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Abstract

The purpose of this paper was to examine the relation of sport
specific knowledge to the develomment of sﬁilled baskethbhall
performance in children. Three experiments were conducted. The
first experiment established the reliability and validity of
instruments used to measutre basketball knowledge, dribbling skill,
shooting skill and individual components of offensive basketball
performance--control, decisiﬁns, and execution. The second
experiment compared expert and novice basketball players in two age
leagues, an 8- to 1@-year-old league and an 1l- to 12-year-old
league, on the individual components of performance and on measures
of basketball knowledge, dribbling skill, and shooting skill. The
cognitive decision making component maximally discriminated expert
and novice basketball players and expert players of both age groups
possessed more shooting skill and more basketball knowledge.
Canonical analysis indicated that basketball knowledge was related to
decision making skill in basketball, whereas dribbling and shooting
skill were related to the motor components of control and execution.
Experiment 3 examined the changes in the individual components of
performance, basketball knowledge, dribbling skill, and shooting
skill from the beginning of the season to the end of the season.
Subjects improved in the cognitive decision making component of
performance across the course of the season and basketball knowledge
increased from the beginning to the end of the season. Only

xiii



basketball knowledge was a significant predictor of the decision
making component at the end of the season. The overall results of
Experiments 2 and 3 indicate that the development of the sport
knowledge base plays a salient role in skilled sport performance of
children. In particular, many of the deficits of young children in
youth sports may be due to lack of sufficient sport knowledge which
is necessary to make appropriate decisions within the context of

sport.
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Introduction

Much of the research in developmental learning has attributed the
performance deficits of children to three areas: the capacity of working
memory, the development and efficient use of mnemonic strategies, and
lack of a sufficient knowledge base. Researchers in verbal learning as
well as motor skills have spent considerable effort studying the former
two (Chi, 1976; Flavell, 19789; Naus & Ornstein, 1983; Pascual-Leone &
Smith, 1969; Thomas, 1980, 1984). Only recently have researchers in
verbal learning examined the relation between the knowledge base and
performance of children. Several studies (Chi, 1978; Chi & Roeske,
1983; Lindberg, 1988; Ornstein & Naus, 1984) suggest that the existence
of domain related knowledge significantly improves the performance of
children in memory tasks.

Chi (1978) was instrumental in demonstrating that lack of
sufficient knowledge may explain many performance deficits of children.
She compared the recall of plausible middle-game chess configurations by
child experts and adult movices in chess. The child chess experts
recalled significantly more chess configurations than adult novices.
Lindberg (1988) reported similar findings for recall of information more
familar to children than adults. These findings suggest that children
can and do perform better than adults on memory tasks when the children
possess more extensive knowledge than adults concerning the information
to be remembered.

Lack of sufficient knowledge may also influence the performance of
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children in sports in which the highly skilled performer must possess a
repetoire of cognitive decision making skills as well as motor skills.
In order to accurately make appropriate decisions, sufficient sport
specific knowledge must be developed. This includes knowledge of the
rules, the goals and actions of the game, and offensive and defensive
strategies. Many of the performance deficits of children may be due to
lack of knowledge of what to do in situations within the context of the
game. No empirical investigations have been conducted to examine the
relation of sport specific knowledge and cognitive skills involved in
the sport performance of children. Investigation of the relation of
sport specific knowledge and sport performance is important for two
reasons, First, the existence of sport specific knowledge may
facilitate the performance of children in sport. This finding would
have implications for frameworks of developmental learning. Second, the
role of cognition in the development of skilled performance has received
little attention. Furthermore, few studies have been conducted in a
naturalistic environment which makes generalization of findings to real
world situations difficult. The purpose of this paper is to eﬁamine the
role of cognitive decision making.skills and sport specific knowledge in
the develomment of skilled performance of children in a given sport,
basketball.

Although a few studies have examined the relation of knowledge to
the performance of children in verbal memory tasks, a number of studies
have compared the performance of adult experts and novices in a variety

of knowledge domains. Generally, these studies have shown that experts



possess greater amounts of knowledge, structure knowledge differently,
and exhibit superior performance on a variety of tasks. Discussion of
the literature on adults provides insight into the manner in which
skilled performers of all ages structure knowledge and how they use this
knowledge to facilitate performance.

Knowing more is conceptualized in semantic networks as having more
nodes, more features defining each node, and more interrelating nodes
(Chi & Glaser, 198¢). Several studies in verbal learning have examined
the semantic networks of experts and novices in a variety of knowledge
domains, for example, dinosaurs, (Chi & Koeske, 1983), chess (Chase &
Simon, 1973, Chi, 1978), psychological disturbances (Murphy & Wright,
1984), bridge (Charness, 1979), Go (Reitman, 1976), and baseball
(Chiesi, Spilich, & Voss, 1979; Spilich, Vesonder, Chiesi, & Voss,
1979). 1In addition, two studies have examined the structure of game
related information of expert sport participants (Allard, Graham &
Paarsalu, 1986, basketball; Starkes & Deakin, 1984, field hockey}. The
results of these studies substantiate that experts have more concepts
with more defining features within each concept. Furthermore, Murphy
and Wright (1984) and Chiesi, Spilich, and Voss (1979, experiment 4)
reported a high degree of consensus concerning the features generated
for a given concept, which suggests that information is organized
similarly by experts within a given domain. When asked to recall
information from the knowledge domain, the expert has the distinct
advantage of having access to more and better organized chunks of

information which reduce the demands on short term memory and aid in



retrieval of information from long term memory. Thus, the recall of
domain related information is significantly better for experts than
novices.,

Chi, Feltovich, and Glaser {(1981) and Adelson (1984) have shown
that experts exhibit superior ability in problem solving tasks. In each
study, verbal protocols obtained during problem solving situations
provided evidence that experts represent problems in a different manner
than novices. Both studies éuggest that experts possess a greater
amount of knowledge, form more abstract representations of problems, and
restructure the existing knowledge so the solution to the problem is
apparent.

Individuals with greater knowledge have also been reported to
process inpuf information within the knowledge domain in different ways.
Chiesi, Spilich, and Voss (1979) and Spilich, Vesonder, Chiesi, and Voss
(1979) examined the recall of new baseball related text. The results
indicated that individuals with greater knowledge of baseball perform
significantly better than individuals with less baseball knowledge in
.detecting changes in baseball descriptions, making judgments based on
less information, recalling passages of scrambled text, keeping track of
the order of events in the text, and recalling sentences when a context
sentence was provided.

Several studies have also shown that adult expert sport
participants process different cues than novices. Bard and Fleury
(1981) found that experts were better able to predict the flight of a

hockey puck. Furthermore, experts tended to use stick cues to make



their predictions whereas novices were more likely to make their
decisions after the puck was already in flight. Jones and Miles (1978)
found that experts could mage better predictions of the flight of a
tennis ball than novices. Bard and Fleury (1976) presented subjects a
series of slides depicting offensive and defensive configurations in
baéketball. The task required subjects to make decisions concerning
whether to pass or shoot in the situation. Experts made decisions
faster than novices and tendéd to fixate eye movements on pairs of
offensive and defensive players whereas novices tended to ignore the
positions of defensive players.

Although there are a limited number of studies which have examined
the relation between knowledge and cognitive skills involved in sport
performance, these studies support the findings of the verbal
literature. 2dult experts have superior recall of game structured
information {allard, Graham, & Paarsalu, 1980, basketball; Starkes &
Deakin, 1984, field hockey), use different cues to make predictions of
the flight of an object (Bard & Fleury, 1981, hockey puck; Jones &
Miles, 1978, tennis ball; Starkes & Deakin, 1984, field hockey), and use
different cues to make decisions within the context of a game situation
(Baxd & Fleury, 1976, basketball).

The existence of domain related knowledge has been found to enhance
the performance of adults in verbal learning tasks and in cognitive
tasks involved in sport performance. In addition, the knowledge base

has been shown to explain many of the performance deficits of children



in memory tasks. Lack of sport specific knowledge may also explain many
of the performance deficits of young children in various sports.

When children enter into youth sport, they generally lack a
sufficient knowledge base of sport specific information. This includes
knowledge of the rules, the goals and actions of the game, and offensive
and defensive strategies. Without such knowledge, the quality of
decisions made within the context of the game greatly suffers. Often
the decision concerning the éppropriate action in a certain situation is
as important as the execution of the motor skill to carry out the
action, Many of the performance deficits seen in young children in
various sports may be due to lack of knowledge of what to do in the
context of a given sport situation.

Children often possess limited skill in specific sport skills,
Therefore, the contribution of motor skill execution to skilled
performance in sport cannot be ignored. Both the quality of decisions
and the quality of skill execution determine successful performance in
sport. However, different factors may contribute to the development of
skilled performance in decision making ability which are not associated
with skill execution and vice versa. Knowledge should influence
decisions, whereas skill development should influence execution of motor
skills during actual play. Both knowledge and skill should influence
the develomment of overall skilled performance.

The purpose of this paper was to examine the contribution of
basketball knowledge and specific basketball skills to the development

of skilled decision making and motor skill execution components of



overall performance of children in basketball. The first step in
empirical investigation of these relations was to develop the
instrumentation to measure the separate components of
performance--decisions and motor skill execution. The manner in which
this paper has attempted to separate the decision making and motor
components of performance is to assume that offensive performance in
basketball typically occurs in the following sequence: a player catches
the ball, a decision is made-concerning the appropriate action, and the
execution of the skill is carried out. The decision component would
involve the selection of the skill (i.,e., hold the ball, pass,ldribble,
shoot), as well as where to pass or dribble, which teammate to pass to,
what direction to dribble, when to shoot, when to stop dribbling, etc.
With this operational definition of decisions, the quality of decisions
can be inferred from the observation of children during actual game
play. The quality of catching the basketball and the quality of
execution of dribbling, passing, and shooting can alsoc be observed.
Although catching the basketball is in fact a motor execution, gaining
control of the basketball will be considered as a separate component due
to the sequeﬁce in which offensive actions typically take place in
basketballA.

In addition to the observation of actual game performance,
instruments were also designed to measure basketball knowledge,
dribbling skill, and shooting skill. Experiment 1 was designed to

obtain reliability and validity of these instruments.



Before sport specific knowledge can be directly related to sport
performance of children, it is important to establish that cognitive
decision making skills are an important component of skilled performance
in children. The actual game performance of a group of expert and
novice basketball players of two age groups were observed in Experiment
2. If cognitive decision making skills are an important component of
skilled performance, the decision component of perfromance should
discriminate between expert énd novice players of both age groups. The
expert and novice players of both age groups were also measured on
dribbling skill, shooting skill, and basketball knowledge. Based con the
findings of Allard, CGraham, and Paarsalu, (1988) and Starkes and Deakin,
(1984), expert basketball players of both age groups should possess more
basketball knowledge than novice players of both age groups. The
relation between the factors of basketballrknowledge, dribbling skill,
and shooting skill and the individual components of performance was also
examined. Basketball knowledge should be related to the decision making
component of performance, whereas dribbling skill and shooting skill
should be related to the motor components of performance--control of the
ball and skill execution. The establishment of a relationship between
sport specific knowledge and the decision component of performance would
support the findings of Chi (1978) and Lindberg (198#) in the verbal
literature.

Experiment 3 was designed to examine the changes in knowledge,
skill, and actual game performance over the course of a basketball

season., 'The improvement in the decision component of performance may



occur at a faster rate across the course of the season than the
improvement of skill execution since the acquisition and refinement of
motor skills is a gradual process. Furthermore, the acquisition of
sport specific knowledge may be more highly associated with this rapid
improvement in performance rather than improvement in skill level.
Experiment 1
Method

Basketball Knowledge Test

A 50 item multiple choice test was constructed to assess basketball
knowledge, The content of the test was judged by two experts in
basketball and deemed as a valid measure of basketball knowledge. The
reliability and concurrent validity of the test was determined by
administering the test to a group of basketball players and nonplayers.

Subjects. Thirty-six students at Goodpine Middle School, Jena,
Louisiana served as subjects. Twenty subjects played organized
basketball on the school team. The remaining 16 subjects were randomly
selected from physical education classes. The age of the subjects
ranged from age 1@ to 12. Each age level was equally represented in
both the basketball player and nonplayer groups,

Procedures. The subjects were administered the knowledge test in a
standard classroom., Each subject had a copy of the test; however, the
experimenter read each question aloud to minimize the influence of
reading ability. Subjects were instructed to listen to the entire

question prior to selecting an answer. Once the entire question had
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been read, subjects were instructed to respond. This process continued
"~ until all 5@ items had been completed.
Skill Tests

The speed spot shooting test and the control dribble test were
chosen from the AAHPERD Basketball Skill Test (Hopkins, Shick, & Plack,
1984) to evaluate basketball skill. Both tests have been shown to be
valid and reliable measures of basketball skill for age 11 through the
college level using a standafd size basketball and a standard size goal.
The subjects of Experiment 2 and 3 participate in a league which used a
junior size basketball and a lower gcal. Thus, reliability estimates
were obtained using the junior size basketball and the lower goal.

Two modifications were made in the speed spot shooting test to
accomodate the memory deficits and limited ball handling skills of
younger children, First, subjects were allowed to shoot up to four
layups in succession., 'The original test prohibits successive layup
shots. Second, subjects were not penalized credit for shots made after
a ball handling error. In the original test, subjects dé not receive
credit for any successful shot after a ball handling error.

Subjects. Twenty fourth-grade and 2¢ sixth-grade students from
Goodpine Middle School served as subjects. Subjects were randomly
selected from physical education classes.

Procedures. The control dribble test and the modified speed spot
shooting test were administered in a regular gymnasium using a junior
size basketball and a portable goal adjusted to a height of 3 m (8 feet

6 inches). With the exception of the modifications of the speed spot
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shooting test previously noted, the procedures outlined in the AAHPERD
Basketball Skill Test Manual (Hopkins, Shick, & Plack, 1984) were used
té administer both tests. Both tests were administered a second time on
the following day.

Observational Instrument

An observational instrument was designed to assess the performance
of individual children during an actual game. Three categories of
behaviors were coded —-- contéol, decision, and execution. Control was
operationally defined as gaining control by a successful catch of the
basketball. Control was coded one for a successful catch and zero for
an unsuccessful catch. Once a player is in possession of the
basketball, a decision must be made regarding the appropriate action to
be performed, either hold the ball, pass, dribble, or shoot.
Furthermore, the player must decide such things as where to pass or
dribble, who to pass the ball to, which direction to dribble, when to
stop dribbling, etc. The quality of this decision was coded as one for
an appropriate decision‘and zero for an inappropriate decision. The
execution of an action was also coded. Successful execution of a pass,
drive, or shot was coded as one, whereas unsuccessful execution was
coded as zero. The number of successful catches of the basketball,
nunber of appropriate decisions, and number of successful actions
executed were divided by the number of opportunities to respond in each
category. Therefore, percentages for successful control of the
basketball, appropriate decisions, and successful execution of actions

were determined for every individual.
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Reliability. In order to establish inter-rater reliability for the
coding instrument, four Biddy basketball games were videotaped. Players
were randomly selected and their performance for a 5-minute time peried
was coded by two independent expert observers using the observational
instrument., A minimum of 90% agreement was established as the criterion
for each category of the instrument —- control of the baskethball,
appropriate decisions, successful execution.

Once the criterion of 90% agreement had been established, 1@
children were selected at random and their performance for one cquarter
of playing time during two Biddy basketball games was coded on two
different occasions. The results of the coding was used to obtain
intra-rater reliability coefficients for each category of the
observational instrument. The experimenter, who coded the video tapes,
had over 12 years of experience in playing and ccaching baskethball.

Results and Discussion

Knowledge Test

A KR-28 was calculated on the scores obtained on the knowledge
test. The results indicated the internal consistency of the test was
.36, An item analysis was also cdnducted. The median of the index of
difficulty was .54. Forty-eight of the 50 (96%) items had an index of
difficulty greater than .28. The median for the index of discrimination
was .39. Forty-three of the 50 (86%) items had an index of
discrimination greater than .20.

A t-test was conducted between the percentage of correct responses

for basketball players and nonplayers. The value for t(34) was 4.71,
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P < .01, The mean for players was 64.6% correct with a standard
deviation of 12.0. The mean for nonplayers was 44.1% correct with a
standard deviation of 13,7. The percent variance accounted for by the
group difference was 38.8%.

The results indicated that the knowledge test was a reliable
measure of basketball knowledge. Evidence for content validity was
provided by the judgment of the test as a valid measure of basketball
knowledge by two experts in Easketball. The test also was shown to
discriminate between basketball playeré and non~basketball players.
Thus, the test may be considered valid in térms of construct validity.
Skill Tests

The scores of each skill test were analyzed separately for each
grade level in a 20 x 2 (Subject x Day of Testing) analysis of variance.
Intraclass correlation coefficients were calculated for each skill test
for each grade level, 'The reliability estimates for the fourth grade
boys on the control dribble test and the speed spot shooting tests were
.92 and ,95, respectively. The reliability estimates for the sixth
grade boys was .88 for the control dribble test and .91 for the speed
spot sheooting test.

The original control dribble test and the speed spot shooting test
have been shownt to be reliable and valid measures of dribbling skill and
shooting skill, Although a different size basketball and lower goal
were used and minor changes were made in the speed spot shooting test,
adequate estimates of reliablity were obtained for both skill tests.

There is no reason to believe that the modifications of the skill tests
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substantially affects their validity. Thus, the control dribble test
and modified speed spot shooting test used in this experiment may be
considered as reliable and valid measures of dribbling and shooting
skill,

Observational Instrument

The behaviors coded using the observational instrument were
collapsed across games. Although one of the dependent variables of
interest in Experiment 2 and.Experﬂnent 3 is the percentage of
successful responses in each category of the observational instrument,
using this measure to obtain reliability could mask measurement error.
For example, the cobserver may code two out of three successful behaviors
on one occasion, On the secornd observation of the same child's
performance, the observer may have coded four out of six sucessful
behaviors. Although these are different observations, using the
percentage of successful responses‘to obtain reliability would result in
an overestimate of the consistency of the observer. Thus, the total
number of successful responses and the total number of opportunities to
respond in each category were depéndent measures. The number of
opportunities to respond for each category were analyzed in a 10 x 2
(Subject x Time of Coding) analysis of variance. A similar analysis was
cornducted using the number of successful responses in each category. In
addition, the total number of opportunities to respond and the total
nunber of suécessful responses collapsed across categories were analyzed
separately in a 10 x 2 (Subject x Time 0;4éoding) ANOVA. A reliability

estimate for each dependent measure in each category and the total



