
Sqme however, stlll W‘Qdifhculnes with the 1n1t1€1 'y
o g A ﬁ
orienting d1rEctlon‘ .
' . ‘ . !
. St Prog, Reg Ran
S - ) ‘
Low 3 2 1 2 >
- i ! -
. md 2 g 1 '.4 4 2
] Y .
- a -
Hiah 1 9 1 O 0
] * 4
- /? ‘ «;‘ \ <O
= Stahle; Proo = Prgaressive; ' / '
* Reg = Regressive; Ran = Random ' .
5 . .
e d .
. .. ’ ‘ .“Q'
9 Year 01ds : L 3
T ’ ‘ . : Nl
The nine ‘yev old subject classified as lowwin Z";

iperxment 2 (refer to Table 21) represents Z'sérious ;
error to the prediction (i.e., being high knowledge ,

through}ou« experiment 3)? Three‘classified_7p/;he
. ' R . :
medium knowvledge category in experiment 2, show ¢



le8

>

progressive movement to tﬁi high knowledge category, as
wduld be expected. Finally, two subjects were classified
as random jumping in end out of all three‘categories. of
the 10 subjects classified as high knowlgdge on |
exﬁeriqen; 2, ghree susjecté were plgssifiep as s};ble
essentiélly rémgining within one category over ali the
trials. Four of the subjectsﬁ&oved progressively towards
the high knowledge state'or moQéd towards such a state
with ove; corrections or moyémentsnén the w#%hg

djfectibn, but always recovering and improving

‘performance in the right direction. Only one subject
y

»

o , ) o
made adjustments in the wrong direg}ion without

apparently recovering in the right direction and two
subjects were very erratic in their mo;ements, jusmping
between tRe knowledge categories. ?In sum thenﬂ nine year

old parformance was categorized mainly as high in

experiment 2. While ,they apharently found the ‘task of
experiment 3 more difficult and thus vere categorized as e
low or medium in the-initial trials, they were able to

orient themselves in the proper directi®n and

! 4 *

progressively refine their aim. . A .

A
/J/ o
¥ J .
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Q »

M
- - a 1 2
« T <t = Stable; Proa = Proaressive; . Y
s . , 2ea - Pearessive; Ran = Random ¥
N N
‘.’\\/ ] s
Age 11, : , L -
’ .\ ‘.

Within this age group, no subjects were clabsified

as low_in experiment 2. Of those classified as medium (7
subjects) in éxperiment 2, only one\%emained stable 1in
the ﬁedium cat gory-&f experi%ent 3 (with one

;gkmisadjustment). Four of the othgrs seem to move towards

_‘, the Righ category bgt with some variability within their

pgﬁ?ormance.(which ﬁay evidence the stil]l tentative
~nature of their knowledge-base). Two subjects were
categorized as regressive; their deteriorating
performance reflecting a violation of the predictions. /
Seven of the eleven subjects (64%) classified as high uﬁ

“ o '
experiment 2 remained high on experiment 3. Two others
N * .

have some difficulty on,the initial orienting trials but,



]

both recover an the
high knowledge proup
dubjects violatg the

.medium over the last

<5

appropriate

170

dircction maving into the

by 'the sixth trial. vFinally.. two
prodi("ons sV¥iding from high to "y
11 year vld

few trials. In sum,

’ peFformance tended to flu{t.uutu more around the high

Lz

orienting, thcitelves
e,

knoovlvdg,p}ti'dlegory (-he{ng successful fairly quickly in

to the~ target area), whédas n1ne

year olds -'teﬁdt'(i to fluctua around the medium knowl‘edse
) . “y
catepory. E : Se
4 . »
N & : .
. \ “ N
St Proa Ren Pan * "
N _ 'y ‘
L .
Low 0 0 0 0 i
Med | 1 a 0 2
) -
Hiah 7 2 2 0
S | R
’ St = Stable; Proa : Proaressive; “\

( . Req = Redressive; Kan = Rancom

La

'S
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- ' Experiment 4

v

F IR g
ETRE B G2
I R
NS Ay !

Experiment: 3 allowed subjects to gwnluntv their
8

. p

knowledge of the task and the stratepdes tlugy
. N .~ N

developed to hit™Mhe target. The regults of “this

. .
evaluation will be evident in vxpé'rinwn( 4 through

Chang(,-s,‘f any, to the declarative and procedural

.

ha t‘?”w“:«s».,

5 .
1

.‘.,;.; T

kl.-dge on whtch the oripinal predictions were hased,

Sample

Those subjects ured nothe previous three

“experiments were also used in oexperiment 4,

The Task™ ’ ) <
e ‘ v ’4'
! The task was the same as t}u‘wruiir[(t aiming

"/‘?‘Xperimen‘ts "2 and 3.

. experiment & e;actl‘y teplicated those of expbériment .

’
tus

The same apparagus used ig the previous twb

Oxl'cri"mer‘mts was again used In experiment 4,
. ) .

Procedure
rrocedure

Experiment 4 was desipred to measure chanpe,
)

3

tn the declarative and procedural knowledgd: base
4 < )

exhibited in experiment 2 due to the proceédural
£
/

. ,r’ .
experiences of experiment 3. The procedures 16y

-

task of

it oany,
»d
-

o

Ue

A
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®
PRI
E v

f‘(ﬁmt 4hdt unl) 3 targets

j‘ﬁ‘etq was rvduced due to

the suﬁj\rts. partlculdrI)

7B fglnnl targets 5,3 and 4

‘g.!‘)

-n\'
L]

rred to as targets

dgilgn was a 4 X 6 X 3 X 6

with

1,2

ndigipn) factorial
two-‘.clbrs.
L 3 *
.
. '-‘

Per!o*an'c‘aon the Predict

174

werce used., (The numbeg of

the limited attention sp'h

[«

the 5 The

vear olds.)

werg uscd and will now be

*

, and 3. Thus, the research

~

(Age X Order X Target X

repeatced measures on the last

-

’

ion Task

rd

Result

4 L J

e i

pfesent(d first

~

i

on pérformance The class

-

1

basis ot knowledge categor
- . (

L J

”

Task ,Factors

subjects’
inchés) between the actual

target. As in experiment

data was collected. Using

significant main effects

.040, and target, F (2,96

obtained as well as a sign

interaction F (10,96)

condition interaction

N
JEVE

age by order by condition

Ji(rom am analysis of
. .

n®relation to the effect of task fac~

error scores calculated as the

for age,

variance will be

~

t

ification of subjects on

ies will then

be analyzed.

. ~

The dependent )priab}e for experiment 4 was

distance (in

path of the ball and the

~

2, both metric and category

Table 23f;hows
" 1
2.97,

category data,

F (3,48) = p <

3.11, <

) . 048 were

iy

ificant order by target

¢ .001, target by

R

10, 480) .043 and

= 1.Ro,

interactiron F | = 1.37,

< .
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2ummary Table of I -Raties tor Prediction Task Usine Catceory Data

d - e
Part of Madel Sunst ot Degrees Mean b Probaby by
’ v Squares Freoedom Squaren - Ratao ,
Al E 080, 77 ! 220.0% 297 Y
()b . 638, 34 5 127.66 NI Lo
AQ) 1336.67 15 BY. 11 foin oA
S oeltihn yroups oo, 76 48 76,26
- ' 155, 5% 2 77.94 H P
AT R7.07 §) 25.02 0.5/ . laG
r o
01 SRIBE 10 82.08 J.w oo
AOT ¢ C4T79 0 30 T 15,96 0.6 Y
T,\; - owithin groups 2609, 0 e 9% O 250
¢4 ' 194,00 S B L
AC 480,494 s\ 32.06 1.0 S
0Q et 519,77 25 31.64 . 0.60 TR U
AOC . 3267, 31 79 43.56 1.7 Ll
CS = within wroups 7904, 74 240) 31.64
v
?. . , .
Ic } R836.7. 10 83.67 1. HY NP
TC 479.01 . 30 Y/ S| 0.91 .”.';UH&
C - v L662.08 50) 33.24 0.75 Lsa
AOTC 5357 .42 150 15.71 (). 80 L9534
FCS - within groups 21176, 32 480 44 )
J'\QL‘ , b()rg@. “Tar pet, d(f()n(lx tion l »
< 00, Fr oy 0 : ‘
Al
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p < .037. As noted in Table 24, using metricjdata a

significant main effeclt was found With only ‘age factor,
o . . “ R .
F (3,48) = fPiO, p < .00l, and a significant

) interaetion betwcen only, the two factors targed and

condition, F (10,480) = 2.28, p < 013, Because the {

) manner in which the metric data ined required a
25 Y . N
. '»‘ ) R h . & * .
more refined prediction gﬁ the part ol the subjects -
t\. g . k4
% ,
. . . el # s
(i.e., subjects had to determine the specific path of the
- . ' T SR
ball not just a broad area through which it would

travel), it is not surprising greater differences are
L 4
found with the metric data. FEven so, the analysis of the
. . : \
significant effects using category data shows similar
. . . i< . .
» trends to those scen.with the metric data.” Therefore,
while explig:t reference will be made to trends in the

smetric data, $he-comments are also relevant to the

- .
s}gnifigant effects noted with the category data.
‘F ~\ ‘
4 \ ‘ !

Again, a jrelimipary ané]ysis[éf the signifigant

[ i »

main effec*s and lower order interactions will preceed

discussion of the higher order interactiaps. .As in

experiment 2, 7 year olds performed mordJpoorly in the
prediction task than did any of the other thrée age

\
groups although in this experiment the differences in

-

performance were not as large (particularly between the 5

and 7 year‘olds). No significant dif@prences betweén age
- . . - N

ed using Scﬁ;fte post hoc tests with

groups w

.
(3

category. d| -metric data, 1l year olds performed'
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.« . Lo 1 * .
sumenit v Table of F-Katios tor Predict on [psk Usang Metrie Data

-

177

-
' R | §
Parr ot Model Sum ot Degrees Mean F Probabilitw
Square:s’  Freedom Squares Ratio
- —3— « ‘ ‘
A . bl ! 12.20 7.10 000 *
ob 3.29 > 0,65 0.18 0, 8K
AC 40,27 LS - 2.68 1.5 00121
So- within oroups B2.44 48 1.71 /
re 0.9 : R .40 1.05 00401
AT 1. 34 tH 0,22 0.90 'U.N‘)'.
T 424 10 ., 0.2 0.96 a8
A0 1O 14 30 0.133 0.76 €0.797
I - wathin groups 42 .44 T (.44
(d 277 g 0.55 G.43 0,94
ac 15.4) 15 1.03 al.36  0.166
0C 12.87 25 .51 0.68 h.3713
AOC 34 .84 7% 0.50 " 0.66 0980
(:S\x[hln Rroups 37 .86 240 0.75
TC CLL) 10 1.7 2,08 "
TATC J © T 3B.LB7 0 1.29 0. 93¢ AL
0TC 57:18 50 1.l4e 0.82 KT
AQTC 139.93 150 0.93 ().b?& .9
LR() 1.37

TCS - within $oups.  6H1L 77

.

[

pe, g()rdz-r , “Target, dCondition
p - 001, #% p /.()') -

\
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P

swipgnificantly hgtlcr than the 5 and 7 year olds, and9
]

year olds pfrlormed significantly better than the 7 year
olds. Table 25 shows mean error scores for both setsof

. o » i
‘. ‘fqtu. When these results are compared with similar
%, _
c - a’esu}ts of the three \argegs from experiment 2 (as

[ .
reflected in Table 6), using eitfer metric or category, .

/datn: all age groups decreas®d theif errar scores in .
if‘ . expeffment 4 (it should, however, be kept in mind that
omly 3 targets wefe used in experimeht 4). It ma; be
doﬁcludgd‘that the prerie%ce of experiment 3 allowed.
sub jects to accumulat; a larger‘moro wﬁegul stere of
s
declarative knowledge. -, . .
. , .u .
Table 26 1]1Lstrates that, as in experim%nt 2,
.
33.33%7 of all the haiis.yere predetermined to hit the
;Q ‘ target. The same teb]e ‘shows thp& five year olds ;
iQ ?redlcted 56 IT% ﬁéﬁf& hit (1n con€Faet to 60 497
?/ experlment 2) aﬁﬁ 7 year ‘olds predicted 39.81% (in
. congrast to the . previous -46.147). Nine and ;1oven year

olds were almost perfect in their prediction of hits,

predicting 33.647% and 33.95%7, respectively as compared

vith 33.()21’§nd 35.8()Z resp‘ecti‘vely in experiment 2,

’

’°3 [

Thus the yOggifr subJectq qﬁ%g&tntxéll» improved their

predlctxons r thﬂt of experiment 2 although they stil!

-

o A »
ggassly overp;éﬂiqted the hit qategoxxes (predictions for

experiment 2 can be found'in Table 7). The older two .
e . ol ; ‘
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Fabhle 25

A\ . . L .
Mean Error Scores by Ave U
e SRt L S T N

S1ne Metrye gnd Calepor v Dty

Age Moty
(years) . Crn i hes)
“

—_—
o » g
7 LS I
9 U
11 Tl6
L]
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Table 26
- ¥requency tand Percentage of Predictions Made tor bach Category Usaing Categor v

-

© Dara .

(s
~ Condition Expected Nheer ved
. - -
) K 4 11
N 4 N 7 4 \ , \
i\ N
A
AN 5 16.67 Ko 2047 2 SN b, TS I R
AF 5% 16.67 6 1.98 b R o a9, LA I B
H 108 33,733 182 56,17 139 9,91 tha 34 64 TR SIS
BN 5% 16.67 51 15,74 SO 70T oo o Hr oL a0
M BF Y/ {G.67 60) {8,052 t7 DI '\‘l/ [, LT S|
Total 648 100 04K LOO 4R i o 1O CH4K 1O
) \
AN = Above Necar, Al = Above Far, H = Hit, BN = below Near, BE o= Below bar

A
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1 . f . ‘ . . .

i

predictions., Again, 5 and 7 year olds responded in a

similar manner showing greater variability dJf per!gpmance

than the 9.and Il year oldlgroups.

.

sy - v
.

A4 Increased accuracy persisted across all targets. The

-

‘/
-

_targets closest f the side wall (i.e., targets 1 and 2

»

J{n Figure 12) stjll proved the most difficult (except for

the 5 year olds for whom the target closest to the base
of the boand[was more difficult, i.e., target 2). The

upper most iarget'(targét 3) proved the least difficule.
\

\

’
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Again, the order of presentation of the conditions \

\

for each targetvhad an effect on the error scores
reflected by an order by target interaction. When
presented with conditions requiring predictions above the
target (;.é., AN, AF) in the ipitial positions“followed
by conditions of below the target (i.e., BN, BF), the
'Hifficult‘targets were most challenging.Q The easiest
targets were also performed more poorly, Eonverse]y,
when éonditions requirjng/prédictions of be]éw the target
.were presented before those requiring above target

predictions, performance was enhanced on the easiest

-target. Performance was most poor on the easiest target

L

under the more random sequence of conditions in which the

above and below conditions were interspersed. On the

. ’ _ .
other two targets performance wai/equally variable. This

- ] R

\

relationship is illustrated in Figure 14.
. 3 N\
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Figure 14. Mean error scere on cach target as a function
: tati1on of cach condition.

of the order of presen



183

Similarily, the c%ﬁditionvdifferential]y‘affected‘

-

performance on the.various tariftéu(reflected in the-
. o " J

' /

target by condition interactiom). Figure 15 shows that.

on the upper most target (i.e., the easiesy target),

performance.was bess op the catch trials (i.e..W\it) but
N L] ~A . . *

worst on the above target predictions. Conversely, on

the more difficult targets, the catch trials were

performed most poorly and the above target predictions
\ I ' v
more accurately,

» ]

Finally, the age by order by condition interaction
produces a rather complex pattern of effects. Five year

olds ‘performed more poorly on all conditions presented in

any order except order.b,‘which was one of the random
arders (C1,C2,AN,BF,AF,BN), on conditions below the
target and near to the target (BN,BF.AN,EZ). In the
other age.groups, basically 11 year old perférmance was
sigﬂff{cantly superior to both 5 year old performance
(except where previously noted) and 7 year old
pérformance, although in this iatter case, one quarter of
all possible combinations of order and condition for the
two  age groups were not significantly Wifferent. Eléven
year old performance in experiment four was quite
accurate thus in those cases in which 7~year olds

. N »
-predicted accurately, no perfomance differences were

. .

found. For example, performance of 7 year olds on all
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Figure 15. Mean error score on each target as .
a function of the condition.
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prs

targgts presenteu in\ZIder 5 (C1,BF,C2,BN,AN,AF) apd éhe

first catch trial in 1 orders except order 6 %a random

order) were not significantly different to 11 year old

perfoermance on each of the catch trials across orders
- .
except the first and sixth orders, ,
cv ""v
) )
§ b
Knowledge-Performance Categories of the Subjects

"As noted earlier, experiment &4 is a repeat of
experiment 2 using only 3 targets. It was hypothesized
that performance in gxperiment 4 would reflect any
leqrhipg from the actual experience of making adjusthenté

to the chute to hit the target in experiment 3. No

‘feedback was available to subjects in experiments 2 or &4

(as the ball was never allowed to rolbk down the slide)ﬁ“
In only experiment 3 were subjects provided with
information about their own actions in performing the

ftask. The size of the error in absolute terms diminished

-

as did the distribution of subjects in each knowledge

4

category. Table 27 the differenge” in distribution of

subjects across knowledge categories between experiment 2
and experihent 4 (the same boundary error scores were-
used for establishing the categories). Clearly, a larger
number of younger sub jects are now classified as medium
and high knowledée than they were in experiment 2. It
should be noted however, that age trends are still

A )
apparent. That ig, the older subjects still

out-performed the younger ones. This can be seen in



Table 27

Distribution of Subjects b Age Over Knowledge Cate ories Using Categorv
Boundaries from xperiment, 2 for LCategory and Metric Data

A

Age (in yrs.)

- Knowledge Category Metric

Categﬂ§¥\‘\ki . : .
v \

S 7 9 11 s 7 9 1]

,’—\- A —
low 9 7 0 0 8 10 o0 0
medium 7 8 6 /5 9 5 8 7
high 2 3 12 13 1 3 10 11
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m*ble 28 in whlch the 33.33 and 66.67 percentile points

of subjects’' comblned error scor periment 4 were

used ‘to establish the category 7S (exact 0

are found in Aeycndix B).

Predictions made by subjects in Experiment 2 were
significantly different from the actual path of the ball
in all age groups. Pearson Chi ;auares done for the
predictions in each age category were as fo}lows:
300.19, 224.64, 46.46 and 33.98 (df=4, N=648 p < .001)
foryage groups 5, 7, 9 and 11 years ro;pectively.
Similarly, procedures done for Experiment 4 resulted in
the following measures: 133.39, 94.07, 17.36% and 9.78*
(d{=b, N=324¢ < .001) for ages 5, 7, 9 and I1,

,gespectively. Only Chi sdﬁares for ages 9 and 11 weré
significant. From a purely descriptive point of Qiew,
r
these results™ ndlié}e a/developmental trend towards more
~accurate categorical predlctlons w1th aée They,a1§o

indicate the role prior experience plays in subsequent
performance. Increases in prediction accuracy were
evident across all age éroups of Experiment 4. The
reduction in prediction error was about prqportional

- across all groups; however, the reduction in error by 9
and il year olds brought them substantially closer to the

expected frequency of category predictiong.

4
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Fable 28

-

C .
l)nstrxhunon of Subjects by Aue Over kmwlmlht Fateporigs P'sifAg 'C ||4'vurv
Boundaries from prvrlmggt 4 tor Categorv and letrac Jat

N

e

' Age (1n yrs. b

Knowledgé Category Metra c ;‘
Category ’ '
5 7Y 11 7 4 11
low 15 9 -0 0 [ il | O
med ium 3 b ) f 4 ) )
high o 19 o 9 b

L \

.

°’



CHAPTER S .
DISCUSSION

L

-~

[y

| ~The discussion will he divided into three main
sections. In the first section age trends will be
discussed in terms of the strategieS subjects used for

each task. The second section will .consider the context
of each task and its inffﬁence on performance. Finally,

/

the level of knowledge of the subjects will be discussed

Al

in light of théﬁr categorization on each task and its:

dffect on performance in the other tasks.

~> ~\.

Age Effects

/ CQlear develdpmenta] trends were apparent throughout
the investigation., ' Generally, performance, improved with
) age as would ‘be expected. Civen the redatively. lean

experiential base of younger children, it is unlikély

’

information relative to the task would be a part of their
gerieral knowledge base. This is prdbably even more

’ .
likely with the particular sample used in/&his .,

investigation. /The basic principles and movemept

patterns underlying the taskfare ones which are a part of
'/

many play activities typically involved in by boys but

not so commonly by girls. That is, activities such as
.-

-

ice hocke}, street hockey, soccer, etc., all;fwhi.d‘ are

based on the underlying principles ysed in t

experimental task, are culturally normative attivities

P
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for boys but not so much for girls,

L

Those indiviéuals who do become involved in such

»

#ctivities at toungvagc may a(‘('luir(- task specific
'iufofmatién about angular forces, rebound angles, etc.
(although not necessarily formall)) and be able to
generalize this knowledge to other contexts much sooner
than others who‘have not had such exposurei lLihen and

" Goldbeck (l984)¢make a similar argument in explaining the
differential performance of males anq\females on‘Pjaget'sif
water and plumbline tasks. They suggest that females
lack experiential opportunitiies necessary to gain a
general understanding of the basic laws of nature whicﬂ
underlie and cbnstra;n various physical phenomena. For

‘example, in the context of one of Piaget's verticality

tasks, when asked to draw a vertical line on the side of

»

a hill.'many females will draw a line perpendicula} to

\

. the slope of the hill. ‘FEmbedding information in the task
instrﬁctionslt; enco?fége sub}ects to consider certain
natural laws which invariably affect the tasy did little
to reduce the differegces in performance. Providing
subjects with training in the ,rules and an uqderstanding

’
of the ;dles did however, substantiaily reduce sex
related performance differences.
{“ .
Liben and Goldbeck's (1984) argument is extended here.§\

beyond sex related differences, *to age related
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diffgrences based on differences in experiential

oppd‘d’ntties! A8 no sub]cct in this invratlgatlon'had

-

specific experience with tasks similar to the
experime&ta] task (e.g., computer games and ice huckey),
any knowledge subjects had about the task, or p/ﬁzédures

to ‘successfully perform the task, had to come from

1

general interactions with the environment. As mentioned

. v

earlier, given the increase of experience which is

v

typically associated with age, developmental trends are

[y

thus expected.

Strategies Used in Making Predictions

Notwithstanding the fact that performancé improved
with.age, 5 yea;nglhs as a group actually out-performed 7
ye;r olds in experiment 2 (the prediction task). This
reversal in trénd méy be accounted for, at least in part,

f the nature of the assumed strategic activity of each
group. A range of strategies was ohbserved for the 5 year._
olds which, in general, seemgd to relate to performance
success. Three main strategies can be identified. Those
sub jects with the most extreme.errors tenﬁed to predict
that the ball would zig-zag around the board ‘or roll up
the right hand side of the board over the back edge Tn
experiment two. 0n1y the right hand wall was mentioned

. ‘
presumably because the chute always faced that direction.
Such predictions were made no matter where the chute was .

-
placed. The second and most prevalent strategy will be

\

iy 1
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called the 'hit' strategy. Subjects ;rcdixtod thet every A
’ -

trial would result in & hit on the target. They

.

pe;=isted in this prc\iction even whed 'shown the exact
position of the chyute ?:: a"hit to occur. (As noted in

/ - -
“he prozedures, once subjects were ghown the positron of
oo wrute for o adt and a hir lemonstrated, 3 Mmark s

. ’ T . .
mrle >r “he hoard to identify the spot for the romaininy

Trrale, 1bjects using rhis Strategy Seem %o "ave '
21 btaer _ncred the ma\$er éne or 1ssumed there Vere mary ),
Sther 1 tces along rthe board to which the chute -1l 4 he

Toved a1l mou[d.alsc produce a hit. Certainl; thev >

urndersto6t wnat the marker indicated. ' When asked, 'tey //////

7

v

Tsiscemt iy osand a2 bkar, ) 7

Jotr rrn2se strateyles (the zig zAag strategv ana tne

‘~1t' o stTateygy) may suggest the child did rnot yer
»
1 rhat the position of the thute for the’bal: t,

.ndarstar
Thae Target 1s rfonstriined to cnly, one positimn :nd 13
tTaliaeraule by her own actions. <irrilofi-Smitr o in--

rnelaer 1 74) made a srm:ilar obDservation with «-f ceurs

sids 17 fneir :nitial apptoaches to Halancing a hlack on "h\ .
4 rouad ;.ece ot doweliing. "Subjects_.placed tne block at
4nv point <t zZontact and let go aésumlng it wouls
"alarce. T%e author:s suggested rtrat, as’ine“bZJTP
repeate’d: ‘211 5tt =he dowel, the children gradially
' A

iiscover=2d that the object had proserties i1ndeperdert of
LN

their cwn acricns on it (p.20l). Subjects' subsequent



~at: various angles. Subjects did not receive feedback in

. T

» \‘\

‘
’

' . .
strategy was one of experimentation - a sort of

fact-finding mission., IDiscussion of 5 year old subjects'
strategies in experiment 3 (in attempting to kit the

. 0, ~ .
target) will show a similar pattorw'

' ‘.

Thewghird main strategy noted in ‘the 5 yegr olds.

o

4

"y

resulted in more appropriate, although not “necessarily

more accurate, predictions. Subjects drew a line to thi;

side wall and then out from the side wall across the

“

board. They then méde their prediction based on their .
diagram. (In the~first condition of experiment 2
subjects drew the line with their finger on their own
volition and then made a category prediction. In the
sécomd cohdit?on,vsubjects were required to use a piece

of chalk t® draw the predicted path of the ball and the ___~

error was then measured.) While subjects consistently

~

underestimated the rebound angle (predicting a categony .
below thé target), they did seem to accept thé'idea that

the ball would rebound off the side wall and would do so
experiment 2 to either confirm or falsify their action,
therefore, it is not surprising they persisted in their

o -
initial approach to the task.
. ?
Seven year olds showed some refinement in the
strategies of the 5 yeaf olds. All subjects in this age

group understood that the ball would bounce off the side



wall towards the centre of the board (based on the path

they traced for the ball). They also showed some
understanding of the direction the ball would take with
various movements of the chute. It was the degree of
knbwiedge in this area that separated subjects. For
example, while they understood and used the mark on thgg
board indicating the position of thé chute for a hit%;{
some felt that if the chute was even in the vicinity of
the mark, zzhit would still occur. Furthetr, the chute
had to be to the extreme left of the mark for sdbjecté to
suggest the ball would go above the target. Othe than
that, they felt it would go bélow the target (table 7
shows that of 216 balls positiéned to go above the target

in experiment 2, only 37, or 172, wei. predicted

correctly).

As was done by the 5 year olds, many 7 year olds
used their index finger to trace ou; the antiﬁipatea path
of the ball; however,'there was a slight transition in
their stra* :gy. Nine and eleven year olds were observed
to trace out the path with tﬁeir eyes (sometimes
confirminé with the finger but very rgigly). Seven year
olds were beginning to'evolve to this apparently mojye

mature and abstract strategy of the 9 and 11 year olds,
They fluctuated between drawing the path on the board and
drawing it in the air as they 'eyed' the path. The

mature strategy seems to be based on a conceptualization
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of where the ball would go. The immature strategy is
based more on response loaded feedback from the
environment (that is, the path of the.ball as drawn on

¢
the board). While a move towards a more powerful and

conceptually-based mature strategy, the transition

strategy of the sevén year olds as used on this

particular task, proved to be 1es§;atcu}ate than even

that employed by the 5 year olds.. .
‘ SR

Piaget (1971) throug® hiS'nofion,of equilibration,
suggests that knowledgé.is'lea§£'5tab1e during a period
 of transition from a-staté of initial kﬁowledge to a
state of later, more mature knowledgel That is, the
stability of some domain specific'knowledge can be
represented as a U—shéped function ?f the amougt,.of that
knowledge. Siegler (1983) makes a similar observation.
He suggests that childrenfs beﬂavio; is baséd on the
adoption of increasingly more powerful\rules or
strategies. He goes on to suggegt that while a new rule
adoptgd by a child.(assuming it ‘:} to be the mature
rule) will be more accurate overdp wider range of
circumstances than the old rule, it may in fact be less
accurate in certain speaific circumstances in which the
0ld rule may have been more effective. Thus, seven year
olds' transition in strategy may reflect progress to a
much more powerful mature strategy, one more coqceptually“‘

driven than data driven. Its inefficient use at the
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present time, however, p;oduces inferior results to the

less powerful strategy of the 5 year olds.

-

é

Wilkinson (1984) further suggests that as the
complexity of the task increases, subjects may have
difficulty co-ordinating and integrating new c;;ponents
of the task. He suggests that stebility during the
development of ; skill depends on both the person's level
of knoﬁledge and the complexity of the task. Based on
this perspective, 7 year olds may not have acquired any
new declarative knowledge (that ié, they mey aiready be
able to conceptualize the task perhaps through repeated
trials usiﬁg the 5 year olds' strategy), but may bé
having some difficulty in procedualizing the more

abstract strategy of mentally tracing the path of the

ball.

Nine and eleven year olds were much more accurate in
their predictions, althdgéh'the trials designed to travel

-

above t@e target proved difficult even here. Qith the
\ . :
chute pésitioned either near to the right hand wall
and/or sharply angled towards that wall, subjects could
see very clearly the éeneral area of the side wall the
ball would hit ;ithout necess;rily having to invoke a
conceptual rule. The angle of rebound predicted by

subjects however,seemed closer to the horizontal than it

did to the angle of incidence particularly the farther
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down ther wall the chute was aimed. The proportion of
- <
observed predictions for below categories in comparison
'ﬁo the expected predictions for 'those categories confirms
‘the over prediction in these categories for all age
groups. Is also indicates that 9 and 11 yéar olds were
not basing their predictions solely on the logical rules
underlying the task. ~If the chute Qas'pﬁaced to the left
of the hit marker, the ball would go aboﬁi“;he target.
Conversely, bny time the chute lay tb,the f!ght of the
marker the ball had to travel below the target. Where
the major ';bove', 'below' and 'hit' categories were

transposed, subjects were probably relying on perceptual

“skill more so than on the logical rules.

Strategies Used i:?‘ﬁYEZ;;; the Target , *

A similar pattern of strategy refinement is evident

across experiment 3 although this time the effectiveness
®5f the strataégies increased progressively with age.

While the oyerall goal ‘of hitting the target governed

their behavfﬁ?fr;\;ear oldes genérally assumed a sub-goal

~
of exploring the behavior of the ball when the chute was

jmoved to various positions. The chute was moved back and
forth across thé board (in a rather flamboyant fashion)
in an attempt to find the appropriate position from which
to hit the target. Whilevsubjects did seem to take note
of the result of each move, they were more concerned with

oht absolute hit or miss result than the size of the
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error or the dif?erence in errop from tée preceding
trial. Once the ball missed the target they shifted the
chute to an entirely new area of the board as though théy
were cataloging different-positions on the board. It is
possible some subject; may have had the rules reversed
(some did explain them in :fverse at the conclusion of
thelinvesrigation). Here aé;in. howevyer, is qvidence'
that subjects did not have the appropriate decf;;ative
knowledge goverﬁing this task. Karmiloff-Smith and

, Inhelder (1979) suggested the young subjects in tﬁgir
study were exploring the different ways in which they
could manipulate the block. Once they had tried all ;he'
variations they could‘créate,’the authors suggest the%,
’were then in a position to choose those actigns that

f

appeared most relevant to the goal (p.201).

One five year old in this investigation, for.,

«

instance, verbally planned'the next move of the chute to
the opposite end of the board before the ball was even

14

released from the current position of the chyte. The %
abrupt movement of some subjects in and out of knowledge
categories (tables 21 and 22) as well as the raw data of

many of those categorized throughout as low kndwledge
reflects the erradic and large. fluctuations in their
placement of the chute. The fluctuation of the error

score in tfe age by trial ihteradtion (table 10) is also

indicative of their variability. Subjects did, however,
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L}
)

have certain expectétions as to how the{ball should
beggve. Two subjeétg became quite iﬁdiénant that théy
were\not able @o ﬁig the tar;ét. After béing
unsuccessful on 2 and 3 targets respectively, they both

. - 1) - -
suggested that there was definitely something wrong with

the apparatus, they h?d tried all'ppssible pgsitions of

the chute and if "things were righ“ they would have' hit

the target. : ( "

1

&
. o
Another strategy, sometimes superimposed on the

‘

. \ hd
‘above strategy by -the 5 year olds, was to select a

an imaginary line on

2
. the board with“ finger to represent the path of the

C

accuracy of the position was conffrmed; if the two did

position,far thq chute and -then draw

ball. If thé path céingided with™~the targeti the
not'coipcide. the chute was further‘adjgsted. Several
sub jects a&*&d a novel twist to thii strategy. In the
event the path did not coincide with the target, these -
s:tjects reversed the procedure Gy drawing the line from
t target to the chute. This line always coincided with
fhe chufé! Subjects may have had a precon;eived/yotion
(or theory) of what would or would not work <:/ )
(Karmiloff-Smith and Inhelder, 1979; Be Sessa, 1981;
’LPuler. 1951) and thus were intent ;p mdking the evidence
fit their own views or, they may have been ;illing to ?

"alter the position of the chute if need be. Their*

naivete about rebound angles combined with the
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necessarily arbitra;y nature of drawing a line from the
target to the chpte m#y have éiven subjects the required
flexibility to in effect, manipulate, albeit
unconsciqusly.'a.suc;essful hit each time and thus‘ there

‘\*\ras no need to make any‘fE:ther ad justments.

Seven year olds progressed from relying solely on
successe8 or failures for adjustments to the chute, to
‘considering thé size of their error in subsequent
at;émpts. They still relied almost solely on draying out
the pattern before settling on a position for the chute.
As noted earlier. this group recognized the'results‘of
moving the chuté to the extreme regions of the board.
Their initial.trials may therefore have been guided by
such knowlgdge. Subsequent reffnement of the position
was based on the size o( the erro} and drawing’the
prédicted‘path of the ball. It is suggested that the
initiallorienting trials are now being guided by some,
albeit weak, conceptualization based on the extrenme
movemﬁpts of the chute (perhaps learned, obviously
outside df this experiment, by the sort of extreme °

experimentation done by the 5 year olds). Once a 'ball

park' apbroximation had been made, subjects refined the
| .

position through numeréus environmentally-driven

ad justments. Only after this gross approximation is

attained and recognized by subjects can they refine their

position. In the case of the 5 year olds, this sort of
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orientation was not readily achijeved, at least in the
. . ’

third experiment.

*
N

—~~

Nine and eleven year olds clearly understood,
directional movements.,of the chute but made final
refinements with either a finger tracing or by standing

behind the chute and 'eyeing' the path of the ball.

While the 11 year olds seegpgd quite comfortable with

a

4

their strategies and }heir'knowledge of the task (some’
did mention that remembering previous positions of the
chute was difficult and blamed their misses.on forgetting
where the chute had been positioned onbprevious trials),
some 9 year ovlds; in the face of contradictory evidence
(e.g., their tracing did not hit the target or, when the
ball was released, it missed the target) doubted the
equipment or their conceptualization of the movement

.~

behavior of the ball. In other words, while they had

some: confidence in their knowledg; of the principles
uhderlying changes in the path of the béll (they always
came back to them), this knowledge was not.QUiCe as
solid, or reliable, as the cpncrete evidence of drawing
out the path or experiencing a miss, and was at times
doubted. It should be noted that the actual physical

ad justment of the chute and the drawing of the path were

doubted equally (one subject noted she may have had a

)
<«

crooked finger on one trial!),
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\a 1 - .
Vestiges of old strategies appeared ¢

categories pariicularly when subjects repedfdly met

failure when they expected success. Fyen § \ the
. . / v g
underlying logic subjects may hav n™F's
<
correct, errors in the perceptual and responsé-lToaded

aspects of the response (i.e., moving the chute the
appropriate distance) produced misses and diminished
confidence Yn the procedures. On several occasions older
subjects in such ; situation made a large adjustment.of
the chute in order to re-orient themselv;s and make sure
the bul]rwas responding as they had predicted. They were
in effect attempting to confirm their theory. Other
subjects who had¥been 'eyeing' the path of the ball in
unsuccessful attempts to hit the target, fell back to
tracing out the path with their finger. Siegler (1983)
suggests.that children adopt specific rules or strategies
based on their perceived accuracy in solving a problem,
[f a particular strategy seems to be failing, they may
fall back on moré general but less powerful stratégies
which they perceive to have been successful\(Siegfer
1981 ; Anderson, 1982X. [n this case, they may have
fallen back on more general strategies which provided
them with concrete information prior to releasing the
ball. Using the finger to trace the path of‘the bail may
be interpreted as a general strategy adapted for use in a

specific task. Much of the literature relatgd to counting

skills, for example (Brians & Siegler 1984; Gelman, 1978;



Gelman & Gallistel, 1978) describe early strategies of

using the finger to point at objects in order to tabulate
Y

them, Thus, fingering key objects or areas may be a

general strateygy used to highlight information the child

considers critical.

The Interaction of Task-Related Factors and Pertormance

Interactions between various'tagk parameters
indicate very clearly ihat manjpulating such factors as
the placement of the targets, the or&er~of thei}
presentation and the order of, presentation of the
conditiqns to be predicted,tin effect, changed the nature
of the task. LlLawson (1984), Brown (1978, Wellman 1983)

and Flavell (1981, 1978) all emphasize the need to

consider the 1nteractfve effects of not only various task
variables, but person variables, knowledge variablés and
environmental variables in the analysis of performance
effects. The degree of difficulty of a task may inhibit
certain strategic activities which, ufder other
circumstances may be a part of -a child's repertoire, or
may cause the subject to invoke(the use of less
sophisticated strategies;v)De Loache, Cassidy and Brown
(1985) noted that the task environment af{scted the use
of metacognitive strategies in young children. §everal
other investigators suggest that very young children do

engage in spontaneous strategic activity on more simple

tasks; however, as the task becomes increasingly complex
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much activity is either no longer appurent or is ,r
unsuccessful (Wellman, Ritter and Flavell, 1975; Yussen,
1974 ; Acredelo; Pick and Olson, l975:wbeLoache, Cassidy

and Brown, 1985; Wilk+nson, 1984). c I !

It is apparent that the levels‘within the task
factors of target position order of presentation of the
‘targets. Prediction condition and order of presentation
of . the conditions had a differential eftect on subjects’

1

performance.
{

Task Factors Affecting Subjects® Predictions

In experiments 2 and 4, predictions were made
without feedback of the accuracy of performance yet
interactions involving the task parameters of target,
condition and ordetr were present. .

Nine and eleven year olds wére‘more frequently
guided in their prediction by prior conceptual knowledge
as opposed to perceptual factors, and thus may not have
been as severely affected by changes in the various task
factors. However, even they made predictions by tracing
out the expected path of the ball. When conditions from
the same category were sequentially presented, subjects’
performances improved particularly on the more difficult

targets. It may be suggested that when the chute was

positioned in the same vicinity on consecutive trials,
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nuhjéfts were able to trace out the path (either in their
mind or on the board) using basically the same schema.

In this instance the basic parameters of the acd!on;
sequence change very little. Much le;s var;ahility;wohld

be expecsed than in conditions in which the chute is

moved to opposite ends of the bosrd (a8 in the more

random sequencegof conditions in several of the
présvntatfon orders)‘such that the parameters of the
a(tién sequence vary greatly. This interaction has less
L I : .

tojdo with a knowledge of the rules than it does with the
pérceptually-loaded and response-loaded factors of thé

d .
per formance glthough, when a-knowiedgé,of the,rules is
not used, such factors can be expected to have a larger

effect. On the other hand, as subjects gain greater

skill in the task such task factors can be expected to

-proauce more robust effects. As noged earlier, the
movement‘Vatterns. pr action sequences of the novice are
at first characterized by great variability. As skill is
gained, performance becomes increasingly more c?nsistent
and stable such that on repéated trials the basic pattern
remains essentially the same (Glencross 1980). Thus, on
trials ima which there is little variability in the
position of the chute, performance should become more
stable. In fact, in these ins;ances-where the position
of the chute changed substantially, greater variability

in performaqu‘rqg not only expected but found.




Task Factors Affecting Subjects’' Hitting Performance

The opportunity to practice accuracy on similar

targets is also a factor in the performsance of subjects
- .
in the hitting tasky. It becomes particularly important

to the younger children in the flgst few trials. Thus,
. A\ ' . : .
wvhen targets in close vicinity to each other are .

L]

presented consecutively, asparticular pattern of response
' .

can be practiced (although the first target will always
L]

tend to be performed somewhat more poorly bhecause of its

novel nature). When a target in a dramatically difterent

position (is presented, the has{c pattern heing practiced
s

P .
is no longer appropriate and a whole new schema must be

developed. This effect is very pronounced when either

-~

\ ‘
easier targets or hard targets are grouped,
& .

’ . PS

Knbulgﬂxeefﬁiﬁormance Categories

Knowledge categories for earh,experimenp_u;re
constructed on the same basis, that is, category
boundaries were ;ﬁtablished at the 33.33 and 66.67
percentiles of the error score for each experiment. In
the predicti®n task, this resulted in a dirth of youngeﬁ
children (5 and 7 year olds) in\}he high knowledge groups
and, conversely, few older children (9 and 11 year olds)
in the low catégz;y. While this distribution precludes a
full test of thikproposition that knowledge underlylng
the performance of skillful prediction is necessary for'

the skillful performance of the hitting task (experiment
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3), it does emphasize the strong influence of the
developmental age of the subjects on the task throughout

' )
- the investigation,

Target Hitting Knowledge (Procedural Knowledge)
. ¢

Subjects”vqny obviously were much more skil]fulkim

pitting the laaﬁet directly than in héving to bank the
ﬁall.off the gide wall to hit the t;rget éas calculated
from tables 3 and-8, 72%, 83%, 100% and 100% of the 5,7,9
and 11 year olds respecti;e]y were classified as high
knowledge by‘the tenth trial in the direct task as
compared with 11%;9332, 722 and, 612 of 5,7,9 and 11 yeg;
olds in the indirect task). Further, the distribution of
subjeéects across knowledge categories between the firsxi
and tenth trial shows very clearly the interaction
between the comp]exity‘of the task acrbss experiments one
and three and the amount and type of learning going on.
In the first few trials subjects wére mainly concerned
with orienting the chute to the vicinaty of the target as
reflected by their fluctuation back and forth between
kndwledge categori:s. Once a ball park position was f/
attained, subjects were able to close-in on the targets
through successive refinemgnts in the position of the
chute. Such adjustments should progressively y;Ve
subjects towards the higher knowledge categories. This

pattern is evident in experiment 1. A greater number of’

young children spent more time (i.e., number of trials)

Y
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in the orienting phase but, even S§ most were eventuyally
able to enter the refinement phase in hitting the target.

\
In experiment 3, a suhstantia]gy greater number of

fubjects (particuarly younger subjects) spent™a preater

o 1

proportion of time in the orienting phasc, some not even

“l‘}u .

reac¥ing the latter phase. As suggested earlier, this

iq&tial stage of the task is characterized by -
{

d;ta—driven search for .the appropriatv target . oy
Thosé subjects who were able to quickly zero-in unfthe
general area were driven by prior conceptual knowledpe
of the appropriate direction in which td move the chute.
The veracity of this knowledge was then confirmed by the

path of the bhall when released.

»

\

Phenqmenological investigations of task learning in
children suggesf initial data-driven intecractions with
the eaggronment provide children with information about
the task (karmiloff—Smith and Inhelder, 1979). For the
youngest children, tBjs search for information was very
general. They neceded to learn some of the very basic
parameters controlling the task such as‘whethér or not
the ball would roll in a straight line. As sﬁégested by
Chase and Chi (1981), the novice, in this case the young
child, is controlled by the physical features of the task
and the expert by conceptual ideas. Comments from
several nine year olds in particular suggest they use‘«:d/a

the first few trials to determine in which direction to
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//"~ move the chute, but, they were able to conceptualize the
information and‘*thus generalize it to other targets and
positlons. ‘Through constant repetition, the chifdren
were eventually able to perceive certain consistencies in
the pattern of events (Olson, 1979; De Sessa, 1981; Wall
et.al., 1985). Such}a'process did not o on entire]w
within the context of this investigation. Nine and 11
year olds obviously were familiar with_the fact that
there would be a certain consistent pattern and needed
only the first few tfials to jdentify it. Most 5 year
olds,wure not at the pgint of being ablé td pick it out,
apparently lacking adequate experience with the task.
Those chifdren who did recognize the consistency within
the pattern of events were able to develop a coherent
description of the pattern and use it to predict future
events. In this way, subjectsvdeveloped some sort of
-expectation 3s te the path of the ball upon adjustments
to the chute and used this knowledge to guide their own
actions. Their actions thus became conceptually driven.
Where expectations were not met, a new problem solving .
situation was triggered, i.e., a conflic" situation was
set-up (Siegler, 1983; De Sessa, 1981; Karmiloft-Smith
and Inhelder, 1979) and strategies aimed at resolving the

-

conflict, in this case determining the path of the ball

~

in response to movements of the chute, were again invoked

(Normaqxand Shallice, 1980; Flavell, 1978).
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il Very rarely, particularly within the older age

group, were anticipated results in experiment 1

- .
contradicted. That is;.the pattern of o&pcclod results
was well known to subjects, the appropriate
interpretations were made (i.e., a correct rule structure
was developed) and thus, their ad justments ol the chute
were correct and cnntraﬂ?ction‘cou]d not arise. In fact,
directional decisions for adjustments were made
instantly, Greater consideration was given to the
distance over which the chut‘vas to he moved, The rule
structure underlying the task was in ecffect automatized
and spontaneously used in response to the path of the
ball on the previous trial. The rule, move the chute to
the left if the ball rolled to the right of the target,
move it to the left it the ball rolled to the right,
became a subconscious part ¢f the contoxl‘of the task
(Baars, 1983). Solutions tdgahe task i.c.4¥the
appfopriafe direction of adjustment, became pért of the
sub jects knowledge network aﬁd were automatically

accessed from the context of the problem (Chase and Chi,

1981).

The older children were able to use that information
as a sub-routine in the more difficult aiming task of

r . .
expeergnt 3. Such a knowledge sequence or module may he

an example of De Sessa's (1981) notion of distributed

encoding. The rule and its multiple applications were
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better recognized by the older children who were ublé to
transfer it to the new context of experiment 3 (De Sessa
1981 ; Ch;, Feltovich and Glaser, 1981). They were ablg
. 't
to ustpthis prior kno@ledge to quickly'orient the chut"e”1
to the target and move on to the refinement phase of_the
task. This second phase, while still dependent- on moving
the chute in the‘appropri;te dirdction, has a very strong
perceptual component to it. Subjecfs must become attuned

to the appropriate distance over which to move the chute.

Results of the present ‘investigation suggest 11 year olds

: . . E -
may be more accurate in this regard over the vear olds

o

(at least in experiment 3). It is evident, however, that

the initial orienting phase is a pre-requisite to this

]
refinement phase in the control of action.

o

Prediction Knowledge (Declarative Knowledge)

Children as young as 3 or 4 years of -age bring to a
task certain theories or preconceived ideas about its
wbrkings kKarmiloff—Smith aﬁd Inhelder, 1981). The fact
that 5 year olds in the present inveﬁtigation
differentially predicted the path of the ball at
different positions of the chute, and did so iA a fairly
consistent manner, suggests'they were making their.
p;edictigns based on some sort of pajtern of
expectations. As noted in the discussion of their

strategies, their perception of the behavior of the ball

and the constraints imposed on the ball by the nature of
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the task, often had little to do with the reality of the
situation., The fact that no feedback was given in the
task meant that they persisted in their ideas. ‘

For the older subjects initia) category predictions
were based on a prior knowledge of the &ffect of‘m;ving
the chute in different directions, although Lh; precision
of the prediction (i.e., its metric accuracy) may well
have been a function of perceptually tracing. the path uf'
thé‘ball. As noted earlier, the perceptual information
was at times given a higher priority in the prediction
than a conceptual knowledge of the underlying rule
pattern and errors sometimes rgsulted. This created

little conflict for subjects, pperhaps due to the lack of

feedback abeut the accuracy of their predictions.

Relationship Between Knowledge and Performance

- .

Is there a relationship between performance on the

prediction task of experiment 2’and skill in hitting the

L)
H

target in experiment 3?7 Jf such a relationship exists,

i's it age dependent?

Based on the assumption that knowledge from the
prediction task is necessary for performance in the
hitting task, the basic proposition underlying the cross

tabulation procedure suggests subjects sliould not be

categorizéd any higher in experiment 3 than they were in
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oxperiﬁen[ 2. Two caveats must be added to this

propositioﬁ. First, subjécts made the initial adjusémcnt “u
to the chute (in experimeht 3) virtually blind. The
chute was always positionedito the right of the board
prior to the first move and no reference poiﬁté were
available on which to base movement distances. Further,
the angle of the chute was altered for each targef in
ordef’to lessen the carry over of information hetween
targets (except knowledge of the underlying rule
structure). Performance on trial 1, may fherefore be
quite independent of any knowledge from experiment.3.
Secondly, becaLse subjects received feedback on;their
actions, it might be expected that some degree of
Iearning would take plaée over trials. TIn this case,

)

subjects would progress to high knowledge categories,

particularly over the last few trials.

Results of the /P measure suggest a relationship
between the two kgowfedge variables was 'present really
only for 11 year olds. Based on the convergent evidence
of the subject by subject analysis however, it may be
suggested that the relationship is stronger than VP
indicates., \/P does not consider individual movement
across categories. When this is considered, th;se

o~

L . ‘ O
individuals categorized as low in experiment 2 tended’to

-—

perform in a very random fashioh over trials in

experimentt3 as clearly documented in Tables 21 and 22.
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Five year olds were basically categourized as low and
remained so through out experiment 5. Fleven year olds
were-maiﬁly categorized aQ”medium or high.end did show
progressive movement towarés the high knou;edgo category
in experiment 3. As noted by Wilkinson (1984\ among
others (e.g., Piaget, 1972; Siegler, 1983; Flaqul.
1978), periods of knowledge acquisition tend to be
characterized by an instability of performance. Scven
and nine year olds may be considered to be in a period of
knowledge transition in which they are slowly acquiring
ahd refining more powerful strategies. As such, their
performance is characteri}ed by some instability ( as
compared to that of 5 and 11 year olds). This is
reflected in the P meASUTv. Providing 5 year olds with
training in the prediction task may have increased their
specific knowledge and provided a better test of ti -
prediction; howe§ér;'éuch proceaures will have t«¢

further investigation. In the present investigat:

knowledge and age were closely tied.

N . i ,

' -’

The Effects of Performance on Knowledge

Does performance of the hitting task in which the

\
underlying rule structure is a crucial element to
\ N

"successful performance, enhance the accuracy of

.predicting the path of the ball? That is, is procedural

-

knowledge of the task a pre-requisite to declarative

knowledge or, is declarative knowledge a pre-requisite to
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>

procedural knowledge? |y many ways this is a s

tauvtological question particulardy in the circumstances™
of this investigation., . Feedback from repeated attempts

'
at hitting the target did refine subjects' prediction
knowledge; however, it is this knowledge which proVide§
the basis on which subsequent trials are made. As noted
by Glaser (1985), "knowlbdgebfosters process, and process
generates krowledge (p. 574)".

The greater subjects' success in hitting the*target
(with no contradictions) the greater their confidence in
their knowledge. The more confidence subjects have in
their knowledge (or theorieSB the more persistent they
become 1in itzand'makv predictions based on it. Wall et.
al., (1985) discuss the development of this sort of
contidence under the category of affective knowledge.
Thus procedural knowledge allows ghbjects to confirm
their déclarative knowledge (or modify it in the evenf of
contradictions). It also allows them to observe
consistencies in events and quify_subsequent procedures
accordingly. Anderson (1982) suggests procedural
knowledge is modified by declarative and metacognitive |
knowledge derived from repeated interactions with the
thsk; Sub jects' p;ocedures were continually modified and
refined fram feedback of .repeated trials.'ﬂThe older

children were perhaps much more concerned with minor

changes in the position of the chute than were the
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younger children but, cach was act ively involved in

]
monitoring and analyzing the effects of each action
sequence in an attempt to completq the task. [n the case
of the older children, it may be suggested
domain-specific declarative and procedural knowledge had
become embedded within the procedures. For them,
declarative and procedural knowledge were tautomeric and
thus inseparable. For the younge:r children, still very
much dag&—drivvn 'notheir approach to the task, each
trial served to add to their decldrative knowledge bhase
which, in turn, was used to refine exist ing procedural

]

knowledge (Anderson, 1982; Wall et al., 1985). ‘F
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CONCLUSTONS AND RECOMMENDATIONS

\

Y CONCLUSIONS

Development, Knowledgéﬂén‘d, Strategies

‘Recent trends in.(he study of skill acquisition and
competence have placed Barticular emphasis on
domn{h—specific knowledge. Mo®t investigations have
focused on differences in performance between the expert

L)
and the novice and between age groups. As noted by

Sternberg (1985), it is not surprising experts have more
domain-specific knowledge in their area of expertise and
further, that this richer knowledge base jncreases

per formance in the area (p.572). How does knowledge
‘affect performance? (Qualitative differences in the'
knowledge base between experts and novices have been
observed (Chi and Koeske, 1983; Chi, Glaser and Reese,
1983; De Sessa, 1981). Such differences have also been
linked to differences in strategy use (Naus and Ornstein,

_1983; Lawler, 1981) and processing efficiency (Allard,

1980; Allard and Starkes, 1981).

Traditionally, level of knowledge has been

associated with age differences. Typically, younger
children have a much more lean knowYedge network

(Siegler, 1983; Brown and De Loache, 1976) which has been

217 .
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linked with performance differcnces (Karmilof{-Smith and
Inhelder, 1983; Siegler, 1976). Again, differences in
strategy use have been identified (l.awler, 1981;

Karmiloff{-Smith agd Inhelder, 1983).

»

\
In sum then, three sources have predominantly been

associated with performance differences: matur;tion, the
development of strategies and, development of knowledge.
Fach of these factors have often been treated ag
independent variables hut such is not the case (Wellman,
1983; lLawson, 1984). The results of the present
investigation point, albeit indirectly, to the
interdependence of all three factors.
~N
The objective of this study was to investigate the

relationship between declarative knowledge and procedyral
knowledge from a developme3£a1 perspective using a simple
aiming task. Four specific questions were asked. The
first three questions dealt  with possible age trends
.related to: a) rule knowledge in the prediction task, b)
the relationship between prediction knouledge (the _
declarative knowledge associated with knowing the rules)
énd hitting performance~~ procedural knowledge associated
with instantiation of the rules) and, c) the accuracy of
the predictions. 1In all three cases, age trends were |

clearly apparent both quantitatively and qualitatively.

With age, subjects reduced their error scores more
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rapidly and displayed smaller absolute error scores.
Whether such changes were linked to knowledge differences
or develophenta) differences can not be answered in this
-1nvesti;ati9n. A lack of younger subjects in the high
knowledyge category and older sub jects in the 1ow,
knowledge groups resulted in the two factors being
confounded. It should be anoted however, sub jects were
drawn randomly from three typical school populations. It
may be suggested that, in general, young females do not
'havg' the domain specific knowledge necessary for the
task. The prevalence of the basic principles of the task_
as a part of common everyday tasks, meant most of the
older subjects 'had' the rules without (necessarily) the
benefit of formal instruction. With'!pecific training it
is possible 5 year olds could be téught the rules of the
task. With svch knowledge,®would the 5 yéar olds move
past the initial ;:ientation phase of the task into the

refinement stage as did the high knowledge 11 year olds?

The younger children seemed to be less affected by
/task variables as the task became more complex. In
general, those individuals who tend to display skill in a
task have a grasp of the underlying principles or
knowledge structure of the task.; Associated with that
declarative knowledge is a store of procedural knowledge
whi allows the individual to flexibly recognize and

)

apply various procedures. It may be suggested that as
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. .
long as the underlying structure of the task is evident
to the individual, he or she will be succesful. As
conditions of the task become more complex, even thpugh
thg inherent structure of the task may not change,
performance will increasingly diminish., Thus, all .
subjects were able to skillfully perforﬁ the simple task
in éxperiment 1. The younger subjects ({ypichly low
knowledge) were megatively affected by all conditions of
the more complex aiming task of the remain::g
experiments. The older suhjectsl(typicafly high
knowledge) were affected by only the more difficult
conditions of the indirect aiming task. , Again, however,
the same ropfounding argument can be applied. l; this
effect related to deyeiopmenéal factors or knowledge
factors?

Finallf, the strategies used by sub}ects seemed to
be closely tied tor(ﬁe level of knowledge and necessarily
(at least in this study) to developmental status. For.
the young low knowledge subjects, strale;ies were based
on repeated data-driven interactions with the
environment. For the older high knowledge subjects,
strategies were based on pre—determi;ed action  sequences

based on a concptual rule structure and subsequent

data-driven adjustmentgs.
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., The Control of Action

Tw;\leve]s ot control can be identified. In the
"first .level subjects were attempting te orient the chute
to the target. In other words, they were attémpting to
xdiscoVe; the direction in which the chute had to be moved

i

to align it to the target. In the second level, subjects
v 0

rapidly acheived the general orientation and turned to

focus on refining the position of the chute to hit the

!
target.

»e

It can be suggeshed that the first level of control
depends heavily on thé declarative knowledge of the
?ﬁdividuail‘ Those who(undefst&od the rules associated
‘with movemenEs of the chute were able to pass through
“this first level\relatiQely quickly. For those who had
npt yet acquired the necessary knowledge, their action
sgequences were charé;te&gzed by great variability. As

the basic conétraints come to be known and understood, it

is suggested performances may become more consistent and

y

stable such that the appropriaté response can be made
each time and the error reduced. Such refinement in the
skill is indicative of the second level of control.

While séill m§ing the declarative knowledge acquired in
the fi[st.level of control, this level focuses on
perceptual factors associated with determining the degree

of adjustment needed to decrease the error. Subjects

must attain the first level of control before they can

My

“

s
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effectively move to the Sucoﬁd ]evel. This point is
echoed by Newell and Barclay, 1982) whed they write, "
(it) could be that there are different levels of tesponse
generali;ation; a broad class of generalization that
ref)vct$£;ho transference of the act to a range of

\ ,

circumstances and a narrow range of gonoralization'\hat

reflects the transference of details relative to the
precision of ;he movement pattern” (p. 181). Thus, in
response to the1fourth question posed in this
-

investigation 4 is predictive knowledge necessary for the
skillful performance of a tAﬁkﬂ the answer would appear
to'he'yos. g).

As neted by Glencross (1980), associated witﬂ the
development of consistency gs the concurrent devviopment
of the flexibility with which the skill ' can be porformcﬂ.
It is suggested that as ects' repertoire of
procedurél knowledge increases they become increasingly
proficient at making the appropriate udjustmv}ts to the

»
chute in ordar to acheive a hit-no matter the conditions

®

under which the target is presented.

It was noted in the introduction to this
\?ﬁvestigation that intelligent behavior is distinguished
by an understanding of knowledge and the flexible use of
that knowledge. Likewise, skillful action is

distinquished by consistency of performance and the

L]
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flexibility gf that performance undcrlvariab]g
conditions, plying the concepts developed throughout
this investigation, skillful action is thus distinguished
by the development ot task-specific declarative knowledge

and the procedural knowledge which permits its flexible

use.

4 ~

While this investigation focused on a descriptive
analysis of the state of subjects' knowledge, just as
important is the need to investigate how specific prog]em
solving skills are acquired in the context of existing

knowMedge. For.example, converging evidence from a

.number of investigators (c.f. Campione, Brown and Ferrar,

1982; Butterfield and Belmont, 1977) suggest fhat the

central problem of the mentally retarded is not in what
they know or do not know, but rather their ability to use

what they know. The present in%esfjgation provides an
. ) ~ ¥
initial glimpse of some&the potential interactions

' ' f

between maturation, knowledgg and, strategy use in a /

motor task. .

¥ 3

Recommendations

Based on the rqgults of this investigation, the

4

following reccommendations are made:

v .
&* -

A further conceptualization of the knowledge-base
should be done,™ While indeed the present
conceptualization provides a starting point, it
proved difficult to capture-#n the experimental

A



setting., Through out the linvestigation, it bhecame
increasingly evident that a greater differentiation
of knowledge types within the major groupings was
needed. For example, it may be useful to
distinguish between overt and covert procedural _
knowledge, that is, procedurcal knowledge related to
the use of certain strategies and procedural
knowledge related to accessing such strategices.
Further, it was impossihble to isolate just
declarative knowledge, some procedural knowledpge was
always present., From this perspective, classifying
subjects' declarative or procedural knowledge-hase
as high, medium or low can not be a pure
classification and will consequently affect
subsequent - predictions hased on duch .
classifications. Developing a task which more
clearly differentiates knowledge may help ameliorate
the problem or, perhaps a more useful strategy would
be to undertake a developmental investipation using
a particular task and note the chanpeg in
performance over time. )

The present task was ‘¢« fnifl) useful one inasmuch as
its inherent rule structgre was simple and yet
allowed a great deal of TYexibility i'n changing
certain aspects of the taskh.,, For example,
rotatiogal movements of the chute could have heen
used (as weTl as the lateral ones which were used)
and the other side wall could have been used to
effect a limited generalization. Further, the task
was essentially ecologically valid. These two
criteria should be kept in mind in the development
of future tasks.

A follow up training study with the younger age
groups is recommended in an attempt ta gain equal
representation in all knowledge categories from each
age group. In this way, the factors of age and
knowledge can be separated, ‘

A concise and detailed record of the process of
acquisition of the rules should be made. More
specifically, observational data on the different
and changing strategies used by subjects would
appear essential in interpreting other performance
data from a statistical perspective. None of the
anatysis tachniques used provided a full and
acgurate picture. Infact, two of the more useful
components were descriptive data of strategy use
derived from simple obhservation and the subject by
subject tabulation. Better and more appropriate
technics of analysis need to be developed.

The results of this investigation, combined with

/
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those of the recommended follow up studies, will
provide useful baseline dgta on which to base
further investigations using mentally retarded
youngsters.,

*

The task should be simplified by deleting many of
the task related variables. While interesting and
uscful in terms of annotating boundary conditions to
performance, these factors and their cffect on
performance are peripheral to the main thrust of the
investigation. More specifically, the following
task factors should be limited: target position
(three would be suffjcient and would at the same
time, decrease the number of targets and the number
orders of presentationwhich were used) and condition“
(above, below and hit as opposed to including
variations of thg‘above and below conditions).

2
Computerizing the task will provide a much more
efficient, convenient and reliable instrument, Care
should be taken, however, to assure the similarity
of the tasks, i.e., that direct manipultion of the
chutg to hit the target focuses on the same
principles of action as manipulating a key board or
joy stick in a computerized game (using a graphics
tablet in connection with a computer game may be
‘1nother alternative).
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\
FACULTY OF PHYSICAL EDUCATION THE UNIVERSITY OF ALBERTA

. @ 9 COMONTON ! TANADA

Your daughter has been selected on the basis of her age. to partiCipate in 2
study being done b\Hclary Findlay The task she will be asked to do involves rolling a
Q

small ball down a 15.inch metal shute and htting a target placed at the centre of a

)
piece of plywood It will take approxmmately 45 minutes

The project has been approved by both the Prmcuoj\of Belgravia Elementary

School. Mr McBeath, and the Edmonton Public Schools research liason. Or Blowers

Your permission to allow your daughter to participate 1s requested Please sign

this form and have your daughter return it to her teacner

Thank you for your assistance »

My daughter may partcipate n this project

Signature of parent or gquardan .

Daughter's name
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DEPARTMENT OF PHYSICAL EDUCATION
FACULTY OF PHYSICAL EDUCATION AND RECREATION ‘

Your daughter has been selected on the basis of her age, to participate
in a study being done by Hilary Findlay. The task she will be asked to
do involves rolling a small ball down a 15 inch mectal shute and hitting

a target placed at the centre of a piece of plywood. It will take

approximately 45 minutes. ' .

If you do not wish your daughter to be involved in this project please-

sign this form and have her return it to her teacher. )

I do not wish my daughter to be involved in this project.

[ 4
\

(please print ycur name bere) ' signature
(parent or guardian)

> &
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yundary Scores tor the Classification of Low, Mediam and, High Knowledye,

aterial Task

[P

——

Knowledge Cateporties

xperiment  Task High Medium low
xp.l Frial | 0.00 - 0,74  0.75 -
2 N.00 - M6 0.37 -
3 0.00 - Q.00 .0.00 -
“ho .00 - 0,00 0.00 -
1O .00 - 0,00 0.00 -
L. tategory .00 - 0,74 0.75 -
Motr 0,00 333 5,36 - 7.4
bxp.d  Trial 1 0.00 - 480 - Ag S
: 2 0.00 - 3.85 3.8%- 6 .
3 0.00 - 2.61 2.62 -* .
6 "0.00 - 0.82 0.83 .
10 0.00 -0.00 . A
= M *r “m "’;,»
Exp.4  Category 0.00 -.0.50 1.0% - 1.5% -
Metric 0.00 - 4,13 AR - 13,99
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"Cross Tabulation of Knowledge Categories of Experiment 2 with Experiment 3: Cell

Frequencies for Age 5 (category data) oo
F
-, ' e
']
Experiment 2 . Ewperiment 3
Category Freq. Trial | Trial 2 & Trial 3 Trial 6 Tfial 10
L M H L M. H L M _H L M H L M H
4
Low 8 2 5 1 3 4 1 4 1 3 4 g3 31
Medium . 9 4 2 3 2 5 2 3 4 2 3 6% 0 S 3 1
High 1 0o o0 1 0 0 1 0 0 1 0 0 1 0 0 1
T
Total" 18 6. 7 5 5 9 4 7 S 6 v‘ 7 7 4 B 4 .6
* L S - :
: ol =
\
a
AR 3

’

. _ A A .
Cross Tdbulatien of Knowledge Categor‘;".es of Experiment 2 With Experiment 3: .-
Cell Percentages for Age 5 (category data) '

t - - S

'ff-'liper‘iment 7 “ ,.:. . Exp%gi% 3, 3
- - ’ ®
Category 1  Trial 1 Trial 2 Trial,3 Trial 6 Trial 10
L M'*H L M H L H L M H L M H
Low 67 39 17 11 SO 17) 0 S0 11 6 4 22 0 50 11 6
. Medium 33 17 17 0w28 6 022 0 11 33 .0 0 28 0 &
High "~ 0 0 0 0 0 O .0 O 0.0 O O O © 0 0
Total 100 56 34 11 78 23 0 72 11 17 77 22 0O *18 11 12
b RN .
A 0
¢ 7 ‘
A 4
\‘\ “ . .



Cross Tabulation of Knowledge Categories of Experiment 2 with Experiment 3: Cell
Frequencies for age 7 (category data)

—r | \\5—*
| Y

Experiment 2 Experiment 3

Categori Freq. Trial 1 Trial 2 | Trial 3 Trial 6 Trial 19
L M H L M H L M H L M H L M H

Low 8 2 5 1 3 4 1 4 1 3 4 1 3 31

Med ium 9 4 2 2 5 3 4 2 3 6 5 3 .1

High 1 0 0 1 0 0 1 0O o0 1 0 *0 1 0 0 1

Total + 18 6 7 S S 9 4 7 S 6 7

~
&
(oo}
Y
o

»

L

Cross Tabulation of Knowlnge Categories of Experiment 2 WithgExperiment 3:
Cell Percentages for Age 7 (category data)

Experiment 2 Experiment 3

1]

Category 2 Trial 1 Trial 2 Trial 3 Trial 6 Trial 10
. L M H L M H L- M H L M H L M H

g !

"
v v

Lov Ta4 1l 28 6 17 22 6 22 6 r7-s2 6 17~17 6 2
Medium 50 22 11 17 11 28 11 17 22 11+ 1@ 33 0 28. 17 6
figh 6 0 0 6 0 0 6 0 0“6, .00 6 0 0 ¢

Total 100 33 39 28 28 50 6 39 26733, 39 9 2 4 22 B3

L -,

¢ o e
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Cross Tabulation of Knowledge Categories of Experiment 2 with Experiment 3: Cell
Frequencies for Age 9 (category data) ‘ ‘ .

Experiment 2 Exﬁeriment 3 '
Category Freq. Trial | "Trial 2 Trial 3 Tri%r 6 Trial 10

L M H L M H L M H L M H L M H
- -~ -
Low 2.% T 1 01 o0 0 2 o0 1 1 1 0 1
Medium 3 0 "3 O 0o 2 1 0o 2 1 0 1 2 0 0 3
High] 13- 3 5 5 1 6 6 1 7 5 2 5.6, 1 13- 9

6 2 8 8 1 9 B8 2 17 9 2 3 13 -

Total 18 39

Cross Tabulation of Knowledge.Categories of Experiment 2 With Experiment 3:

Cell Percentages for Age 9 (category data):
/

"
Experiment 2 Experiment 3 \
A .
Category 2 Trial 1 Trial 2 {rial 3 Trial 6 Trial 10
L M H L M H "LV M H L M H L M H
Low 11 0O 6 6 6 0O 6 0 022 0 6 6 6 0 6
Medium 17 0 17 0 0 22 11 0 22 6 0 6 11 © 0 17
High 721728 28/ 6 33 33 6 39 28 11 28 33 6 .17 SO

Total 100 17 50 33 11 L 6 S0 44 11 39 S0 '11 17 72




Cross Tabulation of Knowledgé Categories of E

Frequencies for Age Il (category data)
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Experiment 2

Experiment 3

Trial 3

Trial 6

Category Freq. Trial | Trial 2 Trial 10
L M H L M H L M H. L M H L M H
Low 2.0 1 0 0 0 1 1 0o 1 1'1 0o 1 1 o
Medium 7 & 1 2 2 3 2 32 2 1 1 s 0 3 &
High 9 1 1 7 1.0 8 0 s 4. 0 3 6 0 2 7
Total 18 S 3 10 «3 4 11 & 7 7 2 5 11 1 6 11
1
YA

Cross Tabulation of Knowledge Categories of.

Cell Percentages for Age 11 (category data)

Experiment 2 With Experiment 3:

‘Experiment 2 , Experiment 3 . ’
Category 2 Trial Trial 9 vip‘Trial 3 Trial 6 Trial '10
g L M H L P;di’{ L M H L M H L M i
VA
¥
Low 11 0 6 6 0 6 6 6 0 6 6 6 0 6 6 O
Medium 39 22 6 11 11 17 11 17 11 11 6 6 28 0 17 22
High 50 6 6 39 6 0 44 U/’ZB 22 0 17 33 e .11 39
Total 100 28 17 s6 17 22 61. % 559 39 11 28 61 6 33 "6}
.

(o

xperiment 2 with Experiment 3: Cell

3



253

. Cross Tabulation of Knowledge Categories of Experiment 2 with Experiment 3: Cell
Frequencies for age 5 (metric data)

Experiment,..

Experiment 3

L. ﬁ%ﬁ&
Y n

Cétegoqy Freq. . Trial 1 Trial 2 Trial 3 "Trial 6 Trial 10

L M H L M H L M H L M H L M H
Low 10 5 3 2 2; & 0 7 1 2 6 &4 0 6 2 2
Med ium 8 5 3 0 0O 0 6 1 1 8 O 0 8 0 0
High 0 92 0 0-0 0 0 0 0 O O O O ©O0 0 0
-Total 10 10 6 2 4 4 0 13 2 3 & & 0 & 2 .2
) “
v s

—-

‘-

Cross Tabulatio

n of Knowledge Categori
Cell Pcrcentgges for Age 5 qmetric dat

es of Experiment 2 W};h Experiment 3:

a)

Experiment 2

Experiment 3

Gategory 2 Trial 1 Trial 2 Trial 3 Trial 6  Trial 10
5 LM H L M H L M H L H L M H
Low 5628 17 0 33°22 0 39 6 11 33 2 O 3B i1 11
Medium 44 28 17 O 4 0 0 36 6 & 4 0 O 4 0 0
High 6 0 0 o ©6 0 O 0 O 0 O 0 0 o0 0
Total ~ 100 56 33 11 78 22 0 72 11 17 78 22 O 78 11 11
®
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Cross Tabulation of Knowledge Categories of Experiment 2 with Experiment 3: Cell

Frequencies for Age 7 (metric data) .
) Experiment 2 : Experiment 3
‘ 7 , : Coy :
Category Freq. Trial 1 Trial 2 Trial 3 Trial 6 Trial 10

L M H L M H L M H L M H L M H

Low 12 4 6 2 5 5 2 72 3 6 3 3 5 2,5
Medium 5 2 1 2 0 4 1 0 3 2 1 4 O 3 2 ]
High 1 0 0 1 0 0 1 0 0 1 0 0 1 0O 0 1
Total 18 6 7 5 5 9 4 7 5 6 7 7 4 8 46 6

Cross Tabulation of Knowledge Categories of Experiment 2 With Experiment 3:

Cell Percentages for Age 7 (metric data) 5
Ekperiment 2 ‘ Experiment 3
Category Z -  Trial l Trial 2 Trial 3 Trial 6 Trial lg
L M H L M H L M H L M H L M

Low 67 22 33 11 28 28 11 39 11 17 33 17 17 28 11 28
Medium 28 11 6 11 0 17 11 o0
High 6 0 0 6 0 0 0 6
Total 100 . 33 39 28 28 W22 03




Cross Tabufation of Knowledge Categories of Fxperiment 2 with Experiment 3: Cell
Frequencies for Age 9 (metric data

Experiment 2 o Experiment 3

Category Freq. Trial | Trial 2 Trial 3 Trial 6 Trial 10
L M H L M H L M H.L M H L M H

Low 1 0 © 1 0 0 1 0 "0 1 0O O 1 0 0 .l
Medium 7 1 4 1 3 3 0} 2 5 \ 2 4 1 1 )
High 10 2 5 3 1 S 4 1 7 2 1 5 4 | 2 7

Total 18 3 9 6 2 8 8 1 9 6 2 71 9 2 313

g 3

o

Cro§s Tabulation of Knowledge Categories of Experiment 2 With Experiment 3:

Cell Percentages for Age 9. (metric data)
Experiment 2 : Experiment 3
Category 2 THial | ials 2 Trial 3 Trial 6 . Trial 10
L M H. B H L M H L M H' L "M H
low 6 0°0 & 0.0 6 0 0 5 0 0 & 0 K
Medium 39 6 22 11 6,17 17 0 11 28 6 11 22 _6.
High 56 11-28 17. 688 .22 6 39 11 6 28 .22 "6
. . A ”%} . "._ . , i
Total 100 °17 .50 33 .4l 44 44 6 SO 33% 11 39 SO .11
S i S R o L
R ) L "-’6;"!‘ ., .-«} . -
N '.‘l‘a .
" ot ¢ ~
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~ Cross Tabulation of Knowledge Categories o
Frequencies for Age 11 (metric data)
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f Experiment 2 with Experiment 3: Cell

. Experiment 2 Experiment 3
Category Freq. Trial 1 Trial 2 Trial 3 Trial 0 Trial 10
L M H L M H L M H L M H L. M H
Low 0 O 0 O 0O 0 O 006 O 0O O O O 0 O
Medium 6 3 2 1 2 3 1 4 1 1 2 2 2 1 3 2
High 12 2 1 9 1 110 0 626 0 3 9 0 3 9
Total 18 5 3 10 3 4 11 4 7 7 2 5 11 1 6 11

o

Cross Tabulation of'Knowledge Categories o
Cell Percentages for Age 11 (metric data)

b4

f Experiment 2 With Experiment 3:

Experiment 2 Experiment 3
Category % Trial 1 Trial 2 Trial 3 - Trial 6 Trial 10
L M H L M H L M H L M KB L M H
Low ©o 0 0 0 0 0O 0 o0 0 0 0°QG O 0 O
- Medium 33 17 11 6 11 17 6 22 6 6 qu 11 11 6 17 11
High 67 11 6 50 6 6 56 0 33 133 01 50 0 17 S0
Total 100 17 56 17 22 6 33 6l

28 22 6l

39 39 11 28 6l




