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Abstract

This investigation sought to examine cxpert-novice differences in metacognitive
knowledge about action and metacognitive skill functioning, as they relate to the
performance of the basketball foul shot. Twenty-four female undergraduate students
served as subjects in this investigation. Twelve of the 24 subjects were classificd as
basketball experts (Group onc) and 12 as basketball novices (Group two), Classificaiion as
either an expert or novice was dependent upon the total number of scasons having played
competitive basketball. Both groups of subjects performed three tasks, each designed 1o
assess a different aspect of their metacognitive functioning. Task one sought to identify
group differences in the declarative component of metacognitive knowledge about action
through the collection and comparison of instructional verbal protocols. Task two sought
w identify both between group differences and the within group relationship between
onc’s actions and the corresponding verbal description of those actions through the
collection and comparison of verbal and visual protocols. It was belicved that such a
comparison would serve to identify group differences in the procedural component of
metacognitive knowledge about action. Finally, Task three sought to identify group
differences in metacognitive skill functioning as determined through cach subject’s ability
to monitor her performance, predict performance outcomes, and explain the predictions
made.

When combined, the results obtained at these three tasks suggested that, specific o

performance of the basketball foul shot, the level of metacognitive knowledge about



vii
action and metacognitive skill possessed by the subjects within this investigation was a
function of their leve! of cxpertise. The ‘expert’ subjects within Group onc were seen to
provide complete and accurate instruction in the proper exccution of a basketball fou)
shot. Their ability to accurately describe the actions produced at Task two indicated that
they possessed higher levels of the procedural component of metacognitive knowledge
about action when compared to Group two subjects. Group onc subjects were seen to
make significantly more foul shots than Group two subjects at Task three and were also
significantly better than Group two subjects with respect to their ability to monitor and
successfully predict their performance outcomes. The results obtained at this investi gation
served to highlight the important, yel often overlooked, assaciation between action and

cognition.
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CHAPTER1
INTRODUCTION

A number of investigators have attempted to develop frameworks for describing
knowledge structures and their influence on periormance (Anderson, 1976, 1982, 1953:
Chi, 1978; Chi & Rees, 1983; Mitchell & Chi, 1986). The first such framework, developed
by Anderson (1976), proposed two types of knowledge; procedural and declarative. The
main distinction between these two forms of knowledge was said 1o be one of content.
Declarative knowledge was said to ecmphasize the storage of facts about the world,
"knowing that", while procedural knowledge was said to be a representation of onc's
ability to perform a skill, "knowing how" (Anderson, 1976; Mitchell & Chi, 1986:
Winograd, 1975). Research within various problem solving domains has demonstrated that
as problem solving skill increases one’s domain knowledge moves from a declarative 10 a
procedural form (e.g., Chi, Feltovich, & Glaser, 1981). Therefore, the manner in which
knowledge is represented in memory is believed 1o influence one’s problem solving ability.
Similarly, McPherson (1993a) maintained that the representation of sport knowledge
influences one’s decision making ability during sport performance.

Wall, McClements, Findlay, Bouffard, and Taylor (1985) presented formal
dcfinitions for both declarative and procedural knowledge when discussed in relation (o
the motor domain. Within this context, declarative knowledge about action was said o
refer to factual information stored in memory which may influence the development and
execution of skilled movement (Wall et al., 1985). Likewise, procedural knowledge aboul

action was said to underlic all aspects of action, including the perceptual, cognitive,
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response initiation, and response exccution phases (Wall et al., 1985). While it has been
suggested that changes in an individual’s knowledge base may result in changes in an
individual's motor performance (e.g., Toward & Kerr, 1994b) there have been few studics
that have attempted to directly illustrate this developmental aspect of the knowledge-
performance relationship. The methodological difficultics involved in dircctly asscssing the
knowledge structure of skilled movers have been implied as contributing to the paucity of
rescarch in this arca (Russell & Salmela, 1992).

Despile the apparent methodological difficulties, three researchers have attempted
to identify how the cognitive and skill execution components of performance combine.
French and Thomas (1987) and McPherson and Thomas (1989) studied the rclationship
between sport knowledge, sport skill, and sport performance in children's basketball and
tennis respectively. They found that game performance was related to both the declarative
and procedural components of knowledge and sport skill. In an investigation designed to
cxamine the changes in cognitive and motor skill performance of beginning tennis players,
across a semeslter of instruction, McPherson and French (1991) noted that the subject’s
cognitive components (i.e., factual knowledge and decision making skills) increased
concurrently with skill improvement when instruction was skill oriented. The results of
these investigations have begun to illustrate the important relationship that exists between
the development of knowledge about action and the performance of motor skills. It is
important that we understand this relationship more fully for the quality of motor
development, as stated by Wall et al., (1985), is largely determined by the knowledge

about action within one’s possession.
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To fully understand the knowledge-performance relationship as it specil ically
relates to the motor domain requires that we consider the contribution made by that
branch of cognition referred to as metacognition. Mctacognition is said to refer w a
person’s knowledge of hisfher own, or others, psychological, social, and physical
behaviour and abilitics (Brown, 1978; Newcll & Barclay, 1982). Metacognition may be
cxamined from two perspectives: metacognilive knowledge and metacognitive skills (Wall
ct al., 1985). Specific to its application within the motor domain, metacognitive
knowledge about action has been defined as "knowing about knowing how to move”
(Wall et al., 1985, p. 31). It is said to refer to a person's awareness of both procedural and
declarative knowledge about action, representing a conscious awareness of the facts and
skills within one’s possession. Metacognitive skill, on the other hand, refers to the
operationalization of this metacognitive knowledge about action,

Research conducted by Toward and Kerr (1994a) has suggested that skilled
individuals may possess more metacognitive knowledge than their less skilled
counterparts. In fact, “Wall has argued that the individual’s level of metacognitive
knowledge is a major discriminating factor among performers of differing skill level and
expertise” (Russell & Salmela, 1992, p. 10). However, despite it’s suggested relationship
to skilled performance and it’s apparent superordinate relationship to both declarative and
procedural knowledge, the exact nature of the relationship between metacognitive
knowledge, metacognitive skill, and performance has yet to be demonstrated empirically
within the domain of sport. It was the purpose of this investigation to begin to address this

apparent oversight in the research literature.
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A knowledge-based approach to studying skilled performance was adopted for this
investigation. This approach to studying learning and performance proposes that experts
differ from novices with respect to the functioning of their cognitive abilitics. Within this
approach the sport expert is seen as someone who not only possesses superior motor skills
and abilitics but also possesses more task specific knowledge and is better able to use that
knowledge to assist in moving (Toward & Kerr, 1994a). Thomas, French, and Humphrics
(1986) have emphasized that understanding the specific sport knowledge base is essential
to the study of skilled sport behaviour.
Objectives
The primary objective of this investigation was to examine expert-novice
differences in metacognitive functioning. Specifi:ally, this study sought to examine expert-
novice differences in metacognitive knowledge about action and metacognitive skill
functioning, as they both relate to the performance of the basketball foul shot. This was
accomplished through the collection and comparison of verbal protocols, visual protocols,
and actual skill performance data.
Hypothesis
The research hypothesis tested within this investigation was stated as follows:
The level of metacognitive knowledge about action and
metacognitive skill possessed by an individual is a function
of the level of expertise, relative to the performance of that
action, of that individual.
To thoroughly test this hypothesis several experimental techniques were utilized.

Verbal protocols were collected and compared in an attempt to investigate expert-novice

differences in the declarative component of metacognitive about action and metacognitive
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skill. Verbal protocols were also collected and compared to visual protocols in an attempt
to identify the within group relationship between one’s actions and the comresponding
verbal description of those actions, believed representative of the procedural component
of metacognitive knowledge about action.
Educational Implications

As suggested by Russell and Salmela (1992), rescarch that examines the nature of
the sport performer’s metacognitive knowledge base and repertoire of metacognitive
skills, as well as aspects of both that serve to differentiate athletes of varying skill levels,
may provide valuable information to both the researcher and practitioner. At a praciical
level, any identified differences in metacognitive functioning between individuals of
varying skill levels creates the potential for application to the issues of movementskill
training and educating encountered by coaches, athletes, teachers, and students.
Identification of the expert’s possible metacognitive advantage in sport may assist in the
development of possible teaching or coaching interventions that would serve 1o assist skill
acquisition and performance.
Definition of terms

The following terms were operationally defined within the context of this study.
Declarative Knowledge about Action:

Factual information stored in memory that may influence the development and

execution of skilled action (Wall et al., 1985).
Declarative Component of Metacognitive Knowledge about Action:

A reportable conscious awareness of the factual information stored in memory that
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may influcnce the development and execution of skilled action.

Expertise:
Representative of both the range of skill and levels of knowledge that exist
between and include the extremes of expert and novice (Blais, 1989).

Expert:
Thosce individuals, within this investigation, found to have significantly greater
levels of experience as determined through analysis of the number of years having
plhycd competitive basketball,

Metacognitive Knowledge about Action:
A reportable conscious awareness about the cognitive aspects of moving
consisting substantively of propositionally based declarative knowledge about
action and performance oriented procedural knowledge about action.

Mctacognitive Skill:
The dynamic process of translating melacognitive knowledge about action into
action using such higher level executive strategies as predicting, checking,
monitoring, reality testing, coordinating, and controlling.

Novice:
Those individuals, within this investigation, found to have significantly lower levels
of experience as determined through analysis of the number of years having played
competitive basketball,

Procedural Knowledge about Action:

Underlies all aspects of the execution of skilled action including perception,
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stimulus identification, cognition, response initiation, response execution. and the
cvaluation of feedback (Wall, 1986; Wall, et al., 1985).

Procedural Component of Metacognitive Knowledge about Action:
A reportable conscious awareness of those aspects that underlic the execution of
skilled action including perception, stimulus identification, cognition, response
initiation, responsc execution, and feedback evaluation.

Verbal Protocols:
Those verbalizations that were recorded and ultimately transcribed and belicved
reflective of the knowledge possessed by cach subject, as well as the ongoing
mental processing aclivity that occurred within each subject, during the
performance of the three tasks used in this investigation.

Visual Protocols:
Those physical movements and actions that were recorded during the performance
of Task two and believed reflective of the procedural knowledge about action,

specific to foul shot performance, possessed by cach subjecl.
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CHAPTER I
REVIEW OF LITERATURE

The purposc of this chapter was to incorporate both theory and empirical rescarch
from a variety of different domains in an attempt to identify what is currently known about
the relationship between knuwledge, metacognitive knowledge in particular, and skilled
motor performance. Thomas, French, and Humphries (1986) have indicated that if one
wishes 1o examinc skilled sport behaviour an understanding of the specific sport
knowledge base is essential. However, before one may come to understand the spon
knowledge base and its relationship to skilled motor performance one must first
understand how knowledge is represented within memory, how this knowledge devclops,
as well as how this knowledge may best be assessed. In an attempt to address these and
other issues relevant to this investigation this review is divided into three main sections.

The first scction addresses the issue of knowledge representation from an
information processing perspective. This section will review the theory and empirical
research on knowledge representation, indicating how the representations Aiscussed
influence information processing and task performance within the larger domain of verbal
skills.

The second major scction of this review mirrors the first in that similar
representational issues will be addressed. However, the focus within this section will be
on the representation of knowledge about action within the larger domain of sport/motor
skills. Much like the first section, this section will review the theory and empirical

rescarch on knowledge representation, indicating how the representations discussed
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influence information processing and task performance within the larger domain of
sport/motor skills,

The third and final section of this review is an articulation of the problem
investigated as well as a discussion of previously completed pilot work.

REPRESENTATION OF KNOWLEDGE

The last two decades have born witness to an increased interest in the study of skill
acquisition from, what can best be described as, a knowledge-bascd, information-
processing perspective. This rescarch has sought to identify how knowledge is represented
within memory, how this kncwledge is related to skilled performance, and how to best
access and assess this knowledge. The roots of this type of enqguiry can be traced back
the mid- to late sixtics where rescarchers within the ficlds of antificial intelligence and
cognitive psychology were concerned with identifying and replicating human problem
solving abilities (Glaser & Chi, 1988). The carly auempts at creating "intelligent”,
"thinking" programs, capable of conducting limitless scarches using powerful search
heuristics, were largely unsuccessful as they were not yet not capable of approximating
human problem solving abilities (Glaser & Chi, 1988). As demonstrated in the carly work
of deGroot (1965) and Chase and Simon (1973}, humans, rather than attempting (o
execute massive searches through memory, rely more on specialized structures of
knowledge (Glaser & Chi, 1988) when engaged in problem solving aclivitics. However,
the nature of these knowledge structures and their relationship to problem solving
heuristics was not initially well understood.

To aid in the understanding and discussion of knowledge, its development, and its
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application across various domains a representational system had to be adopted. As was
noted by Anderson (1993), a method of notation was needed to represent mental objects if
rescarchers wished o develop a theory in which these objects could undergo
transformations (i.c., knowledge could change). Newell and Simon (1972) belicved that
the organization of human programs, representative of the knowledge utilized by the
information processing systcm when problem solving, closely resembled the production
system organization utilized by antificial intelligence researchers of the day. Like Newell
and Simon (1?72), Andcrson (1983) also belicved that production systems provided the
appropriate computational architecture for achieving a unitary mental system. In fact,
Anderson was onc of the first to develop a theory of memory and learning based on the
production system model (Johnson-Laird, 1988).
Declarative and Procedural Knowledge

Anderson's ACT line of theories; progressing from ACTE (Anderson, 1976), 1o
ACT* (Anderson, 1983), and culminating in ACT-R (Anderson, 1993) were all based on
the production system model and stressed the same fundamental distinction between two
long-term stores of knowledge: a declarative memory and a procedural memory.'
Examined at its most basic level, the main distinction between knowledge represented
within declarative memory and knowledge represented within procedural memory is one
of content. Declarative knowledge has been defined as one's knowledge of facts, 'knowing
that', and procedural knowledge as one's knowledge of how to do something, 'knowing
how' (Anderson, 1976; Millward, 1980).

The most commonly accepted model of declarative memory is an associative
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network model (Mitchell & Chi, 1986). An associative network model consists of nodes
representing concepts, and arcs representing the linkages between concepts (French &
Thomas, 1987; Mitchell & Chi. 1986). The linkages between some nodes may vary in
strength resulting in some concepts being more strongly associated than others. Mitchell
and Chi (1986) stated that an activation process is responsible for the retricval of
information from a network model. The process involves the activation of specific nodes
with the activation spreading to other linked nodes. If the activation threshold is excecded
at a specific node the contents of that node will be recalled. The activation of further
nodes depends on the strength of the association between the activated node and the
nodes with which it is linked. The nodes most strongly associated with the activated node
arc most likely to be activated next.

The structure of procedural memory is generally said to be conceptualized in
terms of a production system consisting of a serics of condition-action rules (Anderson,
1976, 1982, 1983; French & Thomas, 1987; Mitchell & Chi, 1986; Neves & Anderson,
1981; Suppes, Pavel, & Falmagne, 1994). Suppes ct al. (1994) statc that production rules
arc essentially IF-THEN statements in which the IF statement defines a particular
condition while the THEN statement defines a particular action, or set of actions, that is
excculed when the condition is met. The conditions are generally based on the contents of
short-term memory or activated information from long-term memory, while the actions
consist of either actual behaviour or the manipulation of contents within short-term
memory (Mitchell & Chi, 1986) .

So that we may better understand the declarative-procedural distinction, Anderson
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has attempied to operationally define this distinction. The most common operational
definition was said to involve verbalization (Anderson, 1976, 1993). Knowledge that may
be verbally communicated is declarative, while knowledge that must be inferred from one's
performance or behaviour is said to be procedural. An individual is able to verbally
communicate declarative knowledge because he/she is said to have conscious access to
that information. However, an individual is said to have no such access to procedural
knowledge (Mandler, 1989). Rather, procedural knowledge is said to be knowledge that
onc may only display through performance (Anderson, 1993). However, Anderson (1993)
docs statc that the same abstract knowledge can have both procedural and declarative
cmbodiments. By way of illustration, he states that declaratively one may have memorized
the layout of a typewriter keyboard, while procedurally one may know the keyboard as
part of hisfhcr typing skill.

The manncr in which both types of knowledge arc obtained also serves to define
the distinction between declarative and procedural knowledge. Declarative knowledge is
said to be obtained in an all or nothing manner, while procedural knowledge may be only
partially obtained (Anderson, 1976). To elaborate, an individual may not possess only
partial knowledge of a fact, declarative knowledge, unless it is a chain of related facts.
However, an individual may possess only partial knowledge of how to perform an act,
procedural knowledge. With respect to the rate of acquisition of each type of knowledge it
is believed that declarative knowledge may be acquired suddenly while procedural
knowlcdge may only be acquired slowly, over time, as a result of practice or continuous

cxposure through one's daily living experiences (Anderson, 1976).
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While his attempts to operationally define declarati ve-procedural differences have
provided some insight, Anderson.(1993) believed that the only sausfactory way Lo truly
define the declarative-procedural distinction was within the production system {ramework.,
He stated that, "The distinction between declarative and procedural knowledge tums on
the fundamental mode of operation of a production system" (Andcrson, 1993, p. 19).
Productions are said to function by cither reading information from working memory, or
writing information to working memory. The information within working memory is
drclarative knowledge while the information within the productions is procedural
knowledge (Anderson, 1993; Mitcheli & Chi, 1986).

Both declarative and procedural representations of knowledge arc believed to be
requircd because an individual needs different knowledge structures for the flexible use of
knowledge than for the cfficient use of knowledge (Anderson, 1993). Millward (1980)
stated that representing knowledge declaratively means storing it independently of the
initial usc made of it. As a result, declarative representations do not have to anticipate how
a piece of knowledge will be used allowing the system to be more flexible in the type of
deductions it will be able to make. Greater flexibility consequently results in cconomy of
representation, making multiple uses of a single declarative statement (Bobrow, 1975,
Winograd, 1975). Procedural representations of knowledge then allow the system 1o
optimize the application of that declarative knowledge for a specific use (Anderson,
1993). The need for both flexibility and efficiency are believed to motivate the declarative-
procedural distinction (Anderson, 1993). This ‘need’ is perhaps best illustrated when one

examines the process of knowledge acquisition and the role that both declarative and
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procedural representations are purported to play.

It has been theorized that the process of acquiring domain specific knowledge
proceeds from a less sophisticated declarative form 1o a more sophisticated procedural
form consisting of IF-THEN (condition-action) rules (Anderson, 1982; McPherson,
1993a). The processes by which knowledge undergocs this ‘declarative to procedural’
transformation is best illustrated in the three stage model of learning preécmcd by
Anderson (1982). At the first stage, entitled the declarative stage, information is both
received and encoded as a set of facts about how to perform a skill. Anderson (1982) used
the cxample of learning to drive a car to illustrate this process. When first learning to drive
a standard car an individual lcarns exactly what physical actions must be performed to
change gears and to maintain control of the car. When performing the task the individual
must then continuaily access this declaratively represented knowledge. At this first stage
of lcamning the individual is also believed to have access 10 a repertoire of general
interpretive procedures (i.c., general procedural knowledge) which serve to interpret the
new information received allowing for some of the desired skill or action to be generated
(Hughes, 1987). Quile often a beginning driver, although possessing no specific
procedural knowledge for driving a car, as a result of never having done so, may possess a
pool of general procedural knowledge for basic driving mechanics which serves o assist
the individual in developing the skills nceded to drive a car.

At the second of Anderson’s (1982) three stages, the procedural stage, the skill
being learned is now represented by a series of IF-THEN rules in a production system. It

is at this stage that the individual may perform certain actions, such as shifting gears,
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without conscious sclection of the series of actions that need 1o be performed. Anderson
(1982) stated that it is at this point that individuals no longer have access to these specific
procedures cxcept when executing them. Initially, a number of IF-THEN rules are used
when performing a skill. However, as a result of continued practice a single IF-THEN rulce
will develop and become representative of that skill (Anderson, 1982). At this point the
skill has become automatic requiring little conscious attention and time for its execution.

Between the declarative and procedural stages is a process called knowledge
compilation that is responsible for the translation of declarative knowledge into procedural
knowledge (Anderson, 1982). The knowledge compilation process, as described by
Anderson (1982), produces threc phenomena; speed up, dropout of verbal rehearsal, and
climination of piccemeal application. These phenomena are accomplished through the two
subproccsses of composition and proceduralization. Composition is responsible for taking
sequences of productions that follow each other in solving a problem and combining them
to crcate one single production sequence (Anderson, l982i. Thc é:bmpusiu‘on of multiple
steps into one single production sequence produces the speed up effect and also leads to
the unitary rather than piecemeal application of productions. The second process, cnlitled
proceduralization, builds new versions of the productions which no longer requirce the
domain specific declarative knowledge to be entered into working memory, thereby
facilitating the dropout of verbal rchearsal because the essential products of the retrieval
operations are now built right into these new productions (Anderson, 1982, 1990).

Much learning still goes on after a skill has been compiled into a task specific

procedure. One such type of leamning is said to involve an improvement in the method
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chosen for performing the task. Anderson (1982) states that for most tasks there are many
paths of steps which may be used to approach the prob]c:m, and the individual must,
therefore, scarch amongst these paths in an attempt to solve the problem. A fundamental
abservation of much of the expert-novice research is that individuals possessing a high
level of expertise within a particular domain are more judicious in their choice of paths and
may alter the method of search if necded (Anderson, 1982).

Representation, Decision Making, and Task Performance: Verbal Skiils

As implied within the previous sentence, much of the knowledge representation
rescarch has focussed upon identifying representational differences in individuals identified
as being either expert or novice performers within a specific domain. The study of
expertise atiempts, on the most general level, to understand what distinguishes
outstanding individuals in one domain from those less skilled in that same domair
(Ericsson & Smith, 1991). As this relates to the study of knowledge representation the aim
becomes one of trying to understand how the knowledge representations possessed by an
expert within onc domain differ from those of a novice within the same domain, and how
thosc differences may influence performance.

Pattern-Recognition and Recall. Cognitive theory suggests that the mental
representation of problems influences how people perceive proble:ns. It would follow
then, that as experience results in better problem solving, the quality of problem
representation should improve with a concomitant improvement in problem perception
(Schoenfeld & Herrmann, 1982). As problem perception is believed to be an important

component of problem solving performance, the change in problem perception with the
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acquisition of expertise has been subject (o a great deal of rescarch. Recall that at the start
of this section reference was made to the work of deGroot (1965) and Chase and Simon
(1973). The carly work of these authors was amongst the first to explore the concept of
exjertise and attempt to relate expert task performance to cognitive functioning. This
carly line of research into expertise and expert functioning was intcrested in identifying
how one’s perceptual skills related to one’s decision making skills and, ultimately to
performance. Using a perceptually based pattern-recognition and recall paradigm Chasc
and Simon (1973) were able to expand upon deGroot’s (1965) initial findings that chess
masters were able to reconstruct meaningful chess positions after viewing them for only
five seconds. In their study, Chasc and Simon (1973) were able 1o demonstrate that the
amoun. of information cxtracted from a bricfly cxposed chess position varies with the level
of expertise. The supcrior performance of master players was said to derive from their
ability to encode position information into larger perceptual chunks, cach consisting of a
familiar sub-configuration of pieces. It has been suggested that this ability to encode
position information into larger chunks occurs as a result of the master chess player’s
ability to represent the perceived information in an abstract manner within long-term
memory aiding both recall and recognition, and ultimately performance (Adelson, 1984
Charness, 1976) .

The interaction between skill and stimulus information obscrved by Chase and
Simon (1973) has since been demonstrated in a number of other problem solving arcas
(e.g., bridge, Charnest, 1979; computer programming, McKeithen, Reitman, Rueler, &

Hirtle, 1981; genetics problem solving, Hackling & Lawrence, 1988). Chamess (1979)
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found that such tasks as planning the play ol a contract, rapid bidding, incidental leamning,
and the recall of briefly presented bridge hands depended 1o a large extent upon the level
of skill displayed by the players. McKcithen ct al. (1981) obscrved that the classic expert-
novice difference in the short-term recall of visually presented meaningful information
could be replicated in the domain of computer programming. Hackling and Lawrence
(1988) found that cxpert pedigrec problem solvers resembled expert chess players in their
ability to encode meaningful chunks within a larger pattern of data and use these to select
the next move, Together these results suggest that the superior recall of individuals
labelled as expert performers within a specific performance domain is a function of their
experience with the subject matter (Garland & Barry,v 1990). However, with respect to
chess playing, Holding and Reynolds (1982) indicate that move selection continues to
increasc with increased levels of expertise, while after a certain level of expertise recall
performance is not related to move selection. As a result, they have stated that the use of
perceptual paradigms may not be totally effective when attempting to predict chess
players’ sclections in game situations. Ralh.er, it has been suggested that it may be most
logical to examine how one’s search and problem solving strategies arc represented within
one’s knowledge base (McPherson, 1993a).

Knowledge Base. Research in such domains as physics (Chi, Feltovich, & Glaser,
1981; Hardiman, Dufresne, & Mestre, 1989) and mathematics (Schoenfeld & Herrmann,
1982) has indicated that experts tend to focus upon the deep structures of problems (e.g.,
underlying principles and concepts) when deciding whether or not two problems would be

solved in a similar manner. The findings from the research performed within these
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scmantically rich domains suggests that, when attempting to solve a problem, experts
begin by considering what principles apply most appropriately 1o the situation, and then
decide upon a strategy or procedure that will be used to operationalize those principles
(Larkin, McDermott, Simon, & Simon, 1980). Hardiman ct al. (1989) found, when
comparing cxperts and novices on a similarity judgement task, that the experts
predominantly relied upon the problems’ deep structures when deciding upon the
similarity of solution, while the novices relied predominantly upon the surface features.

A number of rescarchers have observed that, when asked to categorize problems
into types according to similarity of solutions, novices tend to rely upon the surface
features of the problem as the primary criterion of similarity (Chi et al., 1981: Hardiman ct
al., 1989; Schoenfeld & Herrmann, 1982). When asked to state the general problem
solving approach they would take 1o solve a problem, novices usually relate detailed
information, rather than more general principles and concepts (Chi et al., 1981),
Therefore, within a variety of domains, the organization of cxpert knowledge appears o
reflect an appropriate ‘decp structure’, while the organization of novice knowledge ofien
reflects a reliance upon ‘surface structure’ (Miller & Stigler, 1991). As noted by Hardiman
ct al. (1989), as problem solving skills develop, the reliance on deep structure 1o
categorizce problems increases. Through the comparison of groups of novices at the same
level of experience who differed with respect to the types of reasoning employed when
making similarity judgements, Hardiman ct al. (1989) were able to demonstratc similaritics
between the problem categorization skills of novices and experts. They found that novices

who made greater use of principles, compared to novices who relied predominantly on
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surface fcatures, tended to categorize problems similarly 1o how expents categorized them,
as well as score high in problem solving. These results support the ciaim made by
Schocnfeld and Herrmann (1982) that problem perceptions change as individuals acquire
greater levels of problem solving expertise.

As individuals acquire greater levels of problem solving expertise, accompanying
changes in knowledge representation have also been noted. Researchers within a variety of
domains have indicated that the acquisition of domain knowledge and problem solving
skill proceeds from a less sophisticated declarative form, to a more sophisticated
procedural form, to an intricate network of declarative knowledge that is manipulated and
transformed by the appropriate procedural knowledge (e.g., problem solving in physics,
Chi, Feltovich, & Glaser, 1981; de Jong & Ferguson-Hessler, 1986; studying physics
texts, Ferguson-Hessler & de Jong, 1990; problem solving in biology, Lavoie, 1993).
Glaser (1984) stated that the possession and utilization of an organized body of
conceptual and procedural knowledge, as well as the possession of accessible and useable
knowledge, differentiates those individuals who display more or less ability in thinking and
problem solving.

The findings from this research on the expert-novice distinction have made
imporiant contributions to basic cognitive theory. Recall that in the early phases of this
rescarch (c.g., Chase & Simon, 1973) it was not known whether domain-independent
skills (i.e., general problem solving skills, overall aptitude) or domain-specific knowledge
and skills (i.c., content or subject matter knowledge) would prove most important in

distinguishing experts and novices. However, work by researchers in the domains of chess,
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bridge, and problem solving failed to confirm any type of “‘general superiority” hypothesis,
instcad finding that experts and novices differed in the quantity and quality of the domain
specific knowledge possessed (Walker, 1987). Walker (1987) contends that this
theoretical position, implying that change from novice to expert status can be achieved by
acquiring identifiable domain-specific knowledge and skills, is far more cncouraging than a
theory that assumes that intcllectual functioning is based solely on aptitude and general
processing skill. In an earlicr, and perhaps stronger, declaration in support of this position
. Glaser (1984) stated the following:

This suggests that improvement in the skills of learning, such as those required on

aptitude and intelligence tests, takes place through the exercise of conceptual and

procedural knowledge in the context of specific knowledge domains. Learning and
rcasoning skills develop not as abstract mechanisms of heuristic scarch and

memory processing. Rather, they develop as the content and concepts of a

knowledge domain are attained in learning situations that constrain this knowledge

to serve certain purposes and goals. (p.99)

Research has shown that domain expertise (i.c., domain specific declarative and
procedural knowledge) can in fact compensate for an overall lack of aptitude by providing |
a ‘domain specific aptitude’ that allows low-aptitude/high-knowledge individuals to
perform in ways similar to their high-aptitude/low-knowledge counterparts. In a study
designed to determine whether domain-specific expertisc could compensate for low
overall aptitude when acquiring domain related information (i.c., a baseball passage),

Walker (1987) found that performance was a function of baseball knowledge rather than
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aptitude level. Schneider, Korkel, and Weinert (1989) also found that domain-specific
knowledge could compensate for low overall aptitude on domain-related cognitive tasks,
They compared the memory performance and text comprehension of groups that were
cquivalent on domain-specific knowledge but differed in overall aptitude and found no
differences between high-aptitude and low-aptitude experts on any of the memory
performance and comprehension measures obtained.

The greater underlying domain specific knowledge possessed by experts, and
illustrated in the above studics, may benefit the expert performer in another way. It has
been suggested that the greater domain specific knowledge possessed by experts may also
manifest itsclf as a form of enhanced sclf-knowledge allowing the expert to, among other
things, better monitor his/her skilled performance (Glaser & Chi, 1988). To do so requires
that the domain specific knowledge be represented in yet another way. While emphasis
within both cognitive theory and research has traditionally been placed upon declarative
and procedural representations of knowledge, it is believed that if we are to understand
how knowledge is developed and applied across various performance domains a third type
of knowledge representation, metacognitive knowledge (i.e., metacognition), must also be
understood (Dillon, 1986).

Metacognitive Knowledge

While frequently described as a fuzzy concept (Wellman, 1983), and often said to
suffer from variability in its use within both theory and research (Yussen, 1985),
metacognition is generally thought of as referring to that body of knowledge that reflects

upon cognition itself (Brown, 1978; Flavell, 1976, 1979; Wellman, 1985; Yussen, 1985).
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That is, it refers to an individuals knowledge about such cognitive processes and states as
memory, attention, knowledge, conjecture, and illusion (Wellman, 1985). To illustrate, 1
am cngaging in metacognitive activity if 1 highlight text as | am reading because 1 realize 1
may have difficulty remembering it; if I arrange my reference material according to content
rather than alphabetically because I know this will make it casicr to retricve information at
a later date; if I ask someonc to proof-read my written work knowing that I may have
missed something. Therefore, metacognition may be thought of as referring to, among
other things, the active monitoring, regulation, and orchestration of one's information
processing activities whilc in the service of some specified objective (Flavell, 1976).
However, metacognitive knowledge is not just limited to one's knowledge of cognitive
processes, rather it is also said to refer to a persons knowledge of his/her own or others
psychological, social, and physical behaviour and abilitics (Newell & Barclay, 1982). Onc
may, therefore, assume that metacognitive knowledge is, to some degree, reflected in al)
that we know and all that we do. In fact, Dillon (1986) has stated that mctacognitive
knowledge, or self-knowledge as she refers to it, pertains to the state of our declarative
knowledge as well as our procedural knowledge.

Flavell (1971) was one of the first to explore the concept of melacognition, his
research focussing upon the development of children's awareness of their own memory
(i.e., metamemory). Since this time the term metacognition has grown to almost
"buzzword” proportions (Gavelek & Raphacl, 1985). Studics have explored the concept
of metacognition in such areas as problem solving (e.g., Berardi-Coletta, Dominowski,

Buyer, & Rellinger, 1995; Swanson, 1990) reading (c.g.. Myers & Paris, 1978; Swanson
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& Trahan, 1992), and memory (c.g., Yussen & Levy, 1975).

The work of John Flavell (1976, 1979) and Ann Brown (1975, 1977, 1978) has
contributed greatly to our current understanding of metacognition. Both authors have
presented complimentary, yet independent, sets of definitions and descriptions about
metacognition that have helped shape and guide much of the empirical rescarch in this
domain (Yussen, 1985). Consequently, their work contributed significantly 10 how the
concept of metacognition was defined and assessed within the present investigation.
Therefore, this section of the review of literature will focus upon the concept of
metacognition as defined and described by both Flavell and Brown.

First, let us examine Flavell's (1979) notion that a distinction exists between
metacognitive knowledge and metacognitive experience. "Metacognitive lénowledgc is
that scgment of your (a child's, an adult's) stored world knowledge that has to do with |
people as cognitive creatures and with their diverse cognitive tasks, goals, actions, and
expericnces” (Flavell, 1979, p. 906). This factual knowledge about memory, as it is
referred to by Wellman (1983), includes knowing that rehearsing an item will enhance
onc's chances of later recalling that item and that more time may need (o be spent reading
malerial that is unfamiliar to oneself if one wishes to gain an understanding of that
material. This factual knowledge may also be personal in that one may come to understand
that he/she has difficulty working within one cognitive domain (i.e., mathematics) yet is
quite adept in another (i.e., scicnce).

In contrast, one may, while engaged in the activities cited above, experience a

relatively spontaneous awareness of his/her state of knowledge. For example, while
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reading material previously encountercd, an individual may react by saying to him/ersell,
"Ok, I've read this before, I know this", and proceed to skim the remaining text until new
material is encountered. Likewise, an individual may encounter an unknown abbreviation
while reading and react by thinking, "Hmm, what docs that stand for?, I don't think I've
scen that before.” These reactions to one's cognitive functioning arc referred to as
metacognitive experiences. As described by Flavell (1979), metacognitive experiences
refer to "any conscious or affective cxperiences that accompany and pertain to any
intellectual enterprise” (p. 906). Yussen (1985) distinguishes between metacognitive
knowledge and experience by stating that metacognitive knowledge consists of declarative
and procedural knowledge used to guide cognitive activity while metacognitive
experiences are the 'on line’ reactions to that activity.

Flavell (1979) next described three categories of metacognitive knowledge
variables believed to influence cognitive functioning. Thesc three categories and examples
of cach include (1) person - knowledge about oncsclf and others as cognitive processors
(c.g., knowing that you perform best when in a relaxing, non stressful environment); (2)
task - knowledge about how the task characteristics influence performance on that task
(e.g., knowing that you perform poorly on tests requiring essay type responses); and (3)
strategy - knowledge about how best to cnhance performance throu_gh the use of specific
strategics (c.g., knowing that presenting material visually as well as verbally may enhance
retention and subsequent recall). Flavell (1979) belicved that most metacognitive
knowledge involved the interactions amongst two or all three of these variable groupings.

This ‘interaction’ is, in fact, considered the fourth metacognitive knowledge variable
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category. An interaction involving the first three categorics is illusuated in the following
example: Mr. Blue (unlike Ms. Red) believes that he should prepare for the essay portion
of the cxam (as contrasted to the multiple choice section) by trying to relate his class notes
to the material in the text book (rather than simply re-reading the class notes).

Brown's contribution, as described by Yussen (1985), to defining the concept of
metacognition has been to fine-tune what we mean by metacognitive knowledge. Brown
(1978) and Brown and DeLoache (1978), while discussing the complexity of the
metacognitive abilities demanded of the mature problem solver, indicated that there are six
basic skills of mctacognition that are critical for the functioning of an effective problem
solving system. Brown and DeLoache (1978) stated that;

'The basic skills of metacognition include predicting the consequences of an action
or event, checking the results of one’s own actions I(did it work?), monitoring
one’s ongoing activity (how am I doing?), reality testing (does this make sense?),
and a variety of other behaviors for coordinating and controlling deliberate
attempts to learn to solve problems. (p. 15)

These skills are said to be the basic characteristics of efficient thought, able to be applied
to the whole range of problem solving activities (Brown & DeLoache, 1978). As stated by
Yusscn (1985), these concepts represent some of the major ideas that have structured the
definition of metacognition as a domain of inquiry and, as a result, have greatly influenced
the investigation reported here.

There appears to be considerable support for the representational concept of

metacognition. It has been shown as being conceptually distinct from cognition (Nelson,
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Dunlosky, White, Steinberg, Townes, & Anderson, 1990) as well as positively influencing
problem solving performance (Swanson, 1990). As was demonstrated for both declarative
and procedural rcpresentations‘ of knowledge, expert-novice differcnces have also been
observed with respect to metacognitive knowledge. Chi and Glaser (1985) state that when
atiempting to solve probicms experts arc more aware than novices when they make errors,
why they fail to comprehend, and when they need to check their solutions; illustrating an
enhanced functioning of at least three of the six basic skills of metacognition as outlined by
Brown (1978) and Brown and DeL.oache (1978). The metacognitive knowledge possessed
by experts is also said to be manifested in their being more accurate than novices in
Judging the difficulty of problems to be solved (e.g., Chi. Glaser, & Rees, 1982). While
expert-novice differences have been observed with respect to metacognitive functioning,
this paradigm has not been used as extensively by rescarchers examining metacognition as
it has by researchers exploring declarative and procedural representations of knowledge.
Rather, metacognitive knowledge is often studied using children as subjects, frequently
attempting to identify the developing relation between children’s metacognition and the
rangc of problem solving activities.

In an early investigation of one aspect of metamemorial dcvcl.opmcnt Flavell,
Friedrichs, and Hoyt (1970) found that as children aged their knowledge about their own
short-term span of memory increased. These researchers presented children, aged four to
nine years, with simple sequences of pictures and asked if they would be able to recall the
pictures in each list in order. Children at each age were seen to predict a higher level of

recall than was actually observed. However, the degree of over prediction was seen 1o
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drop with increasing age. In an attcmpt to replicate and extend these results, Yussen and
Levy (1975) attempted to examine the developmental changes in the accuracy in
predicting one’s own recall with preschool, third grade, and coliege subjects. Subjects
were asked to predict their span of memory for picture names and then given a recall task
lo assess their actual span of memory. Prediction accuracy was seen to increase from the
preschool to the college years, supporting the earlier work of Flavell et al. (1970).
However, the adults (i.c., college students) were scen to be negatively affected by the
presentation of ‘false’ norm information suggesting that even they have uncertainty about
their exact recall capabilities (Yussen & Levy, 1975).

One may safely assume that lacking such metamemorial abilities as being able 1o
predict one’s short-term memory span and recall may negatively impact upon one’s ability
to function well in problem solving situations, or any other cognitively demanding tasks
for that matter. Remembering a series of pictures or words, solving problems, or
comprchending written prose are deliberate actions that require an individual to be
knowledgeable of the plans and cognitive skills, of which recall is one, within his/her
possession as well as being able to select and apply them appropriately to the problem at
hand. Whilc adults and older children have been shown to be sensitive to such
metacognitive variables, children younger than eight years of age are said to be less
sensitive (Myers & Paris, 1978). Myers and Paris (1978) L>lieve that since the
devetopment of children’s metacognitive knowledge is associated with efficient learning,
remembering, and communicating, it may proide a link in explaining the transition from a

less sophisticated to a more sophisticated problem solver.
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One domain that has been subject to an increasing amount of empirical rescarch
specific to identifying its relationship to a child’s developing metacognitive knowledge,
awareness, and understanding is that of reading an¢ ~ading comprchension {c.g., Cross &
Paris, 1988; Myers & Paris, 1978; Paris & Myers, 1981). Most studies of children's
knowledge about reading have used interview techniques to assess their metacognitive
abilities (Jacobs & Paris, 1987). Myers and Paris (1978) assessed the metacognitive
awareness of variables that influence reading in 40 eight and 12 year old children through
the analysis of their responses to 18 interview items. The variables selected and assessed
during the interview process were Flavell's (1979) categorics of person, task, and
strategy. While the eight year olds were found to be aware of the influence of some
reading dimensions such as interest, length, and familiarity, they were less sensitive to the
semantic structure of paragraphs, goals of reading, and strategics for resolving
comprehension failures than the 12 year olds. As a result it was suggested that age-related
differences in metacognitive knowledge may be correlated with the acquisition of reading
skills (Myers & Paris, 1978). In a subsequent study, Paris and Myers (1981) compared the
metacognitive abilities of good and poor fourth grade readers. It was found that good
readers knew more about reading strategies, had betier memory for text, and detected
more errors while reading than did their poor reading counterparts.

In a study designed to increase children’s understanding and use of comprehension
strategies , Paris and Jacobs (1984) observed a modest yet significant correlation between
metacognition and various measures of rcading comprehension. Within their study children

were ingtructed about the existence and use of reading strategies in an attempt to stimulate
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greater awareness of declarative, procedural, and conditional knowledge, while at the
same time tcaching children how to evaluate, plan, and regulate their own comprchension
in strategic ways. This experimental curriculum was thus labelled Informed Strategics for
Learning (ISL) (Paris & Jacobs, 1984). As stated previously, significant correlations were
observed between comprehension and reading awareness. Furthermore, children within the
ISL condition gained significantly more from pretest to posttest on measures of reading
awareness and strategic reading than did those students within the control condition.
Hence, by explaining thinking skills that can be used before, during, and after reading,
children can benefit through an increased reading awareness, skill, and comprehension
(Jacobs and Paris, 1987). Cross and Paris (1988) were able to replicate these findings,
again making usc of the ISL when attempting to examine the relationship between
children’s metacognition and reading comprehension, Informed strategies for leamning
served 1o prompt children to connect cognitive strategies with reading goals and helped to
shift responsibility for recruiting and applying strategies from the teacher to the learner
(Cross & Paris, 1988).

While evidence has been provided for the positive influence that metacognition has
on both reading and reading comprehension these are not the only areas believed to benefit
from enhanced metacognitive functioning. Recall that Myers and Paris (1978} also
belicved that metacognitive knowledge may provide a link in explaining the transition from
a less sophisticated to a more sophisticated problem solver. There is, in fact, considerable
cvidence that metacognitive knowledge influences problem solving (e.g., Artzt & Armour-

Thomas, 1992; Flavell, 1976; Swanson, 1990), and that the use of metacognitive
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strategics may be a result of learning ability (¢.g., Swanson, 1990). Some studies have also
suggested that the influence of metacognition is independent of the overall level of
aptitude possessed by the problem solver (c.g., Swanson, 1990).

It was believed that establishing the independence of metacognition from cognition
was important for a number of reasons, the most important of which Swanson (1990)
stated was related to determining whether subjects of relatively low aptitude can
compensate their performance with high levels of metacognition. In an atiempt to
determine the independence of metacognition and general aptitude on various problem-
solving measures Swanson (1990) analysed the think aloud protocols of four groups (high
aptitude/high metacognition, high aptitude/low metacognition, low aptitude/high
metacognition, low aptitude/low mctacognition) of subjects engaged in problem solving
activities. Those individuals classified as high metacognitive individuals were scen to
outperform the lower metacognitive individuals in problem solving regardlcss of the
overall aptitude level possessed by the problem solvers. Therefore, these results indicated
that high metacognitive ability po.éilively influenced problem solving performance. In an
attempt to explain his findings, Swanson (1990) speculated that high metacognitive skills
can compensate for overall ability by providing a certain knowledge about cognition. He
argued that measures of metacognition and general aptitude arc tapping different forms of
knowledge, and that high performance on the problem solving tasks within his
investigation was more closely associated 1o higher performance on the metacognitive
measures than on the aptitude measures. Swanson's results are very similar to those of

Walker (1987) and Schneider et al., (1989) who, you will recall, found that one's level of
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domain specific knowledge, not one’s gencral aptitude, had the greatest influence upon
onc’s protlem solving behaviour. A study performed by Slife, Weiss, and Bell (1985)
provides further support for Swanson’s (1990) argument. In their study, it was found that
high metacognitive students were more likely to correctly monitor right and wrong
answers to mathematics problems than were low metacognitive students (Slife et al.,
1985).

Some investigations of the rclationship between metacognition and problem
solving have implicated metacognition as a possible source of learning disabled children’s
deficient performance on problem solving tasks (e.g., Borkowski, Estrada, Milstead, &
Hale, 1989; Slife et al., 1985; Swanson, 1993). It has been suggested that learning
disabled children suffer high-order processing inefficiencies related to problem solving,
with metacognition possibly representing one such inefficiency. Slife et al, (1985)
demonstrated that learning disabled students, when matched to regular students on the
basis of achievement test scores, IQ scores, and performance scores on 10 math problems,
were less skilled in two forms of metacognition. The learning disabled group was found to
be less accurate in their knowledge about problem solving skills as well as less accurate in
monitoring their problem solving performance (Slife et al., 1985). To compensate for
these suggested higher-order processing inefficiencies, learning disabled children are
belicved to rely on a different set of mental operations than their non-disabled peers.

To test the hypothesis that learning disabled children, when compared to non-
disabled children, rely on different mental processes to arrive at a ssiution during problem

solving becausc of a weakness in metacognitive functioning Swanson (1993) had 63
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children (32 leaming disabled, 17 gifted, 14 normal achicvers) perform a battery of three
problem solving tests. The three groups of children were compared on their problem
solutions, *think-aloud” protocols during problem solving, and their responses to a
metacognitive questionnaire. While the lcarning disabled children were comparable to the
other ability groups with respect to problem solution, their mctacognitive and *‘think-
aloud” responses were found to be distinct. The interrelationships between problem
solution, “think-aloud” protocols, and measures of metacognition varied among the three
ability groups. The observed correlation coefficients were low for the lcaming disabled
children, modcrate for the normal achievers, and high for the gified children. As a result,
Swanson (1993) concluded that learning disabled children’s probicm solving performance’
reflects a weak intcgration of metacognitive skills with both processing and problem
solution.

Swanson (1993) claimed that the results of his study did not support the notion
that learning disabled children are strategically inactive learners. Rather, he suggested that
the learning disabled children in his study were ‘actively inefficient’ when compared to
their peers. That is to say, the learning disabled children actively developed strategic
thought patterns when solving the problems presented to them, however, they were
developed differently than their peers. The differences were said to be related to their
metacognitive ability to use other strategy subroutines in a flexible manner (Swanson,
1993).

REPRESENTATION OF KNOWLEDGE ABOUT ACTION

As was evidenced in the discussion of the representation of knowledge within the
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first section of this review, an individuals knowledge base can significantly influence one’s
performance in a gn;al number of domains. High levels of domain specific knowledge (i.c.,
declarative and procedural knowledge) have been shown to be related to high Ievels of
task performance. Likewise, an increased awareness of, and instruction in. strategy usage
(i.c., metacognitive knowledge) has been shown to result in enhanced task performance.
To this point in the review these representational advantages have only been discussed
with respect to performance in the semantically rich domains of mathematics, reading,
physics, and chess, to name but a few. Of interest to researchers within the movement
oricnted domain of sport is whether individuals of varying levels of skill, related to task
performance, represent, access, and operationalize their knowledge in ways similar to
individuals within the more purcly cognitive problem solving domains discussed
previously,

Performance within the domain of sport would appear to require similar problem
solving skills to those used in chess and bridge for example. To illustrate, prior to the
execution of an ‘action’ onc may consider the opponents strengths in response to any
possible selections made. Based upon the conditions evaluated, one then decides upon the
appropriate action and atlempts to execute it. As a result, it becomes obvious that a
players representation of the situation (e.g., problem representation and cognitive
strategies) may affect the quality of the action selected as well as the speed of response
(McPherson, 1993a). However, before we may understand how a player represents a

performance situation we must first understand how knowledge about action is

represented within memory. Once we have gained an understanding as to how knowledge
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about action is represented, we may then begin to understand onc's behaviour within the
context of the sporting environment.

Traditional definitions have stated that an individuals acquired knowledge is
representative of the product stored in memory of one’s interactions with the environment
(Neweli & Barclay, 1982). Gains in one’s acquired knowledge are said to occur as a
result of one’s cumulative interactions, or experiences, and development (Wall, 1986).
Newell and Barclay (1982) believed that action, as well as knowledge, could be viewed in
this manner. They suggested that knowledge was acquired about the usefulness of various
actions for meeting diffcrent task demands. The uscfulness of the actions was based upon
whether or not they resulted in the successful completion of the task, or in the failure to
meet the imposcd task demands (Newell & Barclay, 1982). This section of the review is
not specifically concermned with the acquisition of action per s, rather it is concerned with
the types of knowledge one may develop about action. Of specific interest to this section
are the metacognitive aspects of knowledge about action that may develop. However,
before focussing attention on the metacoghnitive aspects of knowledge about action a bricf
overview of the other types of knowledge about action that are said to exist is first
presented.

Declarative and Procedural Knowledge about Action

Wall (1986) and Wall et al. (1985) categorised acquired knowledge about action
into three major types: procedural, declarative, and affective. Much as general procedural
knowledge underlies the performance of skills within a given domain, procedural

knowledge about action is said to underlie all aspects of action including perception,
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stimulus identification, cognition, response initiation, responsc execution, and the
cvaluation of feedback (Wall, 1986; Wall et al., 1985). In fact, Wall et al. (1985) stated
that, “An action sequence may be viewed as the instantiation of procedural knowledge
about action” (p. 29). Declarative knowledge about action, on the other hand, is said to
refer to factual information stored in memory which may influence the development and
exccution of skilled action (Wall ct al., 1985). Affective knowledge, as described by Wall
et al. (1985), refers to the attachment of subjective feelings (e.g., feelings of competence
or failure) to an action by an individual. When viewed in this manner, affective knowledge
about action appcars to be the motoric cquivalent of Flavell’s metacognitive experiences.
Combining Flavell’s (1979) description of metacognitive experiences and Wall et al.’s
(1985) definition of affective knowledge about action one may define metacognitive
expericnees, as they relate to the performance of motor skills, as any conscious or
affective experiences that accompany and pertain to any movement experience.

Metacognitive Knowledge about Action

Newell and Barclay (1982) belicved that onc way to approach the issue of
knowledge about action was to answer the following question: “What can a person know
or comc' to know about histher own actions™ (p. 187)? As previously discussed, this
‘knowing about knowing’ is central to the concept of metacognition. Within Wall’s (1986)
and Wall et al.’s (1985) taxonomy of types of acquired knowledge about action
metacognitive knowledge about action and metacognitive skills were also differentiated.

Metacognitive knowledge about action is said to represent one’s knowing about

knowing how to move (Wall et al., 1985) or, as stated by Newell and Barclay (1982),
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represents an individuals awareness of the association between movement and its
consequences. One may, in fact, think of metacognitive knowledge about action as a
higher type of factual (i.c., declarative) knowledge about action that develops as
individuals become consciously aware of what they can or cannot do in a number of
movement situations. Wall et al. (1985) suggest that metacognitive knowledge about
action refers to an individual’s awareness of their procedural, declarative, and affective
knowledge about action. It has been suggested that this knowledge develops with
expericnce (Thomas & Thomas, 1994). To illustrate this last point, Wall et al. (1985)
stated that as children learn to swim their awareness of the swimming skills within their
possession grows. Children begin to realize how well they can float, bob up and down, or
swim a specific stroke. They state that children next begin to realize that they can
selectively focus their attention on certain parts of a skill, model the behaviour of others,
and use verbal instructions to help guide their actions. As the children mature they then
use such metacognitive knowledge about action to improve their ability to learn in other
problem-solving situations (Wall et al., 1985).

The ideas expressed by Wall (1986), Wall et al. (1985), and Newell and Barclay
(1982), with respect to metacognitive knowledge about action, have been greatly
influenced by the earlier work of those cognitive psychologists (c.g., Brown, Flavell, and
Wellman} that first explored the concept of metacognition. Newell and Barclay (1982)
were among the first to apply what had previously been learned through the study of
verbal learning and memory to the area of motor development. They suggested that

developing an awareness about ones own actions involves two types of knowledge;
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sensitivity to situations requiring skilled action, and the knowledge of variables that affect
the outcome of action. Sensitivity to different situations refers to knowledge of the fact
that action is required, as well as an understanding of the movements required to
successfully complete the act. The latter component of sensitivity, an understanding of the
movements required to successfully complete the act, can itself be broken down into two
related clements, The first of these being an understanding of the nature of the problem to
be solved, with the sccond referring to an individuals awareness of the specific situaticnal
cucs which define the parameters of the task demands (Newell & Barclay, 1982).

The second type of metacognitive knowledge presented by Newell and Barclay
(1982), the knowledge of variables that affect the outcome of actions, is said to include
three related variables; person, task, and strategy variables (Newell & Barclay, 1982).
Thesc variables arc, quite obviously, an extension of the metacognitive knowledge
categories first described by Flavell (1979). However, rather than only influencing
cognitive functioning, these variables are also said to influence motor functioning.

The person variable, as described by Newell and Barclay (1982), reflects an
individuals knowledge of him/herself, or others, as being skilled in certain actions and
exists in two dimensions. The first dimension, entitled traits, consists of an individuals
knowledge of his/hers or others enduring physical structures, whereas the second
dimension, entitled states, refers to an individuals understanding of his/her present ongoing
action (Newell & Barclay, 1982). This understanding will allow the individual to
determiiic if the action should be terminated or continued depending on whether or not the

perceived goal of the action was reached.
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‘The task variable, as described by Newell and Barclay (1982), refers dircetly 1o an
individuals knowledge of the task constraints which affect the difficulty of the action to be
performed. This knowledge is believed to be acquired through two sources: (a) actual
cx.pcriencc at the task, and/or (b) generalized knowledge on a class of tasks with similar
constraints (Newell & Barclay, 1982),

The last variable considered by Newell and Barclay (1982) was the strategy
variable, which makes reference to the way that an individual approaches a task. The type
of stratcgies employed during problem solving are belicved to be representative of an
individuals level of knowledge concerning that particular task. Newell and Barclay (1982)
conclude that the understanding of skilled action requires an analysis of the
interrclationship of the sensitivity and variable catcgories of metacognition.

Within Wall's (1986) discussion of metacognitive knowledge about action frequent
reference was made to the five general classes of metacognitive knowledge that Wellman
(1984) suggested children become aware of as they mature and gain expericnce. Within
Weliman's (1984) first class of metacognitive knowledge, he stated that as children age
they become aware of the fact that mental processes cxist. Wall (1986) then sugpested
that an important aspect of this awareness will be related to their physical body and its
control. As children continuc to gain experience, Wellman (1984) believed that they will
begin to distinguish between different types of cognitive processes such as remembering
and reasoning. Application of this class of knowledge to the motor domain would suggest
that children learn that they can mentally plan and rehearse actions (Wall, 1986). The third

class of metacognitive knowledge believed to develop in children as they continue to grow
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and gain experience is an awareness of the types of variables that affect their cognitive
processing (Wellman, 1984). Wall (1986) suggests that, in a similar way, they also become
awarc of the factors that affect their memory performance and skill execution in the motor
domain. Within Wellman’s (1984) fourth class of metacognitive knowledge children are
belicved to develop an understanding of how different cognitive processes affect each
other as well as how they can be combined to influence different types of tasks. When
applied to the motor domain, Wall (1986) suggests that this understanding is very
important as skilied action often requires the use of different types of knowledge about
action. Finally, within Wellman's (1984) fifth class of metacognitive knowledge, children
learn to appreciate their own mental states. They now know when they know and when
they understand, as well as when they don’t know and don’t understand. Wall (1986)
suggests that this final class of metacognitive knowledge is of crucial importance in the
monitoring and control of cognitive-motor activitics. As such, he states that it becomes
procedural in nature and may be better classified as a metacognitive skill.

Metacognitive skill is said to refer to the operationalization of metacognitive
knowledge about action (Wall et al., 1985). As a result, metacognitive skill is often
thought of as a higher type of procedural knowledge about action. As individuals develop
and/or refine their declarative, procedural, and melacognitive knowledge about action,
higher level metacognitive skills will emerge and will be used to procedurally control
cognition and action within skill learning situations (Wall et al., 1985).

Within the motor domain, most voluntary actions are initiated to meet specific

goals and situational demands (Wall, 1986). Whether one is opening a jar, crossing a
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strect, or attempting to catch a fly ball, the actions are characterised by their goal-dirccted
nature. If one fails to achicve the goal the action can not be considered a success,
Therefore, higher-level executive processes are considered essential for the control and
execution of skilled action. Wall (1986) states that, “effective metacognitive control of
cognitive processes underlying stimulus identification, response selection, and response
programming can ensurc that voluntary actions optimally meet the demands of 2 situation”
(p. 42).

Recall that Brown and DeLoache (1978) emphasized the importance of six basic
skills of metacognition for the effective functioning of a problem solving systcm. Wall
(1986) states that the development of such generic metacognitive skills as predicting,
checking, monitoring, reality testing, coordinating, and controlling allow pcople to control
and enhance their own learning within the motor domain. These metacognitive skills are
believed to develop slowly with age and cxperience, similarly to how Thomas and Thomas
(1994) stated that metacognitive knowledge develops.

As they have been described within the literature (Wall, 1986; Wall ct al., 1985),
both metacognitive knowledge about action and metacognitive skills assume an aimost
superordinate role in relation to the other types of knowledge about action as they
respectively represent onc’s awareness of and control over his/her declarative, procedural,
and affective knowledge about action. As was indicated in the first section of the review,
both metacognitive skills and metacognitive knowledge are believed to increase with age
and experience. However, this developmental relationship has yet to be as strongly

illustrated within the cognitive-motor domain (Newell & Barclay, 1982) . Research
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cxamining the development of knowledge about action, as well as differences in the

knowlcdge possessed by individuals of varying Ievels of motor skill, will be examined next.

Representation, Decision Making. and Task Performance; Motor Skills

While Thomas (1994) has suggested that a working relationship exists between
declarative, procedural, and strategic (i.c., metacognitive) knowledge, decision making,
skill, and game performance, the exact nature of this relationship is not yet clearly
understood. As was evidenced in the previous discussion of the relationship between
knowledge representation, decision making, and task performance for verbal skills, much
of the rescarch examining these same: relationships for motor skills has also focussed upon
identifying differcnces in individuals labelled as either expert or novice performers. The
contemporary study of motor expertise, as described by Abernethy (1994) and Abernethy,
Burgess-Limerick, and Parks (1994) has been dominated by the same two research
paradigms that were used extensively to study expertise within the domain of verbal skills;
namely the perceptually based pattern-recognition and recall paradigms of deGroot (1965)
and the knowledge-based paradigm of Anderson (1982).

Pattern-Recognition and Recall. First let us briefly consider those investigations
that borrowed the pattern-recognition and recall paradigms first used by cognitive
psychologists. When applied to the motor domain these research paradigms become
concerned with identifying the perceptual skills used by players in simulated sport
situations (McPherson, 1993a). Allard, Graham, and Paarsalu (1980), using a four second
recall paradigm, were able to show that expert basketbzall players recall game-structured

information more accurately than non-expert players. Starkes (1987) and Starkes and
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Dcakin (1984) obtained similar findings using an 8 second recall paradigm. Experts within
the Canadian women’s ficld hockey tecam performed better thar both varsity players and
physical education students in the recall of structured ficld hockey situations.

Thesc results are consistent with the carlicr investigations of chess (Chase & Simon, 1973
deGroot, 1965) and bridge (Chamness, 1979).

While the studies performed by Allard et al. (1980), Starkes (1987), and Starkes
and Deakin (1984) provide evidence of the expert’s sensitivity to structure within their
sport, they do little to enlighten us with respect to the characteristics of these perceptual
structures. In an attempt to obtain this information, Allard and Burnett (1985), borrowing
an expcrir.nenlal procedure from Chase and Simon (1973), had basketball expeits and
novices study, for five seconds, 10 diagrams of basketball plays. All subjects were then
asked to reproduce the diagrams as fully as possible. The recall for cach subject was
scored by counting the number of elements correctly recalled, The cxperts were found Lo
take significantly fewer looks than the novices to complete the plays. It was, as a result,
concluded that the basketball knowledge possessed by cxperts may be organized in a
manner similar to that proposed for experts within skill domains requiring obvious
cognitive involvement (e.g., chess and bridge) (Allard & Burnett, 1985), Keep in mind
that the superior recognition and recall abilitics displayed by experts in both motor and
verbal domains is not due to their having greater memory capacitics per sc, but rather is
due to their more efficient encoding strategies for familiar materials. While valuable
information has been gained using perceptually based pattern-recognition and recall

paradigms, McPherson (1993a) would argue that little understanding has been gained of
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the knowledge underlying players’ decisions using such paradigms. To achicve an
understanding of the knowledge underlying players’ decisions one must first come to
understand how this knowledge is represented within memory and this is best
accomplished using the knowledge base paradigms discussed within the first section of this
review.

Knowl Basc. Two of the first investigations into the representation of sport
knowledge were conducted by cognitive psychologists interested in examining how
knowledge of one domain influenced the acquisition and processing of new domain related
information (Chiesi, Spilich, & Voss, 1979; Spilich, Vescnaer, Chiesi, & Voss, 1979). The
knowledge domain studied was baseball. High and low baseball knowledge individuals
were presented with passages of domain-related information and examined with respect to
their ability 1o process this information. The high baseball knowledge individuals were
found to perform better on tasks requiring the recall and recognition of baseball text.
These performance differences were attributed to the fact that the high knowledge
individuals displayed (a) a greater understanding as to how the actions of the game related
to the game’s goal structure, and (b) a superior ability to relate game actions and changes
in game state to the game’s goal structure. The investigators indicated that the more
sophisticated knowledge structure gf the high knowledge individuals guided the
interpretation of input information as well as the retrieval of that information.

Since these early investigations much has been learned regarding the representation
of sport knowledge. Allard and Burnett {1985) have suggested that skilleé athletes

develop the same advanced forms of declarative and procedural knowledge as have been
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demonstrated for experts in other domains, Williams and Davids (1995) and Allard,
Deakin, Parker, and Rodgers (1993} were able to demonstrate that sport experts possess a
larger and more elaborate declarative knowledge base that is a constituent of their skill as
opposed to simply being the product of task familiarity and expericnce. In other words,
these studies were able to demonstrate that knowing and doing arc related, specifically
that knowing facilitates doing. While declarative knowledge levels may differ between
experts and novices, a high level of declarative knowledge alonc will not guarantee
-expertise (Thomas, 1994). Rather, one must also be aware of the nature of the declarative-
procedural relationship (Allard et al., 1993). Williams and Davids (1995) atempted to
account for this rclationship when they examined whether training and playing promoted
the acquisition and retention of specific declarative knowledge. They found that cven
limited amounts of playing experience could facilitate the development of task-specific
declarative knowledge.

In an attempt to relate their results to the work of Anderson (1983), Williams and
Davids (1995) explained that information is initially represented in a declarative manner
and as one gains experience through practice a production system develops that is able o
generate skilled performance. As suggested by their results, the transition to control by
procedural knowledge from control by declarative knowledge within the domain of sport
is facilitated through training and playing. They believe that the action produced informs
the performer of the appropriateness of the procedural knowledge which, in turn,
enhances the performers declarative knowledge. Williams and Davids (1995) summarized

the declarative-procedural relationship by stating that *declarative knowledge is
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proceduralized through training and playing, and procedural knowledge promotes the
acquisition and retention of specific declarative knowledge” (p. 272). Therefore, the
observed relationship Letween knowing and doing was circular in nature in that knowing
was found 1o facilitate doing while doing was found to facilitate knowing.

A number of other investigations have also explored the declarative-procedural
relationship within the domain of sport. French and Thomas (1987) examined the
relauonship of sport-specific knowledge to the development of children’s skills in the sport
of basketball. Two experiments were conducted that used coding of actual game play 10
asscss procedural knowledge and a paper and pencil test to evaluate declarative and
- procedural knowledge, both as they relate to basketball performance. The first experiment
compared child expert and novice basketball players on individual components of
basketball performance as well as on measures of basketball knowledge dribbling skill,
and shooting skill. The second examined developmental changes in the individual
components of basketball performance, basketball knowledge, dribbling skill, and shooting
skill across one scason of play.

Within experiment one the child experts exhibited superior ability in all
components of performance measured suggesting that skilled performance in basketball
requires a basic foundation in motor skills and specific sport knowledge. No
developmental trend was observed in the comparison of child experts and novices of two
different age levels. The scores for the components of basketball performance, the
knowledge test, and the dribbling and shooting skill revealed that the older child experts

performed best on all measures, followed by the younger child experts, older child
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novices, and younger child novices. French and Thomas (1987) suggest that the lack of a
developmental trend indicates that greater opportunity to practice and leamn the cognilive
and motor skills necessary for skilled performance in basketball is more important than an
individual’s age.

Within both experiments 2 significant relationship between the sport specific
knowledge and the decision component of performance was observed. Therefore, French
and Thomas (1987) speculated that the acquisition of domain relaied knowledge may, in
part, be responsible for the facilitation of performance on certain tasks. Support for this
speculation is offered by the rescarch that has previously demonstrated a relationship
between knowledge and performance (c.g., Adelson, 1984; Chi ct al., 1981; Chiesi et al.,
1979; Spilich et al., 1979). The results of both experiments one and two also suggested
that the development of declarative basketball knowledge, as measured by the knowledge
test, was related to the procedural knowledge observed with respect to decision making
during the game. French and Thomas (1987) interpreted this as support for the contention
made by previous researchers (i.c., Anderson, 1982; Chi and Rees, 1983) that the
acquisition of declarative knowledge provides the foundation for the development of
procedural knowledge, such as how to respond or react in a given game situation. While
their results indicated that declarative knowledge may influence the development of
procedural knowledge, French and Thomas (1987) suggested that further research needs
to be performed to better understand this relationship.

McPherson and Thomas (1989}, using a protocol similar to that used by French

and Thomas (1987), examined the relationship between knowledge representation,
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decision making, and performance in the sport of tennis. Again, procedural and declarative
knowledge were assessed using the coding of actual game play and a pencil and paper test.
Interviews during and after game play were also used to assess both declarative and
procedural knowledge. In the first phase of their study the relationship between the quality
of the subjects decision making ability to their skilled performance was cxamined. As
asscssed through performance on the knowledge test, serve test, and ground stroke test,
the experts exhibited more tennis skill and more tennis knowledge. During actual game
play, the decision making ability (i.c., procedural knowledge) was found to be greater for
the experts than for the novices. McPherson and Thomas (1989) suggested that these
results indicated that declarative and procedural knowledge, as well as motor skill,
develop with expertisc.

The second phasc of McPherson and Thomas’ (1989) study was concerned with
identifying how tennis knowledge facilitated the expert tennis players’ decision making
ability (i.c., procedural knowledge) during game play. A situation interview was used to
assess the current status of tennis knowledge and a point interview was used to assess
how this knowledge was used during game play. Overall, the results of both interviews
suggested that the experts had available more conditions and more alternative act.ons that
were important to the goal structure of the game situation. McPherson and Thomas
(i989) suggested that the results of both the situation and point interviews mirror the
predictions of how knowledge develops made by Chiesi et al. (1979). Specifically, they
stated that “individuals first develop a general hierarchical goal structure of the game and

with practice and instruction increase their knowledge of the relations of conditions and
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actions to the games goal structure” (McPherson & Thomas, 1989, p.206).

Overall, the results of the study performed by McPherson and Thomas (1989)
indicated that experts’ skilled performance was influenced by their knowledge structure
which allowed them more effective use of their knowledge during game play. When
combined with the earlier results of French and Thomas (1987) these fi indings begin to
reveal the development of the declarative-procedural knowledge interaction and its
influence on skilled motor performance. In both studies (French & Thomas, 1987,
McPherson & Thomas, 1989) the development of sport declarative knowledge was related
to the development of productions (i.c., procedural knowlcdge) that allowed the players to
make better decisions, hence betier movements, during game play.

While these studies have clearly illustrated expert-novice differences with respect
to the knowledge and skill possessed they have done little to examine the transition
process from expert to novice. French and Thomas (1987) did address the transition issuc
when they attempted to describe changes in the components of basketball performance
across onc scason of play. While the young subjects within French and Thomas’ (1987)
study demonstrated improvements in their decision making skills little tmprovement in the
execution of their motor skills was observed. In an attempt to more overtly examine the
changes in both the cognitive and motor skill aspects of sport performance that may occur
as one acquires expertise, McPherson and French (1991) conducted two studies that
followed beginning tennis players across a semester of instruction.

Within experiment one the instructional focus consisted of a traditional _

fundamental skill approach where motor skill development preceded Strategy instruction.
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The subjects received instruction in motor s¥ills and declarative knowledge followed by
the introduction and integration of tennis strategics. In experiment two, the primary focus
of instruction was on singles strategy rather than on motor skill development. The
instructional environment within experiment two promoted the integration of knowledge
(i.c., declarative and procedural) and skill (i.e., response selection) in the context of a
sport situation. For ali subjects, a knowledge test, skills test, and actual game play were
analysed at the beginning, middle, and end of the semester.

Decision making ability, knowledge, and ground stroke skill were all seen to
improve across the semester of instruction for those students in experiment one. That is,
cognitive components were seen Lo increase concurrently with skill improvement when the
instruction was skill oriented. Instruction within experiment two resulted in significant
increascs in declarative knowledge, as assessed by the knowledge test, while motor skill
ability denoted little improvement over time. The results of the study performed by
McPherson and French (1991) suggest that changes in cognitive components occur
concurrently with skill improvement when instruction is skill oriented. These results
support those of French and Thomas (1987) and McPherson and Thomas (1989) who
suggested that developing a declarative knowledge base is related to the develonment of
proccdural knowledge, or decision making. McPherson and Thomas (1989) further
suggested that items from one’s declarative knowledge base are used to develop the
condition and action sides of productions that are activated to make decisions in sport.

In a more recent investigation McPt;erson (1993b) sought 1o examine how

conceptual knowledge concerning batting preparation develops with playing experience
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and how this knowledge influences decision making during a simulated game situation.
Twelve expert and 12 novice bascball players were required to simulate being the fourth
batter while viewing a half-inning in a vidcotaped collegiate baseball game. The video
recording consisted of a sciting similar to an actual game in which a number of
environmental variables (c.g., pitcher, prior batters, other players) and situational variables
(c.g., pitch sclections, status of the game) were available.

The video recording consisted of one pitcher throwing a total of 15 pitches to
three batters prior to the subjects attempt at bat and four pitches to a player the subjccts
werc required to imaginc as themselves. The subjects were instructed to think aloud while
viewing the video and were asked to respond to the question, “What are you thinking
about?” at different intervals while viewing the tape. Analysis of the think aloud protocols
indicated that the experts’ conceptual representation of batting preparation cnabled them
to scarch through a highly restricted problem space , which facilitated the development of
sophisticated condition-action rules used to solve the problem. The experts were also scen
to differ from the novices in that their rules were more refined (c.g., concepts were
analyzed at a deeper level) and associated (e.g., concepts emerged as patterns) than
novices, the atiributes considered important for solving problems were diffcrent from
those of novices, and they generated self-regulatory strategics to update, check, and
modify their predictions of pitcher characteristics whercas novices did not. McPherson
(1993b) believed that the results of her study provided evidence of the nature of adult
expert sport performers’ conceptual knowledge underlying the decision making process in

sport.
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The results of McPhersons’ (1993b) study served to both support and extend the
findings of the previous rescarch examininy the relationship between knowledge and
skilled performance. As was noted in the previous sport studies, players declarative
representations of content knowledge developed with increasing levels of expertise, a
result also supported by Chi et al. (1981) in their examination of the representation of
physics problems by expert and novice problems solvers. With respect to procedural
representations of knowledge, McPhersons’ (1993b) results support the consensus
findings of the rescarch within the sporting domain as they indicated that experts
generated and posscssed more sophisticated “condition sides” and “action sides” of
procedures (McPherson, 1993a). Thus, as the skili evel was refined and developed (i.e.,
cxpertisc was developed) so to were the declarative and procadural representations of
knowledge.

PROBLEM ARTICULATION

As presenied, most of the investigations examining the relationship between the
representation of knowledge and skilled sport performance have identified expert-novice
differences with respect to the acquisition, development, and use of both declarative and
proccdural representations (e.g., Allard, Deakin, Parker, & Rodgers, 1993; French &
Thomas, 1987; McPherson & French, 1991; McPherson & Thomas, 1989; Williams &
Davids, 1995). However, little has been done in the way of directly examining the
relationship between skilled sport performance and metacognitive knowledge and
metacognitive skill. McPhersons’ (1993b) study did, however, hint at the presence of this

relationship. When compared to novices, the sport experts within her investigation were
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better able to monitor and modify the procedures within their posscssion through the use
of self regulatory strategies. This suggests, though not explicitly stated by McPherson
(1993b), that experts within the domain of sport may also posscss certain metacognitive
skills not possessed by novices. For the ability to monitor, check, and modify one’s
performance is clearly evident of enhanced metacognitive skill functioning as described by
Brown and DcLoache (1978), Wall (1986), and Wall et al. (1985).

As evidenced by McPhersons’ (1993b) results, though rarely overtly stated as an
objective, some studies have begun to highlight the importance of one’s metacognitive
functioning (i.e., metacognitive knowledge and metacognitive skill) in relation to skilled
sport performance. Indeed, if we are to fully appreciate the process of skill acquisition
within the domain of sport we must begin to examine the development of metacognitive
knowledge and metacognitive skill as well as determine their relationship to both
declarative and procedural knowledge (Thomas & Thomas, 1994; Wall, 1986). The
importance of this relationship as a topic for research is further highlighted when onc
considers that metacognitive knowledge about action is said Lo refer to onc's awareness of
the declarative and procedural knowledge about action within one’s possession.

Preliminary work by Toward (1995) sought to investigate the association between
metacognitive knowledge and skilled sport performance. The skill selected for
examination was the basketball foul shot. An experimental protocol similar to the one
utilised in the current investigation was used in this smaller pilot project. Four female
university students participated in the collection of both verbal and visual protocol data in

three experimental tasks. Two of the subjects (Group one) were varsity basketball players
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and were classificd as experts as each was found to have a seasonal foul shot completion
percentage approaching 75% (Expert one = 72%, Expert two = 75%) which has been
defined as being the level of proficiency associated with U.S. male collegiate basketball
players (Krause, 1983). The other two subjects (Group two) were graduate students with
physical education backgrounds. These subjects were classified as novices as neither had
played organized basketball at any level, yet both had received instruction in basic
basketball skills at some point in their past. Hence, the novice subjects had some
knowledge of the game and its technigue and were able to understand the task instructions
presented to them throughout the investigation.

The three tasks utilised within the pilot study (Toward, 1995), and replicated with
modifications in the larger study reported within this document, required the subjects to
verbally instruct a novice basketball player in the proper execution of the basketball foul
shout (Task onc), to talk aloud while performing 10 foul shots (Task two), and to predict
the success of cach attempted shot immediately upon the release of the ball on a further 10
foul shots (Task three). As previously stated, both verbal and visual protocol data was
collected during the performance of each task allowing for comparisons between groups
with respect to the frequency and quality of the verbalizations and physical movements
produced,

Both Tasks one and two were designed to provide an indication of each subjects
level of metacognitive knowledge about action specific to the basketball foul shot. Task .
one provided an indication of each subjects’ awareness of her skill specific declarative

knowledge about action as it necessitated that she recall and verbally express the various
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performance components that constitute a bask:tball foul shot. Task two provided an
indication of each subjects’ awarencss of her skill specific procedural knowledge about
action as it necessitated that she translate her physical actions into verbal descriptions.
Task three was designed to illustrate the level of functioning of the basic skills of
metacognition outlined by Brown (1978), Brown and DeLoache (1978), Wall (1986), and
Wall et al. (1985) as each subject was required to monitor her shot cxecution, predict her
shot success, and elaborate upon her perceived misses.

An observational instrument was designed to assess the quality of both the
verbalizations and physical movements recorded during performance of all three tasks.
Three categories of foul shot skill specific behaviour were coded: spatial skill componenis
(SSC's), technical skill components (TSC's), and mental skill components (MSC's) .
Verbalizations and actions that emphasized or illustrated the segment positioning
necessary to perform the skill were coded as spatial skill components. Verbalizations and
actions that emphasized or illustrated the technique necessary to perform the skill were
coded as technical skill components. Verbalizations that emphasized the mental aspects of
skill performance were coded as mental skill components. The coding systcm that was
used in this investigation was based on an adaptation of those proposed by Rowe (1985)
and Schoenfeld (1985) (Refer to Tables 1, 2, and 3 in Chapter 3 for a modificd version of
the coding grid used). When coding the protacols, both verbal and visual, cach instance of
a skill component was assigned either a positive or negative sign indicating that this skill
component was either stated or performed correctly (+), or was stated or performed

incorrectly (-). The frequency of occurrence for each coded skill component, whether
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positive or ncgative, was recorded and this data was combined within groups and analysed
in a descriptive fashion,

Observation of the coded verbal protocols indicated that at both Tasks one and
two the experts verbalized the SSC's and the TSC's with greater frequency than the
novices and were also more accurate, or correct, in the verbalizations made. These results
suggested that the experts were in possession of superior levels of declarative knowledge
about action with respect to both the spatial and technical skill components of the
basketball foul shot. Experts were seen 1o possess a complete understanding of both the
spatial and technical skill components of the foul shot while the novices displayed a lack of
understanding or, at best, an inconsistent understanding of both.

Observation of the visual protocol data indicated that similar trends existed for the
performance of both the spatial and technical skill components examined. Task two and
three visual protocol data indicated that the experts performed almost all of the coded
spatial skill components and technical skill components correctly. The novices, on the
other hand, were seen to perform some skill components correctly, however, most were
cither performed incorrectly or inconsistently. The results of the visual protocol analysis
indicated that the experts possessed more procedural knowledge and skill than did the
novices with respect to both the spatial skill components and technical skill components of
the basketball foul shot.

The most intercsting results were found when the verbal protocol data was
compared to the visual protocol data. The expert performers described almost al! spatial

and technical skill components correctly as well as performed them correctly. Therefore,
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these individuals were said to possess superior levels of metacognitive knowledge about
action as evidenced through their heightened awareness of both their declarative and
procedural representations of knowledge about action. The experts descriptions of their
physical performance were congruent with their actual physical movements leading onc to
conclude that the experts were cognizant of their ability to correctly perform the
basketball foul shot, The expert performers “knew they knew" how to perform the skill
and were able 10 perform it very effectively, representative of a high level of metacognitive
knowledge and metacognitive skill.

The novice performers, on the other hand, were unable to completely and
accurately describe how to perform the skill. They were, at best, inconsistent in their
attempts to physically perform the skill correctly. The descriptions of their physical
performance were incongruent with their actual physical movements. This incongruence
indicated that the novice performers "did not ‘.now they did not know" how to perform
the skill and lacked the ability to perform it correctly, representative of a low level of
metacognitive knowledge and metacognitive skill.

Observation of the verbal protocol data for the MSC's at both Tasks onc and two
indicated that the experts differed most from the novices in terms of their verbalizations
emphasizing the MSC of focussing. However, since both groups of subjects did mention
this component a number of times it appeared that they were aware of the benefits to be
gained by focussing on the various aspects of the skills performed.

Observation of the results obtained for the predictive portion of Task three

indicated that the experts were able to correctly predict 80% of their foul shots while the
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novices were able to correctly predict only 65% of their foul shots, regardless of whether
or not the shot itself was successful. The reasons given by the experts and novices for
predicted missed shots were s2en (o vary in their content. The novices had a tendency to
rely on the success of the previous shot when predicting the success of the current shot.
The reasons given by the novice performers when explaining a predicted missed shot were
vague and imprecise. For example, novice subject nuraber two gave the following reason
when atiempting to explain a predicted missed shot that was actually successful,

“That one I was not sure, really because I thought it felt like it was going off, but I

was closer than I guess I had thought I was”.
The reasons given by the experts when explaining a predicted missed shot were clear,
logical, and precise. For example, expert subject number two gave the following reason
when altempting to explain a predicted missed shot,

“No, off to the side. I didn't follow through properly and I could tell is was going

to miss left”,
Therefore, not only were the experts better able to predict the outcome of their actions,
the reasons provided for missed shots indicated that these subjects were better able to
monitor their skilled performance and were more cognizant of the influence that any
perceived performance errors would have on final skill execution and performance.

Although the data obtained in this pilot study was not analysed using inferential
statistics and, therefore, no statements of significant differences were made, the frequency
measures which were obtained were consistent with the contention that the expert

performers were in possession of superior levels of metacognitive knowledge and
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metacognitive skill specific to the performance of the basketball foul shot. The cxpert
performers, when compared to the novices, possessed more knowledge with respect to
skil! performance, were better able to physically perform the skill, were more
cognizant/aware of their perforinance abilities, and were better able to monitor and predict
their performance outcomes. This may, as a result, suggest that a relationship exists
between one's level of skill specific metacognitive knowledge and his/her corresponding
ability to properly execute a skill.

The study reported within this text is concerned with further examining expert-
novice differences in metacognitive functioning within the domain of sport. If differences
in metacognitive functioning are obscrved across levels of cxpertise within the domain of
sport it could have possible implications for those involved in the education and generation
of skilled movers. As has become evident within this review, the development of one’s
metacognitive knowledge base and corresponding metacognilive skills allows individuals
to control and enhance their own learning and performance. Thus, instruction in the usc of
such metacognitive skills as monitoring, planning, and predicting may allow one to
increase their own rate of learning and as a result enhance their performance. Likewisc,
assisting an individual in becoming cognizant of, and comfortable with, the skills in his/her
possession may help ensure that the correct decisions are made within the movement

environment.
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CHAPTER I
METHODOLOGY

This chapter serves three main purposes: (a) to discuss the origin of the tasks and
coding instruments used in this investigation, specifying how they assess metacognitive
knowledge as operationally defined in relation to the specific motor skill cxamined; (b) to
present the experimental protocol followed during performance of this investigation; and
(c) to discuss how the data was collected and prepared for analysis and interpretation. To
serve these purposes this chapter is divided into three sections, Task Development,
Experimental Protocol, and Data Collection.

Task Development

Theoretical/Empirical Support

Prior to discussing the tasks developed for use within this investigation it is
necessary to first operationally define the constructs that were examined, these of course
being metacognitive knowledge about action and metacognitive skill. The definitions
offered in this investigation represent the conéolidation of the many definitions presented
hy rescarchers and theorists across various perfor.nance domains. Recall that Dilion
(1986) stated that metacognitive knowledge pertains to the state of one's declarative
knowledge as well as one's procedural knowledge. Similarly, in a discussion of the
development of motor skills from a knowledge-based perspective, Wall et al, (1985)
referred to metacognitive knowledge about action as an awareness of the procedural and
declarative knowledge about action within one's possession, Jacobs and Paris (1987), in

their discussion of children’s metacognition about reading, described metacognitive
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knowledgc as a "reportable, conscious awareness about cognitive aspects of thinking"
(p.258). Of great import to their description, as well as to the operational definitions
presented within this chapter, was that metacognitive knowledge be reportable.
Application of these definitions to the movement oriented domain of sport suggested that
metacognitive knowledge about action be operationally defined, within this investigation,
as a reportable conscious awareness about the cognitive aspects of moving. The cognitive
aspects of moving, inturn, consisting substantively of propositionally based declarative
knowledge about action and performance oriented procedural knowledge about action.
As stated previously. a defining feature of this operational definition of
metacognitive knowledge about action, as well as the description presented by Jacobs and
Paris (1987), was that it can be made public. To illustrate their point, Jacobs and Paris
(1987) stated that an individual who understands how the characteristics of a passage may
impede or facilitate comprehension is providing evidence of metacognitivi about reading.
On the other hand, if while reading an individual pauses at an unfamiliar word and rereads
it in an attempt to understand it, yet is unaware of having done so, Jacobs and Paris
suggest that it would be supzcfluous to attribute metacognition to that behaviour. When
applied to the domain of sport this illustration may suggest that a person who understands
how the individual components of skilled movement may impede or facilitate performance
is providing cv..cice of metacognition about action. However, if when performing an
action an individual is forced to alter his’her movement pattern as a result of an
unanticipated environmental obstacle, yet is unaware of having done so, it would be

superfluous to attribute metacognition to that behaviour as well. By restricting the
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operational definition of metacognitive knowledge about action to reportable knowledge,
as suggested by Jacobs and Paris (1987), the term is constrained considerably. However,
falsc inferences about the presence of metacognition are avoided, thus making the tasks
that utilize demonstration, communication, examination, or discussion more conservative.

As 1t was presented in chapter two, metacognitive skill was said to refer to the
operationalization of metacognitive knowledge about action (Wall et al., 1985), Therefore,
for the purpose of this investigation, metacognitive skill was operationally defined as the
dynamic process of translating metacognitive knowledge about action into action. It is
believed that metacognitive skills are used to procedurally control cognition and action
through the functioning of such higher level executive strategies as predicting, checking,
monitoring, reality testing, coordinating, and controlling. Applying Brown and
DeLoaches’ (1978) descriptions of these six basic metacognitive skills to the domain of
sport suggested that cach, in tum, be operationally defined as follows: predicting the
consequences of an action or movement, checking the results of an action or movement,
monitoring onc's ongoing actions or movements, testing the logic of selected actions or
movements, and both coordinating and controlling onc’s actions or movements in relation
lo the intended goal.

Having operationally defined both metacognitive knowledge about action and
metacognitive skill, the issue then became one of trying 1o develop tasks that would
accurately represent and assess both constructs as they are possessed by individuals with
varying levels of skill specific to the performance of the basketball foul shot . While both

definitions are somewhat restrictive in that they emphasize reportable knowledge about



Methods 63

motor activities, they also facilitate measurement as will become evident in the discussion
of the 1asks developed for usc in this investigation, Specifically, three tasks were
developed, cach designed to assess a different aspect of an individual's mctacognitive
knowled;. 1bout action and metacognitive skill specific to the basketball foul shot. It was
belicved that through combining several tasks and their resultant dependent measures,
additional insight into the metacognitive knowledge possessed by the individuals in this
investigation would be gained. The incorporation of a multitask approach, though scldom
used (Helsen & Pauwels, 1993), has recently come into favour when examining the
development of knowledge within the domain of sport (Williams & Davids, 1995:
Aberncthy, Thomas, & Thomas, 1993; McPherson, 1993a). Williams and Davids (1995)
belicved that a multitask approach allowed for a more comprehensive analysis of the
cognitive characteristics underlying skilled performance. A discussion of the three tasks
used in this investigation, including a description as to how cach differentially assesses
metacognition follows.

Task One - Verbal Instruction. Task one was designed to assess cach subject’s
awarencss of the declarative knowledge about action, relative to the perfermance of the
basketball foul shot, within her possession. This task required that cach subject verbally
instruct a novice basketball player in the proper exccution of a basketball foul shot. Doing
so necessitated the self-appraisal of one’s cognition as it specifically relates to
perfermance of the foul shot. This, in turn, required the conscious effortful recall of
propositionally based information from long-term memory (i.c., a search through

declarative memory). Recall that two of the defining characteristics of declarative
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knowledge arc (a) that onc has conscious access to this knowledge, and (b) that it may be
verbally communicated (Anderson, 1976, 1993; Mandler, 1989). Jacobs and Paris (1987)
believe that declarative knowledge represents one of the classifications into which self-
appraisals of cognition fall, with self-appraisals of cognition representing one of their two
identified categories of metacognition. As their description specifically related to Task one
within the current investigation, sclf-appraisals were thought of as demonstrating the
declarative component of metacognitive knowledge about action. Therefore, the
verbalizations produced at Task one were believed to be reflective of the level of the
declarative component of metacognitive knowledge about action, relative to the
performance of the foul shot. within cach subject’s possession. All verbalizations (i.c.,
verbal protocols) produced during the performance of Task one were recorded for later
analysis.

Task Two - Talk Aloud While Performing. Task two was designed to assess each
subject’s awareness of the procedural knowledge about action, relative to the performance
of the basketball foul shot, within her possession. Much like the tasks used by Swanson
(1990, 1993), Task two allowed for concurrent motor activity and verbalization as each
subject was required to perform 20 foul shots, "talking aloud" during the performance of
alternate shots. Talking aloud meant that each subject attempted to describe all actions as
they were performed and all thoughts as they occurred. As in Task one, performance here
also necessitated the self-appraisal of one’s cognition as it specifically relates to
performance of the basketball foul shot. However, the self-appraisals differed at Task two

in that subjects were attempting to describe their procedural knowledge as it was
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operationalized. Procedural knowledge, like declarative knowledge, was believed 10
represent one of the classifications into which sclf-appraisals of cognition fall, with sclf-
appraisal again representing one of Jacobs and Paris’ (1987) two identified categorics of
metacognition. Just as Jacobs and Paris (1987) stated that an awarcness of the cognitive
processes involved in thinking is a fundamental aspeet of metacognition, onc may claim
that an awareness of the cognitive processes involved in moving is also a fundamental
aspect of metacognition.

The subjects were asked to talk aloud during the performance of alternate shot
atlempts at Task two becausc information within procedural memory can only be
inspected when represented in working memory and to be represented there the
procedures must be active (Ohlsson, 1987). Performing the skill of foul shooting would,
therefore, have resulted in the activation of those procedures specific to skill performance.
The “talk aloud” protocols then would have reflected subsets of the information that were
brought forward into working memory (Swanson, 1993). Essentially, what the subjects
werc asked to do was to declaratively represent and express the procedures used (o
produce an overt behavioural response. In this instance, the overt behavioural responsc
(i.e.; the foul shot) was itself an expression of those same procedures.

Although it may seem awkward having asked the subjects to represent procedural
information in a declarative fashion, O'Neil, Slawson, and Baker (1991) have stated that
declarative knowledge is useful as an aid for encoding and retrieving procedural
information. Likewise, McPherson and French (1991) have suggested that verbal report

data may be useful to interpret game play. When one considers the fact that procedural
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memory is said to have a "limited inspectability” (Ohlsson, 1987), the utility of the
declarative representation is further highlighted.

To conclude, performance at Task two represented an attempt by each subject to
do two things, (a) consciously access and appraise the internal processing (i.c.,
procedures) which occurred during skilled motor performance, and (b) translate this
processing activity into words. Application of Jacobs and Paris’ (1987) description of the
sclf-appraisal process to Task two would suggest that the appraisals performed were
demonstrative of the procedural component of metacognitive knowledge about action.
Therefore, the verbalizations produced at Task two were believed to be reflective of the
level of the procedural component of metacognitive knowledge about action, relative to
the performance of the foul shot, within each subject’s possession, All verbalizations (i.c.,
verbal protocols) and actions (i.e., visual protocols) produced during the performance of
Task two were recorded for later analysis.

Task Three - Predicted Performance. Task three was designed to provide an
indication of each subject’s level of metacognitive skill functioning relative to the
performance of the basketball foul shot. This task required that each subject physically
perform 10 foul shots, monitor her skilled performance, and predict her success
immediately upon the release of each ball. Following each prediction the subject was then
asked to claborate upon her perceived success or failure in an attiempt to illustrate the level
of functioning of the basic skills of metacognition as they were operationally defined for
this investigation. The performance prediction paradigm is not new to the study of

metacognition. Traditionally this paradigm has been used to investigate the metamemory-



Mcthods 67

memory behaviour relationship (Schneider, 1985). As it was used within this investigation,
the performance prediction paradigm was expanded to include such strategics (i.c.,
mctacognitive skills) as monitoring, checking, reality testing, coordinating, and
controlling. These basic metacognitive skills may be regarded as cach subjects atiempt 1o
sclf-manage or self-regulate the process of translating knowledge into action. Therefore,
the verbalizations produced by each subject during the self-management process at Task
three were believed to be reflective of the level of functioning of cach of the basic
metacognitive skills. As with the previous two tasks, the verbalizations (i.c. verbal
protocols) produced during the performance of Task three were recorded for later
analysis.

All subjects had previously encountered the physical performance components
(i.e., foul shot performance) of the three tasks utilized within this investigation, whether in
skill classes or coaching environments. Hence, all subjects had a basic understanding
regarding how to proceed. It should be noted that for Tasks one and two a subjcct could
make a correct verbal statement without having a complete understanding of that
statement. For example, it was possible that a subject may have repeated a correct
instructional statement previously presented to her in an educational environment while, at
the same time, she may lack a full understanding of what was actually involved in the
production and coordination of the instructed movement. This lack of understanding
would then become evident in the production of physical actions that were not congruent
with the verbalizations made. Choices were involved with respect to both skill instruction

and performance, for example, where and how to position the feet. In both tasks the
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probability existed that subjects who more fully understood the skill would present
stronger, more richly detailed, and more accurate verbal statements than those who may
only have been repeating past instructional statements. Thus, the tasks utilized within this
investigation allowed for the concurrent assessment of an individual’s skill specific
knowledge base and their subjective (i.c., metacognitive) awareness of the knowledge and
skill within their possession. The collection of verbal and visual protocol data across tasks
allowed for comparisons both between and within groups with respect to the frequency
and quality of the verbalizations and physical movements produced. Both types of
protocol collection are addressed in the following text.

Protogo! Collection. The use of verbal protocols to assess knowledge and mental
functioning during the performance of a specific task is not unique. The technique of
verbal protocol collection and analysis was first formalized by Ericsson and Simon (1984).
The usefulness of protocol data to evaluate the on-line mental processing of individuals
has since been repeatedly demonstrated in such cognitively rich performance domains as
genctics (Hackling & Lawrence, 1988), biology (Lavoie, 1993), map reading (Gilhooly,
Wood, Kinncar, & Gree, 1988}, and physics (Ferguson-Hessler & de Jong, 1990).

Verbal protocols have also been used, 1o a lesser degree however, to assess the
representations of knowledge held by expert and novice performers within the domain of
sport {e.g., McPherson, 1993b, baseball; McPherson & Thomas, 1989, tennis). Verbal
protocols can be collected in any number of ways. Individuals may be asked to talk aloud
or think aloud during task performance (e.g., McPherson, 1993b; McPherson & Thomas,

1989), may be interviewed at specific points during performance (e.g., McPherson,
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1993b}, or may be asked to retrospectively describe their thought processes and/or skilled
performance (c.g., Toward & Kerr, 1994a). Thomas and Thomas (1994) have stated that
self-report and probe technigues are critical methods when studying expertise and that the
verbal protocoal data collected as a result of their usc can provide measures of declarative,
procedural, and metacognitive knowledge. McPherson and Thomas (1989) required
expert and novice tennis players, in two age groups, to think aloud when presented with
diagrams of court situations, as well as between points during actual game play in an
attempl to assess both their declarative and procedural knowledge, McPherson (1993h)
required subjects to think aloud during the performance of a simulated batting task in an
atiempt to examine how conceptual knowledge concerning batting preparation develops
with playing experience as well as how this knowledge influences decision making during
game performance. The use of “think aloud” protocols in both of thesc investigations is
similar to what was asked of subjects at Task two in the investigation reported within this
document. Recall that subjects at Task two were required 1o talk aloud during the
performance of alternate foul shot attempts. As Ericsson and Simon (1984) have
suggested that the use of “think aloud” protocols does not interfere with or change
performance as participants are simply stating what is currently in their working memory,
it was assumed that the protocols collected here would not interfere with performance of
the skill of foul shooting.

The observation and analysis of physical movements or actions (i.c., visual
protocols), while used less frequently as an experimental protocol, has also been used to

assess procedural representations of knowledge. Again, recall that at Task two incasures
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of procedural knowlcdge were obtained using both talk aloud verbal protocols as well as
direct obscrvation of game play, cr more specifically, skill execution. As suggested by
Gentner (1988) the obscrvation of molor skills provides a unicie psychological insight
into one’s thought processes, hence knowledge base, as they are the direct concrete
product of the large amount of mental processing required for the planning, coordination,
and control of actions. Gentner states that, from a practical standpoint, motor skills offer
an advantage to the researcher studying expertise as the normal performance of a motor
skill produces an externally obscrvable sequence of events that are directly related 10 the
task. French and Thomas (1987) and McPherson and Thomas (1989) utilized this
advantage when they coded actual game play in an attempt to asscss procedural
knowledge. Therefore, the tasks used in the current investigation, while perhaps novel in
their application and combination, have been proven useful for assessing declarative,
procedural, and metacognitive knowledge within a varicty of performance domains.
Instrumentation: Coding Grids

A number of observational instruments (i.e., coding grids) were designed 1o assess
both the frequency and quality of the recorded verhal and visual protocols produced at all
three tasks. To assist in the development of coding categories specific to the skill of foul
shooting various coaching and instructional manuals (Fox, 1988; Krause, 1983) for the
sport of basketball were consulted. Examination of the instructional literature lead to the
partitioning of the skill of foul shocting into three distinct skill component classifications;
spatial skill components (SSC's), technical skill components (TSC's), and mental skill

components (MSC's). Spatial skill comiponents were operationally defined as those
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verbalizations and actions that emphasized or illustrated the segment (i.c., body part)
positioning nec=ssary to perform the skill of foul shooting. Included within the SSC's
were those verbalizations and actions that emphasized or illustrated positioning at the fect
(SSC1), knees (SSC2), waist (SSC3), back (SSC4), shoulders (SSCS), head (SSC6),
elbow/arm (SSC7), wrist (SSC8), fingers (8SC9), and hand (SSC10).

Technical skill components were operationally defined as those verbalizations and
actions that emphasized or illustrated the technique necessary for performance of the skill
of foul shooting. Included within the TSC's were those verbalizations and actions that
emphasized weight (TSC1), alignment (TSC2), release (TSC3), follow-through (TSC4),
flight of the ball {TSCS5) ritual (TSC6), extension (TST7), aim (TSCB8), technical
information (TSC9), ball position (TSC10), and approach/sctup (TSC11).

Mental skill components were operationally defined as those verbalizations that
emphasized the mental aspects of skill performance. Included within the MSC's were those
verbalizations that emphasized focus/concentration (MSC1), visualization (MSC2), and
feel/relaxation (MSC3). Tables 1, 2, and 3 present task specific operational definitions and
cxamples for each of the coded spatial, technical, and mental skill sub-components
presented in the preceding paragraphs.

The partitioned skill components, and their respective sub-components, were then
presented to two University level basketball coaches in an attempt to determine the
relevance and accuracy of the partitions, It was agreed that the partitioned skill sub-
components, as determined through observation of the instructional literature, were

relevant to the skill of foul shooting and that the components accurately represented the
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individual skills necessary for successful foul shot performance,

The coding systems developed for use in this investigation were hased partially
upon the models proposed by Schoenfeld (1985) and Rowe (1985). These models assisted
in the construction of the coding grids used herc by lending their structure and
organization. Schoenfeld (1985) suggested that protocols be parsed into large chunks
called "Episodes” which represent periods of time in which the problem solver is cngaged
in a single set of actions of the same type and character. This analysis of protocols at a
macroscopic level provides a way of identifying the large-scale consequences of individual
decisions made during problem solving sessions (Schoenfeld, 1985).

The cpisodes developed for use in Tasks one, two, and three were: reading,
comprehension, task performance, and evaluation/judgement. The reading cpisudc'hcgun
when a subject started to read the task instructions presented to her and finished when she
had completed reading them in their entirety. The comprehension episode represented
periods of time when the subject was engaged in activitics designed to improve her
understanding of, and performance within the task. The task performance episode
involved the actual completion of the task demands whether they were providing verbal
instruction, or talking aloud during shot performance. The evaluation/judgement episode
involved such activities as expressing feelings of accomplishment, failure, pleasure, or
anxiety as they all relate to task performance.

Rowe's (1985) medelling system scrved to move the analysis to a microscopic
level helping to identify "components” and "sub-components” that may be subsumed

within the larger episodes. A large number of the components and sub-components used in
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this investigation were developed after the protocols had been collected. The observation
of a particular verbalization or movement led to its inclusion in the coding grid. A small
pilot study performed by Toward (1995) also assisted in the identification of relevant
components and sub-components. In the pilot study two expert and two novice basketball
players performed the same three tasks used in the current investigation. The components
and sub-components developed for use within the pilot study were appropriate for
inclusion in this study. However, as previously stated, this did not preclude the creation of
new categories if warranted by the protocols collected.

Unlike the episodes developed for use in this investigation, the components and
sub-components varied, though at times only slightly, for each task. Each of the three
tasks used in this investigation required that a scparate grid be developed for the purpose
of coding the collected protocols. Tables 1 and 2 contain the coding information which
was used to code both the verbal and visual protocols obtained from Tasks one and two
respectively. The_sc tables contain operational definitions and examples for each of the sub-
components that were used in the coding process.

The verbal protocols obtained at Task three were coded differently than Tasks one
and two. The main responsibility of each subject at Task three was to predict the
performance outcome at each shot attempt. The verbal protocol information that followed
served o supplement the original prediction. That is, it represented each subjects attempt
to explain their prediction, Essentially, the task performance episode differed from those
used in Tasks onc and two in that it was used to code verbal protocols that were collected

retrospectively, after each shot attempt, rather than concurrently during motor
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performance. The task performance episode within Table 3 contains the information

which was used to code the post-prediction verbal protocols collected at Task three.
Experimental Protocol

Subjects

Twenty-four female undergraduate students from McGill University volunteered to
participate in this study. 'T'welve of the 24 subjects were classified as basketball cxperts
while the remaining twelve were classified as basketball novices. Classification as cither an
expert or novice was dependent upon the total number of scasons spent playing
competitive basketball and the level of competition. For use within this investigation,
competitive basketball was operationally defined as participation in a leaguc, whether it be
high school, C.E.G.E.P., university, or club, with full-time coaching and organized
scasonal practices.

Analysis of the number of competitive seasors played by the subjects within both
groups yielded significant (F(1,22) = 64.55, p < .01) group differences, thereby lending
support to the relative classification of ‘expert’ and ‘novice’ for Group onc and G .;oup
two subjects respectively. The 12 subjects within the expert group (Group one) had, on
average, 10.58 seasons (SD = 3.36) of competitive experience while the 12 subjects within
the novice group (Group two) had, on average, 1.42 seasons (8D = 2.06) of competitive
experience. Refer to Table 4 for a listing of the mean number of competitive scasons

played by both groups of subjects at various levels of competition.



Table 4
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Mcan Number of Competitive scasons of Basketball Experience for Group Ong and

Group Two
Level of Competition
Group® High School C.E.G.E.P."  University Club Total
One 3.83 1.08 1.42 4.25 10.58
Two 1.25 0.17 (.00 0.00 1.42

*Group One N = 12, Group Two N = 12

* C.E.G.E.P. =Collége D’enseignement Général et Professionnel
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Procedure

The performance of all three tasks and the resultant verbal and visual protocol
collection took approximately 50-60 minutes per subject. Each iesting session began with
the subject entering the gymnasium and having the experimental setting shown to her. The
subject was then presented with the letter of informed consent (see Appendix A) and was
10ld that this study focussed on the skill of foul shooting. Each subject was then informed
that she would be asked to perform the following three tasks: (a) instruct a novice leamer
in the proper exccution of a foul shot, (b) "talk aloud" while performing ten foul shots,
and (c) assess performance and predict the outcome of ten attempted foul shots.

The concept of "talking aloud" while performing was further explained to each
subject emphasizing that she was to attempt to verbalize all thoughts as she had them and
all actions as she performed them. To assist in the understanding of this concept each
subject was asked to perform a simple motor task (putting on one's shoes and tying the
laces) and to talk aloud while doing so. The task itself was simple but the act of describing
cach movement proved more difficult. Each subject was encouraged and prodded by the
experimenter 10 ensure that all theughts and actions were verbalized. Each subject
continued to practice "talking aloud" until they felt comfortable with the concept.

Prior to initiating actual task performance each subject was next provided with a
period of time 10 physically warm up and prepare for the skill of foul shooting. When the
subject felt she was ready to begin she was presented with the instructions (see Appendix
B} for Task one, asked to read them aloud, and then to execute them. When Task one was

completed the subject then performed the same steps for the next two tasks, reading the
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instructions aloud, followed by their execution. The verbal and visual protocols were
recorded at cach task using a wireless m icrophone worn by the subject. a JVC colour
video camera, and a JVC VHS video cassetic recorder. The text that follows presents a
detailed explanation of the performance requirements ar cach task.

Task One - Verbal Instruction. Each subject was required to verbally instruct a

novice basketball player in the proper execution of a basketball foul shot. The investigator
served as the novice in this task. Each subject was toid that the novice learner had never
before received any direct instruction in the proper execution of basketball skills and had
never before played the game at an organized levei. The responsibility of each subject was
to tell the novice learner everything she felt he needed to know in order to successiully
perform the skill. There was no time restriction placed upon the completion of the task
and each subject was allowed to supplement her verbal instruction with physical
demonstrations, if deemed necessary. The subjects were instructed to think aloud at all
times during the performance of the task to ensure that all information was verbalizcd.
Before Task one was concluded a general probe was asked 1o ensure that cach subject had
addressed the components of foul shot performance that she perceived as being relevant o
skilf instruction (e.g., "Bafore finishing, I would like to ask if there is anything clsc that
you would like to add?).

Task Two - Talk Aloud While Performing. Each subject performed 20 foul shots,
talking aloud during the performance of alternate shots. Each subject was told that starting
with the first shot attempt, and on alternate shot attempts following, she must verbalize all

of her thoughts and actions. If the subject remained silent for any length of time she was
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reminded to talk aloud. In an attempt to stimulate thinking and enhance verbal output each
sabject was required to collect her own rebounds. Doing so required that cach subject sicp
off the foul linc after cach shot attempt, collect the ball, and then reposition herself for the
next attempt, necessitating the re-statement of the previously performed skill components.

Task Three - Predicted Performance. Each subject performed 10 foul shots,
assessing and predicting her performance outcome at specific times throughout task
performance. Immediately upon the release of the ball, at each shot attempt, the subject
was asked to verbally indicate (i.c., predict) whether she believed the shot was going to be
successful by saying cither "YES" or "NO". This task required that each subject monitor
and assess her performance prior to predicting the success of each shot attempt. After
predicting the success of the shot cach subject was then asked to explain her prediction, or
Justify her response, regardless of whether of not their prediction was accurate. As in the
previous task the subjects were asked to collect their own rebounds.

Data Collection

Coding

Once coliected the verbal protocols were transcribed verbatim and were assigned
the appropriate codes from either Table 1, 2, or 3. When coding the verbal protocols for
Tasks one and two each coded task performance skill sub-component was assigned a
quality assessment value (QAV) of either 3, 2, or 1. These assigned values were
representative of the quality of the verbalizations produced. That is, each verbalized sub-
component was assessed to determine if the information provided was correct (3),

incorrect (1), or incomplete (2). An assigned value of 2 indicated that the sub-component
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was discussed in such a way that a judgement could not be made with respect to the
quality (i.c., correct or incorrect) of the statement, if a sub-component was not addressed
it was assigned a value of 0 which meant that it was omitied.

A somewhat different method of valus assignment was used when coding the
visual protocol data for Task two. As the visual protocol data was collected through the
direct observation of movement it was possible to limit QAV assignment to only correct
and incorrect movements. No movement was coded as incomplete since dircct observation
allowed for the collection of sufficient information to fully assess the quality of the
movements or actions produced. Likewise, direct observation of the movements or actions
produced also meant that the skill sub-components of interest were all present and that
none were assigned a QAV of 0. Therefore, each coded skill sub-componcent was assigned
a QAV of either 3 or i, dependent upor whether or not the coded sub-component was
performed correctly or incorrectly.

The verbalizations coded at Task three did not have a QAYV assigned to them, as
the intent was simply to code and document the occurrence of the explanations presented.
Appendix C provides an explanation of the coding and scoring system utilized within this
investigation, including definitions and examples of correct, incorrect, and incomplete
verbalizations and/or actions for each skill sub-component. The information within
Appendix C supplements that already presented in Tables 1, 2, and 3.

Reliability
Due to the relatively subjective nature of the coding process, it was crucial that the

extent to which meaning was assigned (i.e., coded) to the protocols could also be inferred



Methods 84
by cxternai observers. Therefore, in an attempt to determine the reliability of both the
coding procedures and the resultant protocol data three independent raters were trained
and assessed with respect to their ability to reproduce the codes previously assigned by the
investigator. This reliability check was performed for both the verbal protocol data and
visual protocol data using the same three individuals. The procedures used to determine
the reliability of the coding procedures for this investigation were based upon those used
by Blais (1989) and C6té (1993).

Verbal Protocols. When coding the verbal protocols the primary concern for

Tasks onc and two was to determine whether or not a specific skill sub-component (SSC,
TSC, MSC) was represented. while the primary concern for Task three was 1o deterinine
whether or not a specific reasoning sub-component (SSC, TSC, KR, OR) was
represented. Therefore, identifying group differences in reading, comprehension, and
cvaluation/judgement was of secondary importance when compared to identifying group
differences in task performance. However, all four of the identified episodes were included
within the coding process. That is, equal time and attention was devoted to coding all
verbalizations not just those associated with task performance.

The reliability check performed on the procedures used and data obtained when
coding the verbal protocols followed five distinct steps. First, because of the complexity of
the coding process, the three raters selected to assist in coding the verbal protocols were
provided with an explanation as to the purpose of the investigation. The raters next
participated in a discussion of the various episodes, components, and sub-components

contained within the coding grids for Tasks one, two, and three. Examples of correct,
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incorrect, and incomplete verbakizations, as they relate to instruction in foul shooting,
were also discussed at this point. The document entiiled "Foul Shot Skill Components”
(see Appendix C) and Tables 1. 2. and 3 were presented to cach rater in an atempt (o
enrich their understanding of the coding process. The raters were then trained on the
coding process at cach task using the protocols collected from one of the subjects who
participated in this investigation. The training session concluded when the raters and the
investigator were able to rcach a consensus opinion (i.c., 3 of 4) on cach coded
verbalization within the training protocols. This four step training process took
approximately two hours to complcte.

The fifth step in the performance of the reliability check involved providing cach
rater with the transcribed protocols of six randomly sclecled subjects (three experts and
three novices). Working independently, the raters first coded the six transcribed protocols
for Task one. When the coding was completed both the raters and the investi gator then
reviewed cach coded protocol and attempted to resolve any observed differences. The
review process continued until a consensus opinion was reached with res pect w the code
assigned to each verbalization. The raters next coded the six transcribed protocols lor
Task two. When the coding was completed the raters and the investi galor again reviewed
the coded protocols attempting to resolve any observed differences. The process was
again repeated for Task three. When coding the protocols the code for cach identificd sub-
component was placed directly above its corresponding transcribed verbalization. An
example of a coded verbal protocol for each of Tasks one, two, and three is provided

within Appendix D. The 18 protocols, representative of the performance of six subjects on
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cach of the three tasks, used to determine the reliability of the coding process represcnted
approximately 26% (i.c., 18 of 69) of the remaining verbal protocols not used during the
training process. It took approximately 12 hours to code the verbal protocols and reach
consensus with respect to the assigned codes.

The investigator had originally assigned 184 sub-component codes to the six
transcribed Task one verbal protocols that were randomly selected for the purpose of
rcliability testing. Rater one assigned 180 sub-component codes Lo these same transcribed
protocols, however 15 of these codes did not match those assigned by the investigator;
yiclding an inter-rater reliability of 90%. Of the (5 non-matching codes, 10 were
representative of performance within the same episode but differed with respect to either
the sub-component code or the QAV assigned; yielding an inter-episode reliability
cocfficient of 95%. Raters two and three were seen to respectively assign 177 and 174
sub-component codes to the same Task one verbal protocols. Rater two assigned 21 codes
that did not match those assigned by the investigator while rater three assigned 15 non-
matching codes; yielding respective inter-rater reliability cocfficients of 85% and 86%.
Examination of those codes that were representative of performance within the same
episode but differed with respect to the sub-component code or QAV assigned yielded
inter-cpisode reliability coefficients of 93% and 92% for raters two and three respectively.

Specific to Task two, the investigator assigned 467 sub-component codes to the
six transcribed verbal protocols randomly selected for the purpose of reliability testing.
Rater one assigned 459 sub-component codes to these same transcribed protocols,

however 35 of these codes did not match those assigned by the investigator; resulting in
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an inter-rater reliability coefficient of 914, Of the 35 non-matching codes, 25 were
representative of performance within the same episode but differed with respect to either
the sub-component code or the QAV assigned: yiclding an inter-episode reliability
cocfficient of 96%. Raters two and three both assigned 464 sub-component codes to the
same Task two verbal protocols. Rater two assigned 47 codes that did not maich those
assigned by the investigator while rater three assigned 44 non-matching codes; yiclding
respective inter-rater reliability coefficients of 89% and 90%. Examination of those codes
that were representative of performance within the same episode but differed with respect
to the sub-component code or QAV assigned yielded inter-cpisode reliability coefficients
of 97% for both raters two and threc.

At Task three only those codes assigned 1o the explanations offered in response to
the predictions made were of interest. The investigator assigned 110 sub-component codes
to the six transcribed verbal protocols randomly selected for the purpose of rchiability
testing. Rater one assigned 114 sub-component codes to these same transcribed protocols,
however 7 of these codes did not match those assigned by the investigator; resulting in an
inter-rater reliability coefficient of 97%. Raters two and threc respectively assigned 114
and 110 sub-component codes to the same Task two verbal protocols. Rater two assigned
8 codes that did not match those assigned by the investigator while rater three assigned 4
non-matching codes; yielding inter-rater reliability cocfficients of 96% for both raters two

and three when compared to the investigator.

Visual Protocols. When coding the visual protocols collected at Task two the

primary concern was to determine whether or not a particular skill sub-component (SSC,
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TSC, MSC) was performed, and whether it was done so correctly or incorrectly. The
reliability check performed on the procedures used and data collected when coding the
visual protocols at Task two followed five distinct steps. To begin, the raters were again
reminded about the purpose of this investigation and the importance of accurately coding
the visual protocols. The raters next participated in a discussion of the various skill sub-
components that were to be coded. Examples of correct and incorrect actions, as they
relate 10 the performance of the foul shot, were also discussed at this point. The document
entitled "Foul Shot Skill Components”, found within Appendix C, was again discussed to
cnsure that each rater had a complete understanding of the coding process. The raters
then participated in a training exercise designed. Lo perfect their coding skills. This exercisc
involved coding all of the actions of one of the subjects who participated in this
investigation. The training exercise concluded when the raters and the investi gator were
able to rcach a consensus opinion (i.c., 3 of 4) on each coded action within the training
tapc. This four step training process took approximately 45 minutes to complete.

The fifth step in the performance of the reliability check involved having the
raters, together with the investigator, view the recorded performance of the same six
subjects whosce verbal protocols were coded earlier. The raters were provided with
checklists (See Table El in Appendix E) for recording the occurrence of the skill sub-
components at each shot attempt. The coding took place within a video lab where the
raters and the investigator simultaneousty viewed the performance of each of the six
sclected subjects. Alternate shot attempts were coded, starting with the first shot.

The coding process itself occurred at two distinct points within each shot attempt.
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First. the performance of cach subject was observed. in real time. up to the point ac which
she had just set herself. prepared to shoot, At this point, just prior to shot initiation, the
tapc was stopped and the following skiil sub-components were coded: SSC1 (feet). 8SC2
(knees), SSC7 (elbow), SSC10 (hand), TSC6 (ritual). TSC10 (ball position), and TSC1 1
(approach). Each sub-componcnt was coded with respect to the quality of it
performance. When this first phase of the coding process was completed the tape was
again started and performance was observed, in real time, up to the peint at which the ball
was just about to be released. At this point, just prior to completion of shot, the Lape was
observed one frame at a time while the following skill sub-components were coded: TSC3
(release), TSC4 (follow through), and TSC7 (extension). Again cach sub-component was
coded with respect to the quality of its performance.

After cach shot attempt was coded the raters and the investigator then reviewed
their selections and attempted to resolve any apparent coding differences. This review
process continued until a consensus opinion (i.c., 3 of 4) was rcached. If, during either
phase of the coding process, the raters again needed to observe the performance of any of
the coded sub-components the tape was rewound and that specific sub-component was
displayed. This process was repeated for all 10 shot attempts within cach of the six
sclected visual protocols. The 6 protocols, representative of the performarice of six
subjects at Task two, used to determine the reliability of the coding process represcnied
approximaiely 26% of the remaining visual protocols not uscd during the training process.
It took approximately 4 hours to code the visual protocols and rcach consensus with

respect to the assigned codes.
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The investigator assigned 720 sub-component codes to the six recorded Task two
visual protocols that were randomly sclected for the purpose of reliability testing. Raters
one, two, and three also assigned 720 sub-component codes as 12 actions had to be coded
for cach of 10 foul shots taken by the six subjects. Raters one, two, and three matched the
codes assigned by the investigator 687, 698, and 686 times respectively; producing
respective inter-rater reliability coefficients of 95%, 97%, and 95%.

Nonc of the mental skill sub-components (MSC1, MSC2, MSC3) were coded
during this phase of data collection as it was impossible to infer the presence of any such
activity simply through the observation of physical skill performance. For a similar reason
a number of the spatial skill sub-components (SSC3-waist, SSC4-back, SSC5-shoulders,
SSC6-head, SSC8-wrist, SSC9-fingers) and technical skill sub-components (TSC1-
weight, TSC2-alignment, TSC5-flight of the ball, TSC8-aim, TSC9-technical information)
were 1ol coded. Limitations in the number of cameras available, hence viewing angles,
reduced the number of skill sub-components that could be clearly recorded and assessed.
However, those sub-components that were recorded represented the most essential and
fundamental clements of skilled foul shot performance.

Data Preparation and Analysis

The method of data preparation and analysis varied for each task. The following
text is a description of the preparation and analysis procedures used at Tasks one, two,
and three.

Task Onc - Verbal Instruction. The initial step in the preparation of the data was to

record the coded verbal protocols for each subject. A count was recorded regarding the
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number ol times cach sub-component. and its comresponding quality assessment value.

was coded within cach group during Task one performance. 1t is important to note (hat
only the first occurrence of each verhalized skill sub-compaonent was recorded (i,
repeated verbalizations were not counted) for cach subject at Task one. This was done to
prevent biasing the results througk recording the repeated verbalization of information
already presented. If repetitions were recorded it may have resulted in one individual
appearing 10 posscss morc knowledge than another simply because a specific skill sub-
component was discussed with greater frequency. However, we could not assume that an
individual who correctly instructed the novice learner in the proper positioning of the
knees four times during task performance knew more than an individual who did it only
once. The content of the information presented would have been similar and the fact that it
was repeated would not necessarily indicate a greater understanding. Repetitions were
noted, however, when a subject discussed a spectfic skill sub-component more than once
and cach occurrence was assigned a different QA V., For cxample, if a subject discussed the
placement of the knees twice and the first occurrence was judged to be "correct” while the
second was judged to be "incomplete” the subject was recorded as having discussed the
skill correctly as it was demonstrated that she possessed the correct knowledge of that
particular skill sub-component. Similarly, if an “incorrect” assessment was made along
with an "incomplete” assessment the subject was recorded as having discussed the skill
incorrectly as it was demonstrated that she possessed incorrect knowledge of that
particular skill sub-component. Therefore, any combination of a correct and incom piete

assessment was recorded as correct, and any combination of an incorrect and incomplete
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assessment was recorded as incorrect. If a subject was seen to have discussed a specific
skill sub-component repeatedly and was assessed as having discussed it both correctly and
incorrectly the subject was recorded as having discussed that sub-component incorrectly,
as the conflicting verbalizations demonstrated an incorrect understanding of that
particular skill sub-component. Coding the conflicting verbalizations in this manner
resulted in our obtaining more conservative results.

The data, as originaily recorded, was then collapsed wittun groups indicating the
number of "correct”, "incorrect", "incomplete”, and "omitted” verbalizations. Initial
observation of this data indicated that group differences may have been present with
respect to both the quality and quantity of the instructional information presented.
However, there were a relatively large number of empty cells, meaning that a number of
subjects failed to discuss all of the skill sub-components when providing their verbal
instruction. Therefore, in an attempt to enrich the analyses the data was collapsed further
within each of the three skill sub-components. With respect to the spatial skill sub-
components, the coded verbalizations that addressed similar areas of the body were
collapsed into three segments. These three segments were: (a) the legs, including the feet
(SSC1) and knees (SSC2); (b) the upper body, including the waist (SSC3), back (SSC4),
shoulders (S5C5), and head (SSC6); and (c) the arm, including the elbow (SSC7), wrist
(SSCB), fingers (SSC9), and hand (SSC10).

With respect to the technical skill sub-components, the coded verbaiizations that
addressed the necessary technique for performance were collapsed into three temporal

segments, each representative of a different stage in the execution of the foul shot. These
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three segments were: (a) the setup, including weight (TSC1), alignment (TSC2), ritual
(TSC6), ball position (TSC10), approach (TSC]1 1), and aim (TSC8): (b) the e¢xccution,
including extension (TSC7), release (TSC3), follow-through (TSC4), and flight of the ball
(TSCS); and (c¢) information, including technical information (TSC9).

The categories within the mental skill sub-components were collapsed into onc
segment. This segment was labelled mental and included focus/concentration (MSC1),
visualization (MSC2), and feel/rclaxation (MSC3).

To further refine the analyses, the counts obtained for the verbalizations assessed
as being incorrect and incomplete were combined. It was reasoned that the sub-
components originally assessed as being incomplete closely approximated thosc sub-
components assessed as being incorrect, and in fact were representative of incorrect
responses. This reasoning was derived from what is commonly practised in the ficld of
cognitive test construction where multiple choice tests are used to assess an individuals
knowledge base. The responses provided within multiple choice tests are often
representative of varying degrees of "correctness". That is, the respondent is asked (o
select the response that is most correct, with all other responses being judged incorrect.
The aﬁplication of this reasoning to Task one performance resulted in an incomplete, or
neutral response, being coded as an incorrect response. The raw data, representative of
the collapsed SSC, TSC, and MSC verbal protocol data, for each subject within Groups
one and two can be found in Appendix F in Tables F1, F2, and F3 respectively.

The data obtained at Task one were ultimately represented as the observed

frequencies of the coded verbalizations at each of the three collapsed skill sub-component
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segments. With respect to the collapsed spatial skill sub-component data the observed
frequencics were arranged within a three dimgnsiona] 3X3X2(8SCXQAVXGP)
contingency lable. The observed frequencies representative of the collapsed technical skill
sub-component data were also arranged in a three dimensional 3 X 3 X 2 (TSC X QAV X
GP) contingency table.

The data contained within both contingency tables were next analysed using logit-
linear analyses. This method of analysis is appropriate for use when one wishes to
determine if there are group differences in the pattemn of responding to two or more
qualitative variables (Kennedy, 1983).

In brief, the logit linear method of analysis is an extension of the 2 X 2 traditional
chi-square for more complex contingency tables. This method of analysis allows the
researcher 1o set one variable as the dependent measure. The dependent variable measured
within Task one was the Quality Assessment Value (QAV) frequency count,
representative of the number of times the various skill sub-components were verbalized
correctly, incorrectly, or were omitted. The independent variables were group, collapsed
technical skill sub-components, and collapsed spatial skill subcomponents. Within a logit-
linear analysis the main effect of any independent variable actually represents an
interaction with the dependent variable (Baker, 1981). Bock's approach (Bock, 1975,
chap. 8) was used to obtain the most parsimonious logit-linear model. This approach used
a nested hierarchical model, meaning that all lower associations nested within the model
were included. Parsimony under Bock's approach was also obtained by building the model

in a forward stepwise manner. Forward model-building started with simple main effects
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and more complex associations were added until a hierarchical model was found to he
significant. The overall evaluation of the model was made using the likelihood-ratio chi-
square (L?) statistic. This first use of the likelihood-ratio was referred to as a "goodness of
fit" or "residual” chi-square test (Kennedy, 1983). These residual chi-square tests assessed
the extent of agreement between cell frequencies that were observed and those issued by a
model. Within the logit-linear analysis this statistic functioned as a stop rule, which
indicated when there was enough information to sufficiently explain the observed
frequencies. A model with a p-value greater than or equal to .15 was considered adequate,
In this case a p-value greater than or equal to .15 indicated that the residuals (i.c., parts
not explained by the model) were not significant, or in other words, that the suggested
model fit the data very well. The strategy behind this kind of modelling was to find the
simplest model that explained the observed frequencies. This ultimately provided an idca
as to how the observed frequencies could be summarized.

The likelihood-ratio L statistic was next used to make comparisons of the models
in pairs. Because the likelihood-ratio L? possesses additive properties, the arithmetic
difference between the residual L? statistics of two models was tested for statistical
significance to determine if the more parsimonious member of the pair fit the data
significantly better then the less parsimonious member of the pair (Kennedy, 1983). Tais
approach was used in this study to yield simple models that did not overfit the data. In
summary, the logit linear analysis was performed in the following three steps. First, lower
associations were added into the model until the model fit (i.c., p > .15). This process

consisted of adding main effects first, two-way interactions second, and the threc-way
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intcractions last. Second, the independent effect of the new component added to the model
was assessed using a chi-square test of difference. Third, the model was simplified by
keeping only lower nested associations for the effect that was deemed to make the model
fit at a p-value > .15. For example, if a two-way interaction (GP X SSC) was deemed
adequate to make the model fit (i.e., a p-value > .15) the complete model would need to
include all lower associations (i.e., GP and SSC). In this situation it would be
inappropriate (o include the QAV main effect in the model as this is not nested within the
interaction, unless the main effect significantly contributed to making the model fit (i.e., p-
value > .15).

The observed frequencies representativé of the collapsed Mental Skill sub-
Component data were arranged within a 1X2 (MSC X GP) contingency table. As log-
linear methods are not appropriate for use in the analysis of two dimensional contingency
tables the collapsed Mental Skill sub-Componént data was analysed using more traditional
ANOVA procedures.

Task Two -Talk Aloud While Performing. The initial step in the preparation of the
data at Task two consisted of recording the coded verbal and visnal protocols for each
subject. A ccunt was recorded regarding the number of times each sub-component, and its
corresponding QAYV was coded during Task two performance. Coding the visual
protocols on the same shot attempt where the verbal protocol data was collected allowed
for the later comparison between what was said to what was actually done.

Recall that none of the mental skill sub-components could be coded during the

data collection phase at Task two as their presence was impossible to infer simply through
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the abservation of physical skill performance. As a result, the coded verbal protocols that
addressed the mental skill sub-components at Task two were not recorded during the data
preparation phase as comparisons could not be made with their visual protocol
counterparts. Similarly, those coded verbal protocols (SSC3, S8C4, SSC5, SSC6, SSC8,
SSC8, TSC1, TSC2, TSCS, TSCS, and TSC9) whose visual protocol counterparts could
not be recorded and coded as a result of equipment limitations were also not recorded
during the data collection phase at Task two. The verbal and visual protocol data that was
ccollected was collapsed across the 10 shots for each subject, respectively indicating the
number of correct and incorrect verbalizations and actions produced.

The next step in the preparation of the data for analysis consisted of collapsing the
recorded skill sub-component data within each of the spatial and technical skill sub-
components. With respect to the spatial skill sub-components, the coded verhalizations
and actions that addressed similar areas of the body were collapsed into two segments.
These two segments were: (a) the legs, including the feet (SSC1) and the knees (S8C2);
and (b) the arm, including the elbow (SS8C7), and the hand (SSC10). With respect to the
technical skill sub-components, the coded verbalizations and actions that addressed the
technique necessary for performance were collapsed into two temporal segments, each
representative of a different stage in the execution of the foul shot. These two segments
were: (a) the set-up, including the ritual (TSC6), the approach (TSC11), and ball position
(TSC10); and (b} the shot, including the release (TSC3), the follow-through (TSC4), and
the extension (TSC7). Tables F4 and F5, in Appendix F, present the collapsed spatial skill

sub-component and technical skill sub-component verbal and visual protocol data for
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Group one and Group two respectively.

The data obtained at Task two were ultimatcly represented as the observed
frequency of the coded verbal and visual protocols at the collapsed spatial and technical
skill sub-component segments legs, arm, shot, and set-up. These data were analysed in
two distinct ways. First, a series of ANOVA’s were performed in an attempt to identify
possible group differences with respect to the coded correct and incorrect verbalizations
and actions at each of the collapsed spatial and technical skill sub-component segments for
both the verbal and visual protocol data respectively. Second, Pearson Product Moment
correlations were computed to identify possible relationships between (a) the verbal and
visual protocol data for groups Onc and Two combined, (b) the verbal and visual protocol
data for Group One subjects, and (c) the verbal and visual protocol data for Group Two
subjects.

Task Three - Predicted Performance. The preparation of the data at Task three
involved recording the following information for each subject; (a) the number of
successful shots, (b) the number of shots predicted as successful, (¢) the number of shots
correctly predicted as successful, (d) the number of shots predicted as unsuccessful, (e)
the number of shots correctly predicted as unsuccessful, (f) the total number of shots
correctly predicted, and (g) a count of the number of times cach reasoning sub-component
(SS8C, TSC, KR, OR) was coded during each subject’s attempt to explain their predictions
(See Tables F6 and F7 in Appendix F).

The data were then collapsed across subjects, within group, so that betweén group

comparisons could be easily made. The data were analysed using a series of ANOVA's in
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an attempt to identify any group differences with respect to the predictions made and the

corresponding explanations.
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CHAPTER 1V
RESULTS
This chapter presents the resuits of the analyses performed on the protocol data
collected within this investigation. The results are presented in such a way that they relate
to both the primary research objective and the specific research hypothesis tested at each
task. The primary objective of this investigation was to examine expert-novice differences
In metacognitive knpwledgc about action and metacognitive skill functioning, both as they
relate to performance of the basketball foul shot.
The rescarch hypothesis tested within this investigation was stated as follows:

The level of metacognitive knowledge about action and

metacognitive skill possessed by an individual is a function

of the level of expertise, relative to the performance of that

acuon, of that individual.
Each of the threc tasks developed for use in this investigation tested this hypothesis in a
diffcrent way. Task one sought to identify group differences in the declarative component
of metacognitive 'knowledge about action through the collection and comparison of
instructional verbal protocols. Task two sought to identify both between group differences
and the within group relationship between one's actions and the correspending verbal
description of ihose actions through the collection and comparison of verbal and visual
protocols. It was believed that such a comparison would serve to identify group
differences in the procedural component of metacognitive knowledge about action.
Finally, Task three sought to identify group differences in metacognitive skill functioning

as determined through each subject’s ability to monitor her performance, predict

performance outcomes, and justify or explain the predictions made. The results obtained
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during the performance of cach task are prescnted in turn.
Task One - Verbal Instruction

Recall that the effects of the independent variables (group, collapscd technical skill
sub-components, and collapsed spatial skill sub-components) within Task one were
analysed using logit-lin=~~ znalyses. A logit-linear analysis is a log-linear analysis with one
variable specified as the dependent variable. As stated previously, the dependent variable
measured within Task one was the QAV (Quality Assessment Value) frequency count,
representative of the number of times the various skill sub-components were verbalized
correctly, incorrectly, or were omitted. As they relate to the collapsed spatial skill sub-
component segments, the QAV frequency measures collected during Task onc
performance are presented in Table 5.

The results of the logit-linear analysis for the collapsed spatial skill sub-component
data (see Table 6) indicated that model six nrovided the best fit for the observed data (L’
(0) = 0.0, p = 1.00). Although the chi-square test of difference at model five indicated that
adding the SSC X QAYV interaction significantly improved the model (L* (4) = 66.3, p <
.05) it was not enough to explain all of the observed frequencics as indicated by the
residual L* test. Rather, the residual L? test indicated that the addition of the threc-way
(8S8C X QAV X GP) interaction, within modg:l six, was needed to explain the observed
frequencies. This, despite the fact that the chi-square test of difference at model six
indicated that this three-way interaction was not significant (L* (4) = 7.89, p > .03),
meaning that it did not significantly improve the model. However, the chi-square test of

difference at model six was deemed borderline indicating that, although not found to
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Observed QAV Frequencics by Collapsed Spatial Skill sub-Component Segment and

Group at Task Onc

Collapsed Group

Spatial Skiil Quality (GP)
Spatial Skill sub-Coinponent  Assessment
sub-Components Segments Value One Twao

(SSC)? (QAV) B, B,
SSC| C, Correct (3) 25 24
$SC2 A, Legs C, Incorrect (1) 8 2

C, Omitted (0) 15 22

S§SC3 C, Correct (3) 4 5
SSC4 o C, Incorrect (D 0 0
SSC5 Az Upper-Body C, Omitted © 44 43
S8C6
SSC7 C, Correct 3 24 19
SSC8 C, Incorrect () I 5
$5C9 A;  Am C,Omited  (0) 23 24
SSC10

*SSC, QAV, GP) represent the variable names used in analysis

®(A,.5 By C,.;) represent the different levels at each variable
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Summary of the Lorit-Linear Analysis for the Data Presented in Table 6 (Collapsed

Spatial Skill sub-Component Data)

Residual Chi-Square
1cst

Chi-Square Test of
Differences

Model and Design L' df p* L d p
(1) SSC & QAV 7496 13 <05
model | - model 2
(2) 85C & QAV & GP 7496 13 <05 (.00 1 >.05
model 2 - model 3
(3)SSC& QAV&GP&SSCXGP 7495 10 <05 0.01 2 >05
model 3 - model 4
()SSC&QAVE&GP&SSCXGP 7419 8 <05 076 2 >.05
& QAV X GP
' model 4 - mode] §
(5)SSC& QAV &GP &SSCXGP  7.89 4 096 6633 4 <05*
& QAV X GP & SSC X QAV
model 5 - model 6
(6)SSC& QAV &GP &SSCXGP  0.00 0 1.00** 789 4 >.05

& QAV X GP & SSC X QAV
& SSCX QAVX GP

a (critical value o = .15}

** significant at p-value > .15

b (critical value ¢ = .05)

* significant at p-valve < .05
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significantly improve the model. this three-way interaction was needed to adequately
explain the observed frequencies. In fact, all of the main effects and interactions contained
within model six were needed to explain the observed frequencies. Hence, model six is
termed a saturated model as it included all possible combinations of the explanatory
variables. Within the saturated model all expected frequencies were completely determined
by the ohserved frequencies. The restricted models (models one through five) were unable
to fit the observed data adequately, therefore, all atiempts to advance a parsimonious
explanation had to be abandoned and the saturated mode! (model six) interpreted.

Because the analysis at Task one was an asymmetrical inquiry, the selection of the
saturated model meant that effects existed for all levels of the explanatory variables -
Group one subjects and Group two subjects did not respond similarly on the response
variable across the three collapsed spatial skill sub-component segments. The data
presented within Table 5 indicated that Group one subjects expressed more incorrect
verbalizations at the collapsed spatial skill sub-component segment labelled legs, while
Group two subjects were seen to omit this segment with greater frequency. With respect
to the observed frequencies at the collapsed spatial skill sub-component segment labelled
arm, Group one subjects were seen to have produced both correct verbalizations with a
greater frequency and incorrect verbalizations with a lesser frequency when compared to
those produced by Group two subjects. The frequency of the correct, incorrect, and
omitted verbalizations produced at the collapsed spatial skill sub-component segment
labelled upper body were seen to differ very little between groups. However, the

distribution of the QAV's at this segment was seen to differ from those at both the ‘arm’
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and “legs’ segments. Both groups of subjecte were seen to omit instruction related to the
scgment labeiled upper body with far greater frequency than at the other two collapsed
segments. The distribution of the QAV's at both the “legs” and “arm’ segments were seen
lo be more equally divided between the correct and omitted response categories for both
groups of subjects.

With respect to :he collapsed technical skill sub-component segments, the QAV
frequency mcasures obtained during Task one performance are presented in Table 7.
The results of the logit-linear analysis performed on the data contained within Table 7
indicated that model five (se~ Table 8) fit the observed data best. The residual L test,
which functioned as the STOP rule, indicated that model five explained the observed
frequencies significandy betier (L? (4) = 1.02, p = .91) than did the more restricted
models that came before it. The chi-square test of difference at model five indicated that
adding the TSC X QAV interaction significantly improved the model (L? (4) = 18.66, p<
[05) and therefore, was the only important interaction. This result suggested that a simpler
model would best explain the frequencies observed for the collapsed technical skill sub-
component data. This simpler model is presented as model seven in Table 8. The result of
the residual L* test on model seven confirmed that the TSC and QAYV main effccts, and the
TSC X QAYV interaction best explained the observed frequencies for the collapsed
trchnical skill sub-component data (L? (4) = 2.62, p=911). Likewise, the chi-square test
of difference confirmed that the TSC X AV interaction significantly improved upon
model one (L* (4) = 18.59, P <.05). The prediction from model seven was not perfect but

the amount of errors made were negligible. Therefore, there was no need to include more
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Table 7

Observed QAYV Frequencies by Collapsed Technica] Skill suf)-Component Segment and
Group at Task One

Collapsed Group
Technical Skill  Quality (GP)
Technical Skill sub-Component  Assessment
sub-Components Segments Value 0":3 Two
(TSC)* (QAY) B3, B,
TSC1
TSC2 C, Correct 3) 20 16
TSCé C, Incorrect (1) 14 14
TSC10 A, Set-up C, Omitted © 38 42
TSCl11
TSCS8
TSC? C, Correct @) 24 20
TSC3 . C,; Incorrect (D 4 8
TSC4 A, Execution C,Omitted  (0) 20 20
TSCS
. C, Correct 3 2 3
TSCO A, pommedl - Cncomect () 0 0
C; Omitted ()] 10 9

"TSC, QAV, GP) represent the variable names used in analysis

*(A,.3 B, C,.3) represent the different levels at each variable
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Table 8§

Sutnmary of the Logit-Linear Analysis for the Data Presented in Table & Collapsed

Technical Skill sub-Component Data)

Residual Chi-Square Chi-Square Test of

test Differences
Model and Design L? df p’ L? df r
(1) TSC & QAV 21.21 13 .069

model 1 - model 2

(2) TSC & QAV & GP 21.21 12 047 000 1 >.05

model 2 - model 3

B)TSC&QAV&EGP&TSCXGP 21.21 10 .020 0.00 2 >05

model 3 - model 4

() TSC&QAV&GP&TSCXGP 1968 8§ .012 1.53 2 >.05
& QAVX GP

model 4 - model 5

(5)TSC& QAV&GP&TSCXGP 102 4 90+ 18.66 4 <05+
& QAV ¥ GP & TSC X QAV

model 5 - model 6

(6) TSC& QAV&GP&TSCXGP  0.00 0 1.00%* 102 4 05
& QAV X GP & TSC X QAV
& TSC X QAV X GP

model 1 - model 7

(7) TSC & QAV & TSC X QAV 2.62 9 9T 18.59 4 <05*
(simplified for parsimony)

a (critical value o = .15) b (critical value o = .05)

** significant at p-value > .15 * significant at p-value < .05
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complicated interactions, such as those in model six, as a model was found that fit the data
well enough.

As a result of the information obtained at this analysis it was concluded that the
patterns observed in the original three dimensional contingency table (Table 7) can, in fact,
be summarized in two dimensions. As no group difference was observed the expert
(Group one) and novice (Group two) data were collapsed resulting in the creation of a
two dimensional (TSC and QAV) contingency table (see Table 9). This would result in the

-loss of some information, however, that loss would not be significant. Observation of the
data presented within Table 9 indicated that correct verbalizations were produced with
greater frequency than incorrect verbalizations at each of the three collapsed technical skill
sub-component segments. However, the frequency with which the segments labelled set-
up and technical information were omitted during instruction was greater than the
combined frequencies for the number of times that either segment was verbalized correctly
or incorrectly.

Considering next the collapsed mental skill sub-component data, recall that those
verbalizations coded as being representative of the mental aspects of skill performance
were not assigned a QAV. Rather, the presence and frequency of MSC coded
verbalizations was the measure of interest here. Observation of the data presented within
Table 10 would seem to indicate that there were no group differences with respect to the
frequency with which the mental skill sub-components were verbalized during Task one
performance. The results of the analysis of variance performed on the raw data supported

this observation. Although Group one subjects (Mean = 0.50, SD = 0.80) were seen to .



Resulls 114

Table 9

Observed QAV Frequencies by Collapsed Technical Skill sub-Component Segment at

Task One
Collapsed Quality
Technical Skill Assessment
sub-Component Value
Segments (QAYV)

- {I80) Correct (3) Incorrect (1) Omitted (0)
Set-up 36 28 -80
Execution 44 12 40
Technical 5 0 19

Information
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Observed Frequencies by Collapsed Mental Skill sub-Component Segment and Group at

Task One

Collapsed Group
Mental Skill (GP)

Mental Skill sub-Component

sub-Components Segments One Two
(TSC)* B} B,

MSCI

MSC2

MSC3 A Mental 6 4

Note. The scores for each group simply represent a summed total of the number of times

the three Mental Skill sub-Components were verbalized during instruction.

*(MSC, GP) represent the variable names used in analysis

®(A,, B,) represent the different levels at each variable
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make reference to the mental skill sub-components with slightly greater frequency than
Group two subjects (Mean = 0.33, SD = 0.65), this difference was not found to be
significant (F(1,22) = 0.314, p > .05).

Task Two - Talk Aloud While Performing

The results of the analyses of variance performed on the coded correct and
incorrect verbal protocol data at each of the collapsed spatial and technical skil-l sub-
component segments indicated that no significant differences existed between Group onc
and Group two at any segment (see Table 11). However, observation of the data indicated
that, on average, both groups of subjects were correct (Mean = 4.60) more often than
incorrect (Mean = 0.37) with respect to their description of the various skill sub-
components.

The results of the analyses of variance performed on the coded correct and
incorrect visual protocol data at each of the collapsed spatial and technical skill sub-
component segments for Group one and Group two (see Table 12) indicated that a
number of significant group differences were present. Group one subjects were seen (o
perform significantly better than Group two subjects with respect to the correct
performance of those actions associated with the collapsed skill sub-component segments
labelled legs (F(1,22) = 14.68, p < .05), shot (F(1,22) = 19.70, p < .05), and set-up
(F(1,22) = 11.93, p <.05). This meant that those individuals labelled as expert (Group
one) performed the constituent skill sub-components of foul shooting significantly better
than their novice (Group two) counterparts. Although not a significant difference (F(1,22)

= 3.05, p=.09), Group one subjects were also seen to correctly perform those actions
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Descriptive Statistics and the Summary of the ANOVA's Performed gn the Coded Correct

and Incorrect Verbal Protocol Data at each of the Collapsed Spatial and Technical Skill

sub-Component Segments for Group One and Group Two

Group One  Group Two
QAYV Segment ANOVA Results® Mean SD  Mean SD
Correct Legs F(1,22)=0.77,p> .05 583 547 825 785
Arm F(1,22)=0.58,p> .05 233 £5.68 4.17 6.10
Shot F(1,22)=0.31,p> .05 283 £3.66 358 +2.87
Set-up F(1,22)=041,p> .05 550 +4.19 433 =474
Incorrect Legs F(1,22)=0.01,p> .05 0.67 202 0.58 2202
Arm F(1,22)=1.00,p> .05 0.00 =000 0.08 +0.29
Shot F(1,22)=1.54,p> .05 0.00 =0.00 042 =+1.16
Set-up F(1,22)=1.24,p> .05 0.17 039 1.00 =+2.56

* critical value a = .05
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Descriptive Statistics and the Summary of the ANOVA's Performed on the Coded Correct
and Incorrect Visual Protocol Data at each of the Collapsed Spatial and Technical Skil)

sub-Component Segments for Group One and Group Two

Group One  Group Two

QAV Segment ANOVA Results® Mean SD  Mean SD
Correct Legs F(1,22)=14.68, p< .05% 3533 27.00 23.08 859
Am F(1,22)=3.05, p=.09 20,00 +0.00 16.92 =6.11
Shot F(1,22)=19.70, p< .05%  29.58 20.90 15.67 =+10.82

Set-up F(1,22)=11.93,p<.05* 2875 %299 2275 +522

Incorrect Legs F(1,22) = 14.68,p< .05* 467 £7.00 1692 859
Am F(1,22)=3.05, p=.09 0.00 +0.00 3.08 =6.11
Shot F(1,22)=19.70,p< .05* 042 090 14.33 +10.82
Set-up F(1,22)=11.93,p< .05* 1.25 299 7.25 522

* critical value o = .05

* significant at the .05 level
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associated with the collapsed spatial skill sub-component segment arm more frequently
than Group two subjects.

The results of the analyses of variance examining the coded incorrect visual
protocol data for Groups one and two mirrored the results of the previous series of
analyses. As one would expect, since Group one subjects were seen to perform the coded
actions correctlv to a significantly greater extent than Group two subjects, Group two
subjects performed the coded actions incorrectly to a significantly greater extent than
Group one subjects. The actions associated with the collapsed skill sub-component
segments labelled legs (F(1,22) = 14.68, p < .05), shot (F(1,22) = 19.70, p<.05), and
set-up (F(1,22) = 11.93, p < .05) were performed incorrectly by Group two subjects
significantly more often than they were by Group one subjects. Again mirroring the earlier
result, Group two subjects were seen to incorrectly perform those actions associated with
the collapsed spatial skill sub-component segment arm more frequently, though not
significantly so, than Group one subjects. These results served to further reinforce the
carlier relative classification of the Group one subjects as experts and Group two subjects
as novices.

The resuits of the Pearson Product Moment correlations performed at each of the
collapsed spatial and technical skill sub-component segments indicated that there were few
significant associations between the coded verbal and visual protocol data. Examination of
the protocol data collapsed across groups indicated that no significant correlations existed
between any of the coded verbal and visual protocols. All of the correlation coefficients

obtained within this first analysis were less than 0.25. When examining only those scores
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representative of Group two subject’s performance, similar results were found. There
were no significant correlations between any of the coded verbal and visual protocols for
Group two subjects. Again, all but one of the correlation coefficicnts were less than .25,
Analysis of those scores representative of Group one subject’s performance yiclded a
significant relationship (r = .58, p <.05) between those verbal and visual protocols coded
as correct at the collapsed technical skill sub-component segment set-up. This was the
only significant correlation observed for Group one subjects.
Task Three - Predicted Performance

The resuits of the analyses of variance performed on the data obtained at Task
three indicated that a number of significant group differences were present (sce Table 13).
As one may have expected, Group one subjects (Mean = 7.5, SD = 1.78) were scen to
have made significantly (F(1,22) = 61.73, R <.01) more baskets than Group two subjects
(Mean = 1.83, SD = 1.75). The analyses performed on the shot prediction data resulted in
the identification of similar group differences. Analysis of the total number of correct
predictions made, combining correct predictions regarding the successful and unsuccessful
completion of shot attempts, indicated that Group one subjects were significanty (F(1,22)
=23.20, p < .01) more accurate than Group two subjects with respect to their ability to
predict the putcome of the attempted shots. On average, Group one subjects were seen (o
correctly predict the results of the attempted foul shots 7.8 times (SD = 1.3} out of 10
while Group two subjects were seen to correctly predict the results of the attempted foul

shots only 5.0 times (SD = 1.5) out of 10, representative of performance at a chance level.
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Table 13

Descriptive Statistics and the Summary of the ANOVA's Performed on the Shot

Prediction Data Obtained at Task Three for Group One and Group Two

Group One Group Two
Variable ANOVA Results® Mean SD Mean SD
Shots Made F(1,22)=61.73, p < .01* 7.50 =x1.78 1.83 =175
Shots Predicted
as Successful F(1,22)=13.05,p< .01* 825 142 6.17 =140
Shots Correctly
Predicted as
Successful F(1,22)=57.52,p< .01* 675 =191 1.50 =145
Shots Predicted
as Unsuccessful F(1,22)=13.05,p< .01* 1.75 =1.42 383 =140
Shots Correctly
Predicted as
Unsuccessful F(1,22)=17.55,p<.01* 108 =+1.24 3.50 =1.57
Correct % F(1,22)=23.20,p<.01* 78.33 %1337 50.00 =+15.37

® critical value ¢ = .01

* significant at the .01 level
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Examination of the frequency with which each group of subjects specifically
predicted shot attempts as successful or unsuccessful yielded some interesting results (Sce
Table 13). Group one subjects were seen to predict shots as successful with a significantly
(F(1,22) = 13.05, p < .01) greater frequency than Group two subjects. On average, Group
one subjects predicted that 8.25 (SD = 1.42) of the 10 shots attempted would be
successful while Group two subjects predicted that only 6.17 (SD = 1.4) of the 10 shots
attempted would be successful. Analysis of only those shots that were correctly predicied
as successful indicated that significant (F(1,22) = 57.52, p <.01) group differences were
again present. On average, Group one subjects correctly predicted 6.75 (SD = 1.91) shat
attempts as successful while Group two subjects correctly predicted 1.5 (SD = 1.45) shot
attempts as successful. This data clearly indicates that significant prediction differences
existed between groups with respect to those shots predicted as successful and thosc
correctly predicted as successful. However, these differences provided no indication as to
which group was most accurate in making predictions with respect to the success of the
shots attempted. To obtain this information the ratio of "shots correctly predicted as
successful” to "shots predicted as successful” had (o be calculated for cach group (sce
Table 14). Group one subjects were found to correctly predicl shots as successful 81.8%
(81/99 - 100 = 81.8 %) of the time while Group two subjects were only able to correctly
predict shots as successful 24.3% (18/74 - 100 = 24.3%) of the time.

Analysis cf those shots predicted as unsuccessful yielded results that countered
those for the shots predicted as successful (See Table 13). Group two subjects were seen

to predict shots as unsuccessful with a significantly (F(1,22) = 13.05, p < .01) greater
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Table 14

Summarized Performance Data for Groups One and Two at Task Three

Group One Group Two
Variable Total (%) Mean SD Total (%) Mean SD
Shots Made (/120) 90 (75.0%) 7.50 1.78 22 (183%) 1.83 1.75
Shots Predicted
as Successful 99 (82.5%) 825 1.42 74 (61.7%) 6.17 1.40
Shots Correctly
Predicted as
Successful 81 81.8%) 675 1.91 18 (24.3%) 150 1.45
Shots Predicted
as Unsuccessful 21 (17.5%) 175 142 46 (38.3%) 3.83 1.40
Shots Correctly
Predicted as
Unsuccessful 13(61.9%) 1.08 1.24 42 (913%) 350 1.57
Correct Predictions 94 (78.3%) 7.83 1.34 60 (50.0%) 5.0 1.54
Coded Explanations
S8C 11 (6.8%% 092 1.88 2 (1.3%") 0.17 0.39
TSC 78 (47.8%) 6.50 2.65 73(48.0%) 5.58 3.15
KR 53(325%) 442 254 53 (34.9%) 425 293
OR  21(129%) 1.75 222 24 (15.8%) 258 2.71

* For Group One: /163 total explanations

® For Group Two: /152 total explanations
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frequency than Group one subjects. On average. Group two subjects predicted that 3.83
(SD = 1.40) of the 10 shots attempted would be unsuccessful while Group one subjects
predided that only 1.75 (SD = 1.42) of the 10 shots atempted would be unsuccesstul.
Analysis of only those shots that were correctly predicted as unsuccessful indicated that
significant (F(1,22) = 17.55, p < .01) group differences were again present. On average.
Group two subjects correctly predicted 3.50 (SD = 1.57) shot attempts as unsuccessful
while Group one subjects correctly predicted 1.08 (SD = 1.24) shot attempts as
unsuccessful. Much like the data representative of those shots predicted as successful, this
data clearly indicated that significant prediction differences existed between groups with
respect to those shots predicied as unsuccessful and those correctly predicted as
unsuccessful. However, these differences agaiﬁ provided no indication as 10 which group
Wwas most accurate in making predictions with respect to the lack of success of the shots
attempted. To obtain this information the ratio of "shots correctly predicted as
unsuccessful” to "shots predicted as unsuccessful” had to be calculated for cach group (sce
Table 14). Group two subjects were found to correctly predict shots as unsuccessful
91.3% (42/46 - 100 = 91.3%) of t5¢ time while Group one subjects correctly predict shots
as unsuccessful 61.9% (13/21 - 100 = 61.9%) of the time.

Having noted between group differences with respect 10 the predictions presented
at Task three, as well as the accuracy of those predictions, the explanations presented in
support of the predictions were analyzed next. Recall that the verbalizations offered in
explanation of each prediction were coded as either §S8C, TSC, KR, or OR. The results of

the analyses of variance performed on the coded explanations indicated that no significant
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Table 15

Descriptive Statistics and the Summary of the ANOVA's Performed on the Coded
Explanation Data Obtained at Task Three for Group One and Group Two

Group One Group Two
Variable ANOVA Results* Mean SD Mean SD
Spatial Skill
Component F(1,22)Y=1.83,p> .05 092 =188 0.17 +0.39
Technical Skill
Component F(1,22)=0.60,p > .05 6.50 *2.65 5.58 =315
Kinaesthetic
Reasoning F(1,22)=0.02,p > .05 4.42 £2.54 425 293
Other Reasoning F(1,22)=0.68,p>.05 1.75 =222 2,58 =271

*critical value o = .05
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group differences were present with respect to the explanations offered (sec Table 15).
On average, Group one and Group two subjects were seen to utilize all four of the coded
explanation categories with similar frequencies.

It was believed, however, that some information may have been lost when the
coded explanation data for the shots predicted as successful were combined with the data
for those shots éredicted as unsuccessful. Therefore, a series of analyses of variance were
executed in an attempt to determine if group differences did indeed exist with respect to
the explanations offered when a shot was predicted as successful versus when it was
predicted to be unsuccessful. The results of the anatyses of variance performed on the
coded explanations for those shots predicted as successful indicated that no significant
group differences were present (See Table 16). The subjects with Group one and Group
two were seen to utilize all four of the coded explanation categories with similar
frequencies when attempting to explain the shots they predicted as being successful.

The results of the analyses of variance performed on the coded explanations for
those shots predicted as unsuccessful indicated that Group two subjects differed
significandy (F(1,22) = 8.29, p < .05) from Group one subjects with respect to the usc of
the coded explanation category OR (See Table 17). Group two subjects were seen to usc
the Other Reasoning (OR) category to explain their shots predicted as unsuccessful 23 %

of the time, compared to only 4 % for Group one subjects.
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Descriptive Statistics and Summary of the ANOVA's Performed on the Coded

Explanation Data Obtained for the Shots Predicted as Successful at Task Three for Group

One and Group Two

Group One Group Two
Variable* ANOVA Results” Mean SD Mean SD
SUCTSC F(1,22)=033, p> .05 0.63 028 0.56 =037
SUCSSC F(1,22)=1.75, p> .05 0.09 +0.18 001 =0.05
SUCKR F(1,22)=043, p> .05 0.46 +0.26 0.54 0.36
SUCOR F(1,22)=0.003,p > .05 0.19 +0.23 0.18 =027
*SUCTSC = number of shots predicted as successful and explained using TSC divided
by the number of shots predicted as successful
SUCSSC = number of shots predicted as successful and explained using SSC divided
by the number of shots predicted as successful
SUCKR = number of shots predicted as successful and explained using KR divided by
the number of shots predicted as successful
SUCOR = number of shots predicted as successful and explained using OR divided by

the number of shots predicted as successful

® critical value o = .05



Table 17

Descriptive Statistics and Summary of the ANOVA's Performed on the Coded
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Explanation Data Obtained for the Shots Predicted as Unsuccessful at Task Three for

Group One and Group Two

Group One Group Two
Variable® ANOVA Results® Mean SD Mean SD
UNSUCTSC F(1,22)=1.24,p> .05 0.50 =048 0.68 +0.27
UNSUCSSC F(1,22)=1.39,p> .05 0.10 +0.23 0.02 =+0.06
UNSUCKR F(1,22)=0.22,p > .05 0.33 =044 0.26 =027
UNSUCOR F(1, 22) =8.29, p < .05* 0.04 =+0.14 0.23  +0.17

* significant at the .05

*UNSUCTSC =

UNSUCSSC =

UNSUCKR =

UNSUCOR =

b critical value ¢ = .05

level

number of shots predicted as unsuccessful and explained using TSC
divided by the number of shots predicted as unsuccessful

number of shots predicted as unsuccessful and explained using SSC
divided by the number of shots predicted as unsuccessful

number of shots predicted as unsuccessful and explained using KR
divided by the number of shots predicted as unsuccessful

number of shots predicted as unsuccessful and explained using OR
divided by the number of shots predicted as unsuccessful
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Chapter V
Discussion

The fundamental objective of this inv’estigation was 10 examine expert-novice
differences in metacognitive knowledge about action and metacognitive skill functioning.
Specifically, this investigation sought to determine whether a group of individuals
identified as being representative of ‘expert’ level performers within the sport of basketball
would exhibit superior levels of metacognitive knowledge about action and superior
-metacognitive skill functioning, both as they relate to performance of the basketball foul
shot, when compared to a group of individuals identified as being representative of
‘novice’ level performers. The results obtained at each of the three tasks utilized in this
investigation provided differing levels of support for the existence of expert-novice
differences with respect to both metacognitive knowledge about action and metacognitive
skill. The discussion presented within this chapter individually addresses the results
obtained at each of the three tasks, illustrating how each provided support for the
hypothesis tested within this investigation.
Task One - Verbal Instruction

Recall that Task one sought to identify group differences in the declarative
component of metacognitive knowledge about action through the collection and
comparison of instructional verbal protocols.

The results of the logit-linear analyses performed on the verbal protocol data
collected at Task one provided varying degrees of support for the research hypothesis and

its application to this task. With respect to the collapsed spatial skill sub-component
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segments, Group one subjects exhibited a greater awareness of those spatial skill sub-
components collapsed within the segment labelled legs. This enhanced awarencss was
illustrated by the fact that Group one subjects addressed this collapsed segment more
frequently than did Group two subjects. Group one subjects omitted instruction at this
collapsed segment less frequently than Group two subjects, however, they were also scen
to provide incorrect instruction with greater frequency than Group two subjects. While the
instr-uction was coded as incorrect more often for Group one subjects it did indicate that
these subjects were aware of the importance of positioning the ‘legs’ during foul shot
performance. It is important to remember that Group one subjects did provide correct
instruction at this collapsed segment with far greater frequency than they provided
incorrect instruction. The fact remains that, in total, Group one subjects addressed this
collapsed segment more frequently than did Group two subjects.

Group one subjects were also found to possess more accurate declarative
representations of those spatial skill sub-components collapsed within the segment labelled
arm. Recall that Group one subjects correctly described the positioning required at the
‘arm’ with greater frequency than did Group two subjects and were also seen to have
incorrectly described positioning at this segment less frequently than Group two subjects.
When combined, these results suggested that specific to the spatial skill sub-components,
collapsed within the segments labelled arm and legs, Group one subjects possessed slightly
greater levels of declarative knowledge about action as well as a greater awareness of this
knowledge. The fact that there were no group differences with respect to the verbal

instructions offered in support of the spatial skill sub-components collapsed within the
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segment labelled upper-body and that both groups were seen to omit instruction here with
great frequency suggested that perhaps movement at the ‘legs’ and ‘arm’ were perceived
as most important to skill execution.

The results of the logit-linear analysis performed on the collapsed technical skill
sub-component segments did not serve to identify any differences with respect to the level
of declarative knowledge about action possessed by Group one and Group two subjects.
In fact, the analysis performed on the collapsed technical skill data found that the variable
‘Group did not significantly contribute to the observed verbalization frequencies.

The results of the logit-linear analyses performed on both the collapsed spatial and
technical skill protocol data, though not having provided overwhelming support for the
research hypothesis as it was applied to Task one, were not that surprising when the
nature of the sample and the skill selected for study were considered. Again, recall that
Task one sought to identify group differences in the declarative component of
metacognitive knowledge about action through the collection and comparison of
instructional verbal protocols. As foul shooting may be considered a relatively static skill
when compared to others within the sport of basketball and operates in a successive to
simultaneous manner, this skill may be easily represented as a set of simple declarative
facts within an associative network model. When combined with the fact that the subjects
selected to participate in this investigation were not reflective of the true novice - true
expert dichotomy that is often employed in research of this nature, rather they were more
reflective of intermediate levels of expertise, one begins to understand why group

differences in the declarative representations of knowledge may not have been that
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exaggerated. Recall that within Anderson’s (1982) description of his three stage model of
learning that the first stage (i.e., the declarative stage) entailed receiving and encoding
information as a set of facts about how to perform a skill. When performing a task, an
individual at this stage was said to have continually accessed this declaratively represented
knowledge. With continued experience performance was believed to become relatively
automatic and conscious access 1o the earlier representations about how to perform the
skill was said to be lost.

It is suggested that, within this investigation, Group two subjects may not yet have
automatized their skilled performance to the degree that conscious access to their earlier
representations of skilled performance would have been restricted. Group one subjects, on
the other hand, were believed to have maintained access to the early declarative
representations of foul shot performance as the relatively static nature of this skill, at best,
welcomes conscious involvement in its execution and, at worst, does not restrict it.
Therefore, the degree to which Group two subjects had not yet automatized their skilled
performance and the degree to which the skill itself allowed Group one subjects to
maintain conscious access to the declarative representations of its execution may have
ensured that the protocols collected at Task one be relatively similar. Any differences that
were observed that favoured Group one subjects would then suggest that these individuals
possessed greater levels of ~wareness of declarative knowledge about action specific to
that skill sub-component segment.

The analysis performed on the collapsed mental skill sub-component data also

indicated that there were no significant group differences with respect to the frequency
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with which the mental skill sub-components were verbalized. It was possible to interpret
this result in one of two ways. As both groups were found to make reference to the mental
skill sub-components with a relatively low frequency this may have suggested that
instruction at this specific collapsed skill sub-component segment may not have been
deemed appropriate for mclu;ion when instructing a true novice learner. One may also
interpret these results to suggest that both groups simply lacked knowledge of the
collapsed mental skill sub-components. However, as both groups of subjects were seen to
discuss the mental aspects of performance, though with a relatively low frequency, it was
suggested that these individuals chose not to emphasize this aspect of performance when
instructing the true novice learner.

The collection and comparison of instructional verbal protocols at Task one
suggested that Group one and Group two subjects were similar with respect to the
declarative component of metacognitive knowledge about action possessed by each. At
only a few skill sub-component segments was evidence presented that supported Group
one subjects as possessing greater levels of knowledge and awareness with respect to the
declarative component of metacognitive knowledge about action. Therefore, with respect
to the research hypothesis and its application at Task one, the level of expertise -- as
defined in this investigation -- was seen to contribute only minimally to the assessed levels
of metacognitive knowledge about action.

Task Two - Talk Aloud While Performing
Recall that Task two sought to identify the within group relationship between

one’s actions and the corresponding verbal descriptions of those actions through the
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collection and comparison of verbal and visual protocols. As stated within chapter four, it
was believed that such a comparison would serve to identify group differences in the
procedural component of metacognitive knowledge about action.

Initial observation of the results of the analyses of variance performed on the
coded correct and incorrect verbal protocol data at each of the collapsed spatial and
technical skill sub-component segments suggested that Group one and Group two subjects
were in possession of similar levels of procedural knowledge about action. There were no
significant differences with respect to the number of coded correct or incorrect
verbalizations made by either group. At the same time, both groups were seen to make
more correct verbalizations than incorrect. This latter point suggested that the procedural
knowledge about action possessed by both groups was in fact appropriate for, or
representative of, the correct execution of the foul shot. In other words, based upon the
contents of the collected verbal protocols, both groups of subjects were describing their
physical performance as correct in relation to the documented procedures for correctly
executing the skill of foul shooting. For example, subject two within Group one correctly
described one element of the follow through (i.e., TSC4) during her fourth shot auempt
when she stated,

“...flexion at the wrist...”.

Similarly, subject eight within Group two correctly described the same element of the
follow through during her second shot attempt when she stated,

“...and I'm flicking my wrist...”.

The words used to express the actions may have differed but the content was similar.
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As the verbal component of this task necessitated that the subjects attempt to
translate both their actions and thoughts into words it was quite possible that the protocols
collected may have reflected the subjects intentions with respect to movement rather than
the actual movements produced. Therefore, to gain a better understanding of the level of
procedural knowledge about action possessed by the subjects within both groups, and to
better understand their awareness of this knowledge, it was necessary to also search for
differences in the actual movements/actions produced. The coding of actual game play, if
you will recall, is also considercd an appropriate technique for measuring procedural
knowledge within the domain of sport (French & Thomas, 1987; McPherson & Thomas,
1989; Thomas & Thomas, 1994).

The results of the analyses of variance performed on the coded correct and
incorrect visual protocol data at each of the collapsed spatial and technical skill sub-
components indicated that Group one subjects performed those actions associated with
the collapsed skill sub-component segments legs, shot, and set-up, significantly better than
Group two subjects. At this point one may ask why differences would be found with
respect to physical performance of the various actions that make up each of these
coliapsed skill sub-component segments when no differences were observed when the
subjects attempted to describe thosz very same actions. As procedural knowledge about
action is believed to underlie all aspects of action inciuding both response initiation and
execution (Wall, 1986; Wall et al., 1985) it may be that the coded visual protocols
provided a more accurate representation of the procedural knowledge about action

possessed by each subject. Wall et al’s. (1985) contention that an action sequence be
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viewed as the instaniiation of procedural knowledge about action would appear 1o support
this claim.

If we consider that the verbal protocol data indicated that Group one subjects
generally provided correct descriptions of the various skill sub-components that constitute
foul shot performance while the visual protocol data indicated that these same skill sub-
components were correctly executed, this would suggest that these individuals were more
aware of the skills, hence procedures, within their possession. In other words, the
descriptions provided by subjects within Group one, with respect to their physical
performance, were congruent with their actual skilled performance suggesting that these
individuals were cognizant of their ability to perform the skill of foul shooting, It could be
said that Group one subjects “knew they knew” how to perform the skill and were able to
perform it effectively. Therefore, with respect to the procedural component of
metacognitive knowledge about action, these results suggested that subicois within Group
one possessed higher levels of this type of knowledge. The same, however, cannot be said
of Group two subjects.

Examination of the protocol data collected for Group two subjects indicated that
while their verbal descriptions of the movements produced approximated those produced
by Group One subjects their actual physical execution of those same movements differed
significantly. On average, Group two subjects performed 10.40 of the collapsed spatial
and technical skill sup-component segments incorrectly while Group one subjects were
only seen to produce 1.59 incorrect movements on average. This data would appear to

suggest that Group two subjects lacked an awareness of the skills, hence procedures,
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within their possession. The verbal descriptions provided by subjects within Group two,
with respect to their physical performance, were incongruent with their actual skilled
performance suggesting that these individuals were not fully cognizant of their ability to
perform the skill of foul shooting. To illustrate this point, recail the example presented
earlier within this discussion. Subject eight within Group two was seen to correctly
describe one element of the follow through during her attempt to translate her thoughts
and actions into words. However, analysis of the visual protocol data (i.e., her actual
performance) did not support her description as she was not seen to “flick her wrist” as
described during the shot attempt. Therefore, while Group two subjects appeared 1o
possess the correct knowledge for performing the skill of foul shooting, as evidenced by
the collected verbal protocols, they had yet to completely operationalize this knowledge
and incorporate it into their performance routine and, in fact, were not aware that they
were performing many of the skill sub-components incorrectly. Therefore, these results
were seen as having supported those obtained at Task one. It would appear that Group
two subjects were functioning within the declarative stage of leamning, as it was described
by Anderson (1982), as the comparison of their verbalizations to their actual movements
suggested that their declarative knowledge about action had not yet been translated into
its more efficient procedural form. The subjects within Group two had not yet developed
new versions of the productions necessary for skilled performance and, as a result, still
required that the domain specific declarative knowledge about action be entered into
working memory when attempting to execute the skill of foul shooting. It could be said

that Group two subjects “thought they knew” how to perform the skill yet were not able
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to perform it effectively. Therefore, with respect to the procedural component of
metacognitive knowledge about action, these results suggested that subjects within Group
two possessed lower levels of this type of knowledge. When combined, the results
obtained for both Group one and Group two subjects suggested that individuals
possessing greater levels of expertise (i.e., Group one) within a specific motor
performance domain are more likely to possess higher levels of the procedural component
of metacognitive knowledge about action

The results of the correlational analyses performed at each of the collapsed spatial
and technical skill sub-component segments provided minimal support for the existence of
a possible expertise-metacognition relationship. As was stated in the results, the only
significant correlation observed was between those verbal and visual protocols coded as
correct for Group one subjects at the collapsed technical skill sub-component segment
labelled set-up. This meant that there was a significant relationship between the
description of the actions performed during *set-up’ and the actions themselves. In other
words, at this collapsed skill sub-component, Group one subjects did as they said they
were doing, providing partial support for an expertise-metacognition relationship.

The fa.t that no significant correlations were observed between the verbal and
visual protocol data for subjects in Group two also provided partial support for the
research hypothesis. If the level of metacognitive knowledge about action possessed by an
individual is indeed a function of the level of expertise possessed by that individual onc
would have expected the novice basketball player to demonstrate a lack of awareness of

the skills within her possession. This lack of awareness would have been demonstrated by
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the absence of a significant correlation, as was noted here. The lack of any significant
relationships between the verbal and visual protocols and the differences observed in the
visual protocols when compared to subjects within Group one suggested that Group two
subjects possessed relatively low levels of the procedural component of metacognitive
knowledge about action, However, the results of the correlational analyses must be
interpreted carefully as the sample size studied was relatively modest for this type of
analysis.

Observation of the differences between groups, with respect to their ability to
translate their thoughts and actions into words, appeared to provide initial support for the
stated rescarch hypothesis. The expert subjects within Group one were found to be more
cognizant/aware of the skills within their possession when compared to the novice subjecis
within Group two, suggesting that Group one subjects possessed higher levels of the
procedural component of metacognitive knowledge about action. This may, in turn,
suggest that the level of metacognitive knowledge about action possessed by an individual
is a function of the level of expertise of that individual.

Task Three - Predicted Performance

Recall that Task three sought to identify group differences in metacognitive skill
functioning as determined through each subjects’ ability to monitor her performance,
predict performance outcomes, and justify or explain the predictions made. The first point
to be made with respect to performance at Task three is that Group one subjects made
significantly more baskets than Group two subjects, lending further support to the expert-

novice distinction made at the beginning of the investigation. Tables 13 and 14 clearly
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illustrate that differences also existed between Group one and Group two subjects with
respect to their ability to predict performance outcomes. On a macroscopic level, Group
one subjects were significantly more accurate than Group two subjects with respect to
their ability to successfully predict performance outcomes across the 10 attempted foul
shots. On its own, this would suggest that Group one subjects demonstrated supcrior
functioning of at least one of the six basic skills of metacognition discussed in chapter two.
As previously stated, the ability to predict the consequences of an action or event
represents one of the basic skills of metacognition (Brown & DéLoache, 1978).

The more interesting results, however, were found at what may be considered a
more microscopic level. Significant differences were found between groups when the
actual quality of the prediction (i.e., predicted as successful vs. predicted as unsuccess{ul)
was taken into account. Considering first those shols predicted as successful, it was found
that Group one subjects, when compared to Group two subjects, both predicted and
correctly predicted significantly more shots as successful. Naturally then, Group two
subjects were found to predict significantly more shots as unsuccessful. However, what
may surprise some was that Group two subjects, when compared to Group one subjects,
were found to correctly predict significantly more shots as unsuccessful. These results may
be interpreted in a number of ways. One may claim that we would expect Group one
subjects to predict more shots as successful as they were probably more comfortable and
confident in this skill (i.c., basketball) environment as a result of their significantly greater
levels of experience. Group two subjects, on the other hand, may be perceived as being

less confident in this skill environment and, as a result, one may expect this to be reflected
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in their predicting more shots as unsuccessful. However, having or lacking confidence in
one’s performance implies an awareness of one’s ability to meet the imposed task demands
which, in turn, suggests the possession of a certain level of metacognitive knowledge
about action and metacognitive skill. To illustrate, I may predic: 70% of my shots to be
unsuccessful because experience tells me (i.e., I know) that I lack the skills necessary to
perform the foul shots correctly. Likewise, I may predict 70% of my shots to be successful
because experier-e tells me (i.e., I know) that I have the skills necessary to perform the
foul shots correctly. In either instance, I may be said to be demonstrating a high level of
functioning with respect to one of the basic skills of metacognition, predicting the
consequences of an action or movement. Therefore, if one were to accept the prediction
ratios without further questioning the differences observed between Groups one and two
one may in fact coﬁclude that both groups appeared to possess certain metacognitive skills
functioning at similar levels. However, it is argued next that closer examination of the
results obtained at Task three indicated that Group one subjects demonstrated superior
functioning of the six basic skills of metacognition as defined in this investigation.
Referring back to the data presented in Tables 13 and 14 one sees that Group one
subjects predicted 82.5% of the shots taken as successful while Group two subjects
predicted 61.7% of the shots taken as successful. With respect to those shots predicted as
unsuccessful it follows that 17.5% df the shots taken by Group one subjects were
predicted as unsuccessful while 38.3% of the shots taken by Group two subjects were
predicted as unsuccessful. When these percentage values are considered in relation to the

actual number of shots that were made by both groups of subjects one begins to get a
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clearer understanding as to each groups level of functioning with respect to the six basic
skills of metacognition. If, as some may suggest, Group two subjects, when compared Lo
Group one subjects, predicted significantly more shots as unsuccessful because they lacked
confidence in their skill ability and, hence, were aware of their performance deficiencics
one must question why these subjects then predicted that the majority (61.7%) of their
attempted shots would be successful. It would stand to reason that if one individual lacked
confidence in her ability and was aware of her performance deficiencies that she would,
~more than likely, predict most shots as being unsuccessful. However, as the opposite was
observed, this suggested that Group two subjects demonstrated a low level of functioning
with respect to one of the basic skills of metacognition, predicting the consequences of an
action or movement. This was further demonstrated by the small percentage of shots
(24.3%) that were actually correctly predicted as successful.

The tendency to over predict one's success, as was demonstrated by Group two
subjects in this investigation, has been demonstrated previously in siudies that cxamined
children’s ability to recall from short-term memory (Flavell, Friedrichs, & Hoyt, 1970
Yussen & Levy, 1975). Such research has demonstrated that as children age their
tendency to over predict théir capability for short-term recall decreases while their
memory span increases. With respect to the current investigation, the results obtained
suggested that as one gains experience, and possibly expertise, the tendency to over
predict the success of one’s skilled motor performance decreases while one’s skilled
performance increases. Yussen and Levy (1975) stated that this phenomenon, as it relates

to recall from short-term memory, was rather robust. However, as it relates to predicting
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the consequences of one’s skilled movement, this phenomenon has yet to be demonstrated
as robust.

Applying similar logic to Group one subjects indicated that these individuals
demonstrated a high level of functioning with respect to the metacognitive skill concemed
with predicting movement consequences. One would expect Group one subjects to be
confident in their skill ability and, hence, aware of their performance strengths and that this
be reflected in their predicting the majority of the shots attempted to be successful. Recall

- that Group one subjects in fact predicted 82.5% of the shots taken as successful and that
81.8% of these predictions were correct.

Critical examination of those shots that were predicted as unsuccessful and those
that were correctly predicted as such also served to differentiate Group one and two
subjects with respect to the functioning of the basic skills of metacognition. Again,
referring back to the data presented within Tables 13 and 14 one sees that Group one
subjects predicted 17.5% of the shots attempted as unsuccessful and that 61.9% of these
predictions were accurate. In other words, a minority of the shots attempted were
predicted as unsuccessful while the majority of those predicted as such were correct. On
the other hand, Group two subjects predicted 38.3% of the shots taken as unsuccessful
with 91.3% of these predictions being correct. While the success rate with respect to those
shots correctly predicted as unsuccessful was high for Group two subjects it must be
remembered that the majority of the shots attempted were predicted as successful and that
most of those predictions were incorrect,

Consideration of the characteristics of those shots that were in fact unsuccessful
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may servz to explain why Group two subjects were seen to correctly predict misses at a
rate much higher than that demonstrated by Group one subjects. When Group two
subjects did rﬁiss a basket it was usually as a result of a gross movement error (e.g., not
bending a* the knees, keeping both hands on the ball at release, pushing the ball out from
the chest instead of up away from the forehead) resulting in a shot that had littie chancc of
being successful. The severity of the movement etrors produced were usually extreme
enough to guarantee an unsuccessful attempt, while obviously providing more than
enough information for a novice subject to correctly predict the attempt as unsuccessful.
On the other hand, the errors produced by Group one subjects were of a much smaller
scale and were, therefore, more difficult to predict accurately. As Group one subjects
possessed superior levels of procedural knowledge about action, with respect to foul shot
performance, even the smallest perceived discrepancy between the movements intended
and those produced may have resulted in the attempted shot being predicted as
unsuccessful. This, despite the fact that the perceived movement error may have lacked
sufficient strength to negatively impact upon the success of the attempted shot. On a
number of occasions Group one subjects had commented that a specific skill sub-
component was not performed adequately, but that it apparently did not affect the
outcome of the shot. For example, on a shot predicted as unsuccessful that was actually
successful, subject one in Group one stated,

“..d thought I had put too much uh, too much on the, the uh release of the ball. I

thought it was gonna hit the back of the rim and come out...”.

When commenting on a shot predicted as unsuccessful that was actually successful subject
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five in Group one stated,

“..felt like it kinda rolled off of the side of my hand a little bit so I thought it

would be off line this way, like it was a little bit, it did go in kinda that side, but I

thought it was gonna be enough to make it miss entirely...”.

When combined, the prediction data obtained at Task three clearly indicated that
Group one subjects exhibited superior functioning of that metacognitive skill related to the
prediction of one’s movement consequences. However, to imply that this one
metacognitive skill functions in isolation of the other five would be naive. In fact, it may
be reasoned that the other five metacognitive skills are constituent elements to the skill of
prediction. Before one is able to predict the outcome of a movement sequence one must
first monitor those ongoing movements that are part of that sequence attempting to both
control and coordinate those actions produced in relation to the intended goal. At the
same time one must test the logic of the selected movements and check their results in an
attempt to identify any discrepancies between the movements produced and those that
were intended. Only when this process is complete is one able to accurately predict the
consequences of the final movement sequence produced. To simplify the description of
this process we may state that when predicting movement consequences an individual is
essentially attempting to determine if the procedures operationalized where in fact those
necessary for, and representative of, the skills correct execution.

The preceding statement raises an interesting question. If a subject believes that
she possess the necessary movement abilities (i.e., procedures) for successful skill

execution, when in fact she does not, and predicts that her movement will be successful
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because she believed that the procedures within her possession were executed properly,
when in fact they were not, is this not representative of a high level of metacognitive skill?
In other words, is it possible for an individual to display a high level of metacognitive skill
yet lack success with respect to their ability to predict the consequences of any movements
produced? It is argued here that this is not possible. The fact remains that one who is
consistently in error when predicting her movement consequences is displaying a lack of
awareness with respect to the procedures in her possession and the ability of those
procedures to satisfy the movement goals. This lack of awareness is representative of both
a low level of metacognitive knowledge about action and metacognitive skill,

Therefore, the significant group differences obtained at Task three, specific to the
predicted shot outcomes, indicated that the metacognitive skills possessed by Group one
subjects functioned better than those possessed by Group two subjects. It was reasoned
that the ability to successfully predict shot outcomes was as a result of Group one
subjects’ enhanced ability to monitor, check, coordinate, test, and control the procedures
operationalized for skill execution. This reasoning is supported by Chi and Glaser (1985)
who suggested that, when solving problems, experts are more aware than novices when
théy make errors, why they fail to comprehend, and when they need to check their
solutions.

Again, an interesting question arises. If the two groups did indeed differ with
respect to their ability to monitor, check, coordinate, test, and control the procedures
operationalized for skill execution, was it not reasonable to expect that these differences

be highlighted in the explanations offered in support of those predictions made? Recall
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that the resuits clearly indicated that, as they were coded, there was but one significant
group difference with respect to the type (e.g., SSC, TSC, KR, or OR) of explanation
offered. Group two subjects used the OR category to explain their shots predicted as
unsuccessful with a significantly greater frequency than that used by Group one subjects.
Generally, however, both groups of subjects were seen to use technical skill components
in their explanations most often, followed by kinaesthetic reasoning, spatial skill
components, and other reasoning. These results indicated that, when compared to Group
one, the subjects within Group two used similar movement cues or focussed upon similar
skill components when monitoring, checking, coordinating, testing, and controlling their
skilled movement. The fact that such skills were utilized and that these subjects functioned
in a manner even remotely similar to Group one subjects, while perhaps a bit surprising,
provided indirect support for previous research (Chi, Bassok, Lewis, Reimann, & Glaser,
1987; Hardiman, Dufresne, & Mestre, 1989) that has Zemonstrated that ‘feature
similarity’ is of minimal importance to good novices. Though not within the domain of
sport, Chi et al. (1987} demonstrated that good novice problem solvers attempt to justify
their conclusions through the use of principles and concepts contained within the text. In
the present investigation, the subjects within Group two attempted to justify their
conclusions (i.e., predictions) using movement concepts, similar to those used by Group
one subjects, deemed relevant to effective foul shot performance. One may have expected
the novice subjects within Group two to have relied more heavily upon the surface
features of their performance when predicting outcomes. This would have been evident in

a significantly greater number of coded OR explanations. While Group two subjects did
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use this coded explanation category more than did Group one subjects when predicting
shots as unsuccessful, it was far from being the explanation presented or used most often.
Rather, the subjects within Group two aitempted to usc, what may be described as, deep
level reasoning and monitoring abilities similar to those used by the expert subjects within
Group one. However, as the referents (i.e., their procedural and perhaps declarative
representations of knowledge) possessed by Group two subjects were considerably poorer
than those possessed by Group one subjects they were not able to make cflective usc of
the basic metacognitive skills in their possession.

Group two subjects, therefore, appeared to possess similar higher order exccutive
strategies (i.e., metacognitive skills), though perhaps not as well developed when
compared to Group one subjects, but lacked the appropriate knowledge base to usc them
effectively. As a result, it may be suggested that a certain amount of declarative and
procedural knowledge about action is necessary before the metacognitive skills within
one’s possession may function effectively. Support was found for this suggestion in
Thomas and Thomas’ (1994) belief that a certain amount of declarative knowledge and
procedural knowledge is necessary before strategic knowledge can be gencralized.
Therefore, while the prediction data obtained at this task indicated that the metacognitive
skills possessed by Group one subjects functioned better than those possessed by Group
two subjects, analysis of the coded explanations offered in support of the predictions made
indicated that the observed differences in metacognitive skill functioning may have been
the result of differences in the levels of knowledge about action possessed by subjects

within both groups.
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CHAPTER VI
CONCLUSIONS

Recall that the primary objective of this investigation was to examine expert-
novice differences in metacognitive knowledge about action and metacognitive skill
functioning, as they relate to performance of the basketball foul shot. Previous
investigations have shown that expert and novice sport performers differ with respect to
the levels of declarative and procedural knowledge within their possession (e.g., Allard et
al., 1993; McPherson & Thomas, 1989; Williams & Davids, 1995). However, no studies
have directly examined diffcrences in the levels of metacognitive knowledge and
metacognitive skill possessed by experi and novice sport performers despite the apparent
superordinate relationship to both declarative and procedural knowledge. This
investigation collected verbal protocols and visual protocols during \he performance of
three different tasks and compared these protocols in an attempt 1o test the following
hypothesis:

The level of metacognitive knowledge about action and
metacognitive skill possessed by an individual is a function
of the level of expertise, relative to the performance of that
action, of that individual.

The results of the logit-linear analyses performed on the instructional verbal
protocol data collected at Task one provided minimal support for the hypothesis as it was
applied to this task. As stated within chapter five, however, the results obtained at Task
one were not that surprising when considered in light of the fact that the novice subjects in

Group two had had some prior experience in the sport of basketball and, as a result, could

not be considered true novices. Also, the very nature of the skill of foul shooting was
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believed to allow for both relatively easy representation and verbalization. That is 10 say,
the relatively static nature of the skill and its successive 1o simultaneous cxecution meant
that the skill could be easily represented within memory as a set of simple declarative facts
that, when examined, would perhaps do IittIg to differentiate individuals who had any
experience at this skill. Differences would more likely have been observed if the novices
studied had had no experience at the skill of foul shooting. However, selecting such
subjects would have done little to help us understand what happens between the two
extremes of the true expert and the true novice. One may interpret the results obtained at
Task one as suggesting that as individuals continue to gain experience at a skill their
awareness of the declarative knowledge about action within their possession increascs
rapidly and can not be easily used to distinguish between intermediate levels of expertisc.
Therefore, with respect to the research hypothesis and its application at Task one, the
level of expertise -- as defined in this investigation -- was seen to contribuic only
minimally to the assessed levels of metacognitive knowledge about action.

The comparison of the verbal and visual protocol data collected at Task two
provided a clearer indication of possible group differences with respect to the procedural
component of metacognitive knowledge about action. Both Group one and Group two
subjects were seen to describe their physical performance as correct in relation to the
documented procedures for correctly executing the skill of foul shooting. There were no
significant group differences with respect to the verbal protocols collected. However,
significant group differences were observed with respect to the visual protocols collected

at this task. Group one subjects performed those actions associated with the collapsed skill
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sub-component segments labeled legs, shot, and set-up significantly better than Group two
subjects. These results were taken to indicate that Group one subjects were more aware of
the skills, hence procedures, within their possession and, as a result, were better able to
translate their thoughts and actions into words that accurately reflected both. In turn, this
suggested that individuals possessing greater levels of expertise (e.g., Group one subjects)
within a specific performance domain are more likely to possess higher levels of the
procedural component of metacognitive knowledge about action.

The correlations performed at Task two only minimally supported the above
suggestion. The modest sample size used in this investigation meant that interpretation of
the correlations had to be done cautiously. However, the fact that a significant correlation
was observed between those verbal and visual protocols coded as correct for Group one
subjects at the collapsed technical skill sub-component segment labeled set-up and the fact
that no significant correlations were observed between any of the verbal and visual
protocols for Group two subjects was suggested o support, though only minimally, the
possible existence of an expertise-metacognition relationship. The combined results at
Task twe suggested that, with respect to the research hypothesis and its application here,
the level of expertise -- as defined in this investigation -- was seen to contribute to the
assessed levels of metacognitive knowledge about action.

The results obtained at Task two also suggested that asking subjects to
declaratively represent procedural knowledge about action may not provide an accurate
representation of the procedural knowledge within one’s possession. Rather, as was

suggested by Wall et al. (1985), coding actual game play or skilled performance may be
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the best way to assess the procedural knowledge about action within one's possession.
However, comparing the verbal description of one’s performance to his/her actual physical
performance does appear to provide an accurate indication of one’s leve! of awareness
specific to the skills, hence procedures, within one’s possession.

The comparison of the verbal protocol data at Task three provided the strongest
support for the hypothesis tested in this investigation. Not only were Group onc subjects
seen to make significantly more foul shots than Group two subjects, they were also
significantly better than Group two subjects with respect to their ability Lo monitor and
successfully predict their performance outcomes across the 10 attempted foul shots. Bascd
upon performance at Task three it was concluded that the metacognitive skills possessed
by Group one subjects functioned better than those possessed by Group two subjects.
Group one subjects were believed to possess an enhanced ability to monitor, check,
coordinate, test, and control the procedures operationalized for skill cxccution as a result
of their possessing higher levels of knowledge about action.

When combined, the results obtained at the three tasks performed in this
mvestigation would appear to suggest that, specific to performance of the basketball foul
shot, the level of metacognitive knowledge about action and metacognitive skill possesscd
by an individual is a function of the level of expertise of that individual. As one’s level of
expertise increases so to does her awareness of both the declarative and procedural
knowledge about action within her possession. The results of this study would suggest
that the process of acquiring awareness of the knowledge about action within one’s

possession proceeds in much the same way as Anderson (1982) described acquiring
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domain specific knowledge does. That is, awareness would first be acquired of the
declarative representations of knowledge about action within one’s possession, followed
by acquiring an awareness of the procedural representations of knowledge about action
within one’s possession. The results also suggest that as an awareness of both types of
knowledge about action within one’s possession increases the functioning of the
metacognitive skills necessary for self-regulating the process of translating knowledge into
action will also increase. Recall that it was suggested in chapter five that a certain amount
of declarative and procedural knowledge is necessary before the metacognitive skills
within one’s possession may function effectively.

From a teaching or coaching perspective, while differences in the metacognitive
{unctioning of experts and novices have been demonstrated there was no indication as to
how one may attempt to enhance the acquisition of metacognitive knowledge about
action, or improve the functioning of one’s metacognitive skills. It is important that future
research in this area explore more fully the developmental aspect of the expertise-
metacognition relationship. In an effort to enhance the awareness of the declarative and
procedural knowledge about action within one’s possession perhaps more time and effort
should be directed towards helping students and/o: aihletes achieve a personal
understanding of their movement abilities. This would include an understanding or
awareness of what one is actually doing and what one should be doing in specific
movement situations, as well as an ability to monitor and subsequently correct any
perceived discrepancies (i.e., performance errors) as they occur. It is not enough to only

drill an individual in proper technique and strategy. Simple continuous physical practice of
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a skill or strategy will not ensure its acquisition and effective use. Instead, one must
combine physical practice with some type of ‘cognitive practice’, perhaps in the form of
informal debriefings, to ensure the understanding and proper use of the instructed skills
and strategies. If an individual is aware of the skills, hence procedures, within his or her
possession this person is more likely to make correct movement decisions, ultimatcly
enhancing performance.

In light of the findings of this investigation and to assist in the continuation of
research into metacognition and skilled sport performance the following suggestions arc
offered. First, the utility of the experimental techniques used in this investigation (i.c., the
collection and comparison of both verbal and visual protocols) should be determined with
respect to their ability to assess metacognitive functioning in other skill domains. Similarly,
the inclusion of a skill more dynamic than the one selected for study here may also help to
determine the utility of the techniques employed. Third, it may prove interesting, from a
developmental perspective, to assess metacognitive functioning across three or more
groups, each operating at a different level of skill with respect to the execution of some
motor task. Ultimately, more research is needed to understand how one develops cxpertisc
within different sporting domains and how the cognitive, metacognitive, and skill

execution components of task performance interact.
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Letter of Informed Consent

This research project, conducted by Jeffrey Toward, is concerned with examining
the relationship which exist; between knowledge and skilled sporis performance.
Participation in this investigation will require the following:

D I'will be asked to verbally instruct a novice basketball player in the proper
execution of a basketball foul shot. All of my responses at this task will be
recorded using a video camera.

2) I'will be asked to perform 20 basketball foul shots, verbalizing my thoughts
and actions on alternate attempts. All of my responses at this task will be
recorded using a video camera.

3 I'will be asked to perform 10 basketball foul shots, predicting the outcome
of each atternpt immediately upon release of the ball. All of my responscs
at this task will be recorded using a video camera.

All results will be kept confidential with only the investi gator (Jeff Toward) having
access to the audio and video information. I may address any questions that I have
regarding my participation in this investigation to the investigator at any point before,
during, or after my participation. I understand that at no point in the investigation will I be
exposed to any risk. I also understand that I may withdraw from the study at any time.

I give my informed voluntary consent 1o participatc.

Date - Participant’s Name

Participant’s Signaturc
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TASK INSTRUCTIONS - TASK ONE

VERBAL INSTRUCTION

Iam to verbally instruct a novice basketball player (Jeff Toward), who has ncver
received any direct instruction in the proper execution of basketball skill, in the proper
execution of the basketball foul shot. I am to THINK ALOUD whilc planning my
instructive dialogue. THINK ALOUD means that I must verbalize everything that I think
about from the start of the task until I feel I have completed it. I am to say everything that
I feel must be known in order for the novice learner (Jeff) to successfully learn the skill. If
I'wish I may perform or demonstrate parts of the skill while instructing the novice learner
in its execution. If I remain silent for any length of time I will be remisded to THINK
ALOUD. The novice learner may question my instructions at any time by asking “why” so
that certain points are made clear. Any questions that I have regarding task performance
may be raised at any point during performance of the task. During the performance of this

task all of my actions and instructions will be recorded using a video camera.
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TASK INSTRUCTIONS - TASK TWO

TALK ALOUD WHILE PERFORMING

I am to perform 20 fouls shots, TALKING ALOUD during performance of
alternate shots. TALKING ALOUD means that I must verbalize everything that I think
of and everything that I do while performing the shots. I will TALK ALOUD during
performance of the first shot attempt and then every other shot attempt following. I am to
step off the foul line after every two shots and then reposition myself, TALKING
ALOUD while I do so. I can take as much time as I need to perform this task provided
that I continue to TALK ALOUD while doing so. If I remain silent for any length of time
while performing this task I will be reminded toc TALK ALOUD. Any questions that I
may have regarding task performance may be raised at any point during performance of
the task. During the performance of this task all of my actions and instructions will be

recorded ustng a video camera.
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TASK INSTRUCTIONS - TASK THREE

PHYSICAL PERFORMANCE

I'am to perform 10 foul shots, being careful to take my time and concentrate upon
the successful completion of each attempt. Immediately upon relcase of the ball I am to
verbally indicate whether or not I l:;eiieve my shot is going to be successful. If [ think my
shot is going to go in I am to say “YES”. If I think the shot is not going to goin I am 10
say “NO”. After providing my prediction for each shot I am 10 verbally indicate why I
thought my shot was or was not going to go in, regardless of whether or not it actually
did. T'am 1o step off the foul line after every two shots and then repositon myself. Any
questions that I may have regarding task performance may be raised at any point during
performance of the task. During the performance of this task all of my actions and

instructions will be recorded using a video camera.
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Appendix C
Foul Shot Skill Components:
Descriptions and Definitions of each
Skill Sub-Component and the Corresponding

QAYV’s for Tasks One, Two, and Three



Appendix C 176

Foul Shot Skill Components

This document presents an explanation of the scoring system used at Task one,
Task two, and Task threc when coding the verbalizations and/or actions produced specific
to the spatial skill sub-components (SSC's), technical skill sub-components {TSC's), and
mental skill sub-components (MSC's) of the foul shot.

Task One

If the subject provided correct instructional information about a specific skilf sub-
component that verbalization was labeled “Correct” and received a score of 3. A
description of the correct way to exccute each skill sub-component is provided in Table
Cl.

If the subject discussed a specific skill sub-component yet did not provide adequate
detail or quality of instruction that verbalization was labeled “Incomplete” and received a
score of 2. An example of an incomplete verbalization is provided for cach skill sub-
component in Table C1.

If the subject provided incorrect instructional information about a specific skill
sub-component that verbalization was labeled “Incorrect” and received a score of 1. An
example of an incorrect verbalization is provided for cach skill sub-component in Table
Cl.

If the subject did not provide any instructional information about a specific skill
sub-combonent that sub-component was said to be "Omitted” and received a score of 0.

With respect to the MSC's, they were only coded for Task one as they were

impossible to infe~ from the observation of performance in Task two. Within Task onc the
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MSC's reccived only a check mark (v') if they were discussed rather than a score of 3, 2,
or I as it proved difficult to determine the quality/accuracy of these skill sub-components
when verbalized.

Task Two

If the subject correctly performed a specific skill sub-component that action was
labeled “Correct” and received a score of 3. A description of the correct way o execute
cach skill sub-component that was assessed in Task two is provided in Table C2.

The skill sub-components could not receive a score of 2 as the visual protocols
provided sufficient information to fully assess the accuracy/quality of the produced
movements.

If the subject performed a specific skill sub-component incorrectly that action was
labeled “Incorrect” and received a score of 1. An example of an incorrect way to execute
cach skill sub-component that was assessed in Task two is provided in Table C2.

Task Three

The reasoning sub-components coded at Task three we. - not assigned a numeric

value to indicate their accuracy, rather we were simply interested in documenting their

occurrence,
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Table C1: Sub-Components used in the Coding Process for Task One

Sub-Component QAY Score

Description/ Example

SSCla,b,c (feet) 3

Note:

SSC2 (knees) 3

SSC3 (waist) 3

a- The feet should be at lcast 6 inches apart,
no more than shoulder width.

b- The right foot (if right handed) should be
slightly ahead of the left (i.c., staggered).

¢- The shooting foot should be about 10
degrees to the left while the balance foot
should be 45 degrees to the left (if right
handed).

A description of either of the above three
sub-components (a, b, or ¢) is needed 10
assign this code. The subject need not
discuss all three in her
verbalization/instruction. It is possible that a
subject may discuss “a” correctly, b
incorrectly, and not address “¢” at all,

(LT

“Pesition your feet” "Stance”

“Your feet should be next to cach other,
almost touching” “If right-handed you
should have your left foot forward” “Fect
parallel to each other pointing straight at the
basket”

The knees should be bent comfortably

“Set up your knees”

“Keep your knees straight at all times”

The waist should be bent slightly forward

“Be sure to position your waist properly”

“Do not bend at the waist”
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Sub-Component

QAY Score

Description/ Example

S8C4 (back)

SSC5 (shoulders)

SSC6 (head)

SSC7 (elbow)

Note:

The shooters back should be straight and
relaxed, not arched.

“Make sure your back is in the proper
position”

“You want to be relaxed and slightly
rounded in the back”

The shoulders should be kept square to the
basket. It is also acceptable if the subject
states that the “body” is square 1o the basket.

“Position your shoulders”
“Angle your shoulders toward the basket”

The head should be held steady looking up at
the basket.

“Keep your head in the same position during
the shot”

“Your head should start down looking at the
ball and then follow it up to the basket when
the shot is made”

a) The elbow should be bent at
approximately 90 degrees and be kept by the
shooters side or in front of the shooters hip.

b) The elbow should be up at shoulder
height, in close to the body, bent, in line with
the basket, and in front of the wrist.

Either “a” or “*b” is correct.

“Position your elbow properly”
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Sub-Component

QAY Score

Description/Example

SSCS8 (wrist)

SSCY (fingers)

SSC10 (hand)

TSC1 (weight)

to

2

“Keep your clbow bent and out 1o the side of
your body”

The wrist should be tocked and cocked back
prior to the shot

“Get your wrist sct to shoot”

“Your wrist should be flexed so vour hand
can cover the ball”

‘The ball should rest on the pads of the
fingers between the finger tips and the lirst
Joint. The fingers should be spread
comfortably with the thumb and forefinger
forming a “V” notan “L”. The fingers should
be pointing up.

“Let the ball rest in your hand”

“The ball should be in conwet with the palm
of your hand”

The shooting hand should be hehind or
slightly under the ball while the balance hand
1s on the side or slightly under the ball
offering support. Shoot enly with one hand.
the balarce hand releases prior to the shor.

“Be sure to position your hands to make the
shot”

“Make sure that you hold the ball in both
hands firmly”

The weight should be on the balls of the feet,
with emphasis on the front foot if the feet are
Staggered.
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Sub-Component

QAYV Score

Description/ Example

TSC2 (alignment)

TSC3 (release)

TSC4 ( follow through)

2

Note:

“Make sure your weight is distributed
properly”

“You want your weight to be back, over
your heels” “Make sure your weight is
spread evenly over both feet”

The shooting foot, elbow, hand, and ball arc
aligned in a plane with the basket. The body
should be close to being in the middle of the
basket/net. It is acceptable if the subject says
“I am centered in the middle of the net”

A description of some aspect of this
component is needed to assign this code. The
subject need not include all aspects in her
verbalization/instruction

“You want to align yourself before aking
the shot”

“Make surc that your non shooting foot is
aligned with the basket prior to the shot”

The ball should be released at the highest
point in the extension, above and in front of
your head.

“Be sure to release the ball at the proper
point”

“You want to release the ball at chest height”

There should be continuation of the shot
motion after release of the ball with the wrist
flexing fully and pointing or hanging in the
basket. The upper arm should be 30-35
degrees from vertical on the follow through.
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Sub-Component

QAYV Score

Description/ Example

TSCS (flight of the ball)

TSC6 (ritual/routine)

t2

Note:

A description of some aspect of this
component is needed 1o assign this code. The
subject need not include all aspects in her
verbalization/instruction

“Be sure to follow through when shooting™
“foilow through with the hand”

“After the ball is released you can relax and
drop your arms”

The bali should rotate backwards (backspin)
as it arcs toward the basket.

*Make sure the ball has spin on it when you
relcase it”

“The ball should approach the basket on a
straight line”

The shooter should do the same pre-shot
routine/ritual the same way, every time. It is
much easier L0 groove a pattern that is
always the same. The ritual helps prepare for
the shot attempt. Sometimes you will see
written “‘one, two, three” this means they
were counting their dribbles = ritual.

“Some people like to dribble a few times
before shooting”

“Try not to perform any actions before you
shoot as it may distract from your shot
attempt”
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Sub-Cowponent QAY Score

Description/ Example

Note:

TSC7 (extension) 3

Note:

TSC8 (aim) 3

For Task Onc the subject should somchow
emphasize that the ritual is something they
do for cach shot 10 prepare or relax,

For Task Two it is acceptable if the subject
simply describes the pre-shot ritual Gic., 1
take two dribbles), they do not have to say
“do my ritual”.

The shot is an extension of the body. Mostly
it involves the straightening of the knees, the
right elbow (if right handed), and the flexing
of the right wrist, with a litle coming from
the straightening of the waist and ankles. The
shooter can come off the {loor if needed 1o
get power from the Iegs. However, in most
cases a jump is not needed or wanted.

A description of some aspect of this
component ts inceded to assign this code. The
subject need net include all aspects in her
verbalization/instruction.

“Be surc 1o usc your legs when shooting”
“cxtcnd” Lljump!!

“Try to keep your legs bent throughout the
shot, the power comes from your arm” *“push
out”

The shooter should aim at the center eyelet
in the back of the rim,

“Be sure to aim at the basket” “Aim just over
the front of the rim” “concentrate on the
hoop” “focus on the basket”

“You want to aim at the front rim on the
basket when shooting”
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Sub-Component

QAYV Score

Description/ Example

13C9 (technical info)

TSC10 (ball position)

TSCI11 (approach)

Note:

This sub-component is for any information
that is presented during task performance
that is factual rather than instructional in
nature. As an example; the basket is 10 feet
high, the foul linc is 15 feet from the basket,
foul shots are an important part of the game,
stand behind the foul line when taking a foul
shot, do not touch the foul line when
shooting as this will result in a foot fault,
power can come from the legs when making
a foul shot......

Any incorrect factual information will be
scored 1. As an example, the foul line is 10
feet from the basket or, you arc always given
two foul shots at a time.

a) The ball should be held at hip height in
front of the hip in plane with the baskel.

b) The ball should be placed above the eyes
in front of the forehead or just to the right of
the eye (if right handed).

Either “a” or “b” is correct

“You must be sure t0 hold the ball properly
when shooting”

“The ball should be held out tn front of your
chest prior to shooting”

The shooter should set up just behind the
foul line, not touching it, but not too far (> 5
inches) away. They should give an indication
of the distance.
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Sub-Component

QAY Score

Description/ Example

MSCI
(focus/concentrate)

MSC2 (visualizauon)

MSC3 (feel/relaxation)

“I'm setting up”, “Approach the line” “stand
in front of the line” “stand behind the line™
“fect behind the line™ "approach”

*Stand on the line” “Stand about 6 inches
behind the line” “take a step forward”™

The shooter should focus/concentrate on
each shot
attempt.

The shooter should visualize the ball going
through the basket during shot preparation

The shooter should try to relax at the foul
line, get a feel for the ball.
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Table C2: Sub-Components used in the Coding Process for Task Two

Sub-Component QAYV Score Description/ Example

SSCla,b.c (feet) 3 a- The feet should be at least 6 inches apart,
no more than shoulder width.
b- The right {oot (if right handed) should be
slightly ahead of the left (1.e., staggcred).
¢- The shooting foot should be about 10
degrees to the left while the balance foot
should be 45 degrees to the left (if right
handed).

Note: A description of cither of the above three
sub-components (a, b, or ¢} is needed to
assign this code. The subject need not
discuss all three in her
verbalization/instruction. It is possible that a
subject may discuss “‘a” correctly, “b”
incorrectly, and not address “c” at all.

2 “Position your feet”

1 “Your feet should be next to cach other,
almost touching™ “If right-handed you
should have your left foot forward” “Feet
parallel to each other pointing straight at the

basket”
SSC2 (knees) 3 The knees should be bent comfortably
2 “Set up your knees”
1 “Keep your knees straight at all times”
SSC7 (elbow) 3 a) The elbow should be bent at

approximately 90 degrees and be kept by the
shooters side or in front of the shooters hip.

b) The elbow shouid be up at shoulder
height, in close to the body, bent, in line with
the basket, and in front of the wrist.
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Sub-Component

QAY Score

Description/ Example

SSCI10 (hand)

TSC3 (release)

TSC4 ( follow through)

[§=]

1

Note:

Note:

Either "a™ or "b” is correct.
“Position your elbow properly™

“Keep your elbow bent and out to the side of
your body”

The shooting hand should be behind or
slightly under the ball while the balance hand
15 on the side or slightly under the ball
offering support. Shoot only with one hand,
the balance hand releases prior to the shot.

“Be sure to position your hands 10 make the
shot™

“Make sure that you hold the ball in both
hands firmly"”

The ball should be released at the highest
peointin the extension, above and in front of
your head.

“Be sure to release the ball at the proper
point”

“You want to release the ball at chest height™

There should be continuation of the shot
motion after release of the ball with the wrist
flexing fully and pointing or hanging in the
basket. The upper arm should be 30-35
degrees from vertical on the follow through.

A description of some aspect of this
component is needed to assign this code. The
subject need not include all aspects in her
verbalization/instruction
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Sub-Component

QAYV Score

Description/ Example

TSC6 (riwal/routine)

TSC7 (exiension)

Note:

“Be sure to follow through when shooting”
“follow through with the hand”

“After the ball is released you can relax and
drop your arms”

The shooter should do the same pre-shot
routine/ritual the same way, every time. It is
much easier to groove a pattern that is
always the same. The ritual helps prepare for
the shot attempt. Sometimes you will see
writlen “one, two, three” this means they
were counting their dribbles = ritual.

“Some people like to dribble a few times
before shooting”

“Try not to perform any actions before you
shoot as it may distract from your shot
attempt.

For Task One the subject should somehow
emphasize that the ritual is something they
do for each shot to prepare or relax.

For Task Twao it is acceptable if the subject
simply describes the pre-shot ritual (i.e., I
take two dribbles), they do not have to say
“do my ritual”.

The shot is an extension of the body. Mostly
it involves the straightening of the knees, the
right elbow (if right handed), and the flexing
of the right wrist, with a little coming from
the straightening of the waist and ankles. The
shooter can come off the floor if needed to
get power from the legs. However, in most
cases a jump is not needed or wanted.
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Sup-Component

QAYV Score

Descriptios/ Example

TSC10 (ball position)

TSC11 (approach)

Note:

Note:

A description of some aspect of this
component is needed to assign this code. The
subject need not include all aspects in her
verbalization/instruction.

“Be sure 10 use your legs when shooting™
“Cxtcnd” ‘Ljump!‘

“Try to keep your legs bent throughout the
shot, the power comes from your arm” “push
out”

a) The ball should be held at hip height in
front of the hip in planc with the basket.

b) The ball should be placed above the cyes
in front of the forchead or just to the right of
the eye (if dght handed).

Either “a” or “b" is correct

“You must be sure to hold the ball properly
when shooting”

“The ball should be held out in front of your
chest prior to shooting”

The shooter should set up just behind the
foul line, not touching it, but not o far (> 5
inches) away. They should give an indication
of the distance.

“TI'm setting up”, “Approach the line” “stand
in front of the line” “stand behind the line”
“feet behind the line”

“Stand on the line” “Stand about 6 inches
behind the line” “take a step forward”
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Table C3: Sub-Components used in the Coding Process for Task Three

Sub-Component

Description/ Example

SSC

TSC

Any explanation which emphasized correct/incorrect
scgment (i.e., body part) positioning when performing the
skill: concerned with shot preparation. May include
explanations involving placement/positioning of the

following:
feet

knees
waist
back
shoulders
head
clbow/arm
wrist
fingers
hand

{My feet were not shoulder width
apart)

(My knees were not bent ecnough)
(1 was bent over too much)

(My back was not straight)

(I was not square to the basket)
{My head was down)

(My elbow was bent too much)
(Idid not cock my wrist back)
(My fingers were too close together)
(I did not position my hands
correctly)

Any explanation which emphasized the use of
prope:/improper technique when performing the skill;
concerned with shot execution. May include explanations
involving the following technical concerns:

weight

alignment
release

follow through
flight of the ball

ritual
extension
aim

technical info

(My weight was not over the front
foot)

(I was not aligned with the basket)
(I released the ball oo soon)
(Idid not flick my wrist)

- only appropriate if not sight
dependent

(1.e., did not put enough force into
the arc)

(I forgot to dribble before skooting)
(I did not straighten my legs
properly)

(I aimed at the wrong spot)

{1 did not keep the motion
continuous)
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Sub-Component Description/ Example
ball position {1 held the ball in front of my cyes)
approach/sctup (I was too far from the line)

OR

Any explanation which emphasized a “propet/improper” or
“correct/incorrect” feel when performing the skill. May
include explanations such as the following:

(It did not feel right)

(I'did not have a good leet lor the

ball)

Any explanation that could not be coded using one of the
above sub-components. May include explanations such as
the following:

(The light was in my ¢ycs)

(Ilost my focus, I was not ready)

(I was distracted by a noijse)
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Appendix D

Coded Verbatimm Protocols
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Transcribed Protocols

E = experimenter

S = subject

Subject #13

TASK ONE

Ok, I am verbally in.. Uhh, I am to verbally instruct a novice basketbail player, jeff
Toward, // who has never received any dircct instruction in the proper execution of
basketball a skill, // skills ir the proper exccution of a basketball foul shot. // I am
to think aloud while planning my instruction // instructive dialogue. Think aloud
means that I will verbalize everything that [ think // about from the start of the task
until I feel that I have completed it. I am // to say everything that I feel must be
known in order to, in order for the novice learner (Jeff) / to successf ully learn the
skill. If I wish I may perform or demonstrate // parts of the skill while instructing
the novice learner in its execution. If I remain // silent for any length of time ah 1
will be reminded to think aloud. The novice // learner may question my instructions
at any time by asking "why" so that certain // peints are made clear. Any questions
that I have regarding task performance // may be raised at any point during
performance of the task. During the performance of this task // all of my actions
and instructions will be recorded using a video camera. // Fine

any questions?

I don't have any //

you can go
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alright, do I // do I put you here or do you just stand there?

I'm standing here

Ok, so what you're gonna do is you’re gonna // walk up to the line, the free throw
line, your foot can be right in front of it but it can't be touching the free throw line
/! your legs have to be shoulder width apart or comfortable for you,

which foot up to the line?

Ok, it depends // on what handed you are, are your right o1 left handed?

right

OK, you're a right handed shooter, so your right hand (means foot) will be little bit
/! forward, Uh, comparison to the left, both fect are square to the basket, 5o you
just be // comfortable, and uh what I do I do a ritual I toss the ball, but // you can
do whatever you want, lets say you’re just gonna hold the ball, your knees are
bent, your looking at the rim, allot of people // look at different spots, I look just
over the front of the rim, your hand, your wrist is gonna be cocked backwards // so
that uh, there's uh space in there so if there's like paint you wouldn't get it on the
ball // the other hand is used as a guider hand, and uh / let me see here, your
elbow is to be at a 90 degree angle //and your looking over the ball, Uhm, as you
gn to shoot you'll be standing up // and you'll be releasing the ball at a 45 degree
angle, and as you shoot you follow through with your // wrist and almost put your
hand right through the basket.

any questions?

why a 45 degree angle?
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Uh, because // if you shoot up too high then uh, well your gonna loosc sight of the
ball for cne thing // and uh if you shoot too flat your not gonna get enough arc so
thatif it doesn't go directly into // the basket it's not gonna have that roll, the
1ollow through to, to make the roll go. So do I shoot it now // or no?

any other questions, any other yuestions

T have another question // do you have anything yon would like 1o add'

Uh, // let me think, don't bounce, make it one continuous motion, // it's like a lot of
people sit here and go like this, that kinda messes up your shot, and uh onc, once
you start the shot // follow all the way through, don't like get o here and then
shoot it, so it's // continuous motion

that's it

Yup.

I will ask you once more, but it doesn't mean I // think you forgot anything. Is
there anything else you would like to add before I stop it?

Uh, I don't think so.

TOTAL TIME: 3 Minutes 19 Seconds
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Transcribed Protocols

E = experimenter

S = subject

Subject #13

TASK TWO

to perform 20 foul shots, talking aloud during performance of alternate shots. //
Talking aloud means that I must verbalize everything that I think and // everything
Ido while performing the foul shot. I will think aloud during the performance of
the first // shot attempt, and then every other shot following. I am to step off the //
foul line after cvery two shots and then reposition myself, talking aloud // while I
do so. I can take as much time as I need to perform this ta k // provided that I
continue to talk aloud while doing so. If I remain silent for any length of // time
while performing this task I will be reminded to talk aloud. Any questions that I //
may have regarding this task performance may be raised at any point during
performance of this task. During the performance // of this task all of my actions
and instructions will be recorded using a video camera. That's fine. //

Now you’re not going to need to step off after every two shots

Ok

What I'll do // instead is ask you to collect your own rebounds

get my own rebounds

yup

Ok // after every shot or just after the two?
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pardon me?

after // every shot I'm getting my own rebound?

after every shot

Ok

I just want to make sure that you step off the line // and come to the middie you
have to reset

Ok, but I only talk I_/ about the first one and the third one and the fifth one, Ok //
do I go?

yup

Ok, first of all I position myself at the line // my foot is uh, just before the linc, I
toss the ball in front of me, gonna take // two bounces, and my fingers are across
the seams of the ball, // and my eyes are on the front of the rim but just going over
and when I shoot (TAKES 1 SHOT) I release // it anc follow through into the
basket. Now I just do it right? //

(TAKES 2 SHOT) // // // (microphone fell off) is it Ok with this little thing? // still
Ok? Ok

Ok, again // I'm approaching the line, toss the ball, two bounces, my knees are bent
// (TAKES 3 SHOT) follow through, and I miss // uhh // // (TAKES 4 SHOT //
Same thing? uh again approach the line, toss the ball, // two bounces, I'm looking
over the front of the rim (TAKES 5 SHOT) release it, it's off to the side //

don’t be afraid to be redundant in what you’re saying

Ok



NR
EC

ASCHR)
TXRU
13CHQ

060D
130
A3CH(D)

A6 (D)
ASCRED)

1LUR)
ASCRE)
NR

ASC3)
AXRD)
ASCH @)

v

Appendix D 198

If there is something you want // to add as well, that's fine

I'm a horrible foul shooter

try to describe everything that you are doing // as you do it

Ok, toss the ball, I'm bending, as I'm bending I take two bounces // I'm looking at
the front of the rim, (TAKES 6 SHOT) follow through, finally it's in // //
(TAKES 7 SHOT) //

Arc you counting for me?

pardon me?

Are you counting // is that 67

8 in total

Oh, is it? Ok

and I toss the ball, // bend, take twa bounces at the same time, look over the front
of the rim (TAKES 8 SHOT) shoot // follow through, // (TAKES 9 SHOT) // //
Oh, toss the ball, bounce it twice, bending looking over the front // of the rim
(TAKES 10 SHOT) and oghh, // // (TAKES 11 SHOT) //

toss the ball, approach the line // bounce it twice, looking over the front of the rim,
(TAKES 12 Si30T) // oh my god, // // (TAKES 13 SHOT) //

toss the ball, the line, // twice, looking over the front of the rim (TAKES 14

SHOT) and follow through // // (TAKES 15 SHOT) //

/(SC(:(.MS(BQ) toss the ball, // my foots at the line, two bounces, looking over the front of the rim,

N 14 G)
ASCHY

1ABE)

(TAKES 16 SHOT) // follow through, // // (TAKES 17 SHOT) //

toss the ball, // take two bounces, looking over the front of the rim (TAKES 18
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Nla\ SHOT) // follow through, but it's off, // // (TAKES 19 SHOT) //

ec E: Alright, you have one more talking one
Qe S: and one more normal?

ER E:  justone more talking //

REC S: Jjust one more talking? Ok

&)

SR toss the ball, take two bounces // my knees are bent, looking over the front of the
1SCRN)

TXHE) rim (TAKES 20 SHOT) follow through

TOTAL TIME: 5 Minutes 53 Seconds
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ER
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Transcribed Protocols

E = experimenter

S = subject

Subject #13

TASK THREE

[ am to perform 10 foul shots, being careful to take my time and consider, //
considera, concentrate upon the successful completion of each // attempt.
Immediately upon release of the ball I am to verbally indicate whether or not I //
believe my shot is going to be successful. If 1 think my shot is going to go in / I
am to say "yes". If I think my shot is not going to go in I say "no". // Afier
providing my prediction for each shot I am to verbally indicate why I1// thought my
shot was or was not going to go in, regardless of whether or not it actually // did. I
am to step off the line after every two foul shots // and reposition myself. Any
questions that I may have regarding // task performance may be raised at any point
during performance of the task. During the // performance of this task all of my
actions and instructions will be recorded using a video camera. That's fine //

Ck

yup

any questions?

No // I go?

whenever your ready

(TAKES 1 SHOT) Yes //
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’ég Uh, // 1, felt like a, a smooth motion, it felt likc my arm was straight and then
everything // was in one straight line.
ec B2 Ok/
S: (TAKES 2 SHOT) Yes
KR
same thing, I felt like a smooth // smooth pattern
(TAKES 3 SHOT) // No, oops
—é(é cause I felt like it was off to the uh left a little bit more than // it should of been. 1
felt like my arm came across my body a little bit more //
(TAKES 4 SHOT) Yes
1sC same as before, // smooth motion, //
(TAKES 5 SHOT) Yes
A3C even though // it was gonna hit the front of the rim I knew that the roli, because 1
followed through, it was, it was good enough that it wouid go in //
(TAKES 6 SHOT) Yes, oops // //
KR I thought it was going // in just because it felt the same as the other ones, but I

had, again I put it off to the side a little bit too much //
(TAKES 7 SHOT) Yes //
smooth motion,
EC E: pardon me
1 S: it was smooth motion with my whole // body continuous //
(TAKES 8 SHOT) No, oh

“AsC I thought I had put too much uh, too much /7 on the, the uh release of the ball, I



T, KR
KR
E:
S:
E:
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thought it was gonna hit the back of the rim and come out //
(TAKES 9 SHOT) Yes //
smoc;th motion, same as before, felt comfortable //
(TAKES 10 SHOT) Yes
same, it felt very comfortable // to shoot //
(TAKES 11 SHOT) Yes
very comfortable to shoot that too
actually that was number 11 //

Oh was it

Yes, I didn't want to stop you, you were on a roll

TOTAL TIME: 3 Minutes 6 Seconds (to the end of the comments for the 10th shot)
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Appendix E

Tables Used in Data Collection and Preparation



Table E1:

Sub# _T# 2

Visual Protocol Data Checklist for Task Two
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shot 1

shot 2

shot 3

shot 4

shot 5

shot 6

shot 7

shot 8 shot 9

shotl0

S5C1 3a/3b/3¢

2af2bi2c

la/lb/lc

58C23

2

1

S8C73

2

I

S8CI10 3

TSC3 3

TSC4 3

TSC6 3

TSC7 3

[ 35}

I

TSC10 3

2

1
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shot | shot 2 shot 3 shot 4 shot 5 shot 6 shot 7 shot 8 shot v shotio

TSCI11 3

2
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Appendix F

Data Supplements
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Table F3

Collapsed MSC, Verbal Protacol Data for Group One (Experts) and Group Two
{Novices) at Task One

MENTAL
(MSCI,MSC2,MSC3)

Subjcct # Group One  Group Two
(Experts) (Novices)

1 0 0
2 0 0
3 1 0
4 1 0
5 0 1
6 0 ¢
7 0 0
8 0 0
9 2 1
10 0 0
11 0 2
12 2 0
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