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Abstract

Menmbers of three baseball teams for 13-to~l4-year-olds and four
teams for 10-to-l2-year olds participated in a season-long study of
their skills, knowledge base, and game performance. Subjects were
weighed, height measured, skill tested at base running speed and
throwing for distance and accuracy, game performance coded (position,
control of ball, correctness of decision as to play to make, and proper
execution of that play), and took a multiple-choice baseball test.
Coaches supplied batting averages, and ranked their players into three
levels (best, medium, and poorest players).

As the lowest ranked players generally got little playing time (the
league had no xﬁininmm—play rule), meaningful comparisons of top and
bottom rank players were not feasible. Therefore, the one or two best
players with camplete data from eaéh team were campared as a group to
the one or two poorest who had adequate data, including performance
scores from at least three games. This resulted in four groups: high
and low within each age group. The rark groups were campared within age
and the low rank older players to the high rank younger players, in the
expectation that high and low players of an age would be different, but
those in the cross-age comparison might be similar. For the older
subjects, rank differences were found for batting averages, controlling
the ball in games, and knowledge test scores (high players were superior
on all three measures). Analysis showed only one difference for younger

X



players: the better players got to play more. The cross-age camparison
results were as expected; the only significant differences were that

older players were older, taller, and had more years of experience.



Skill and Knowledge Base Attributes of Young Baseball players

To say that children do not perform to adult levels at verbal and
motor tasks is to state the obvious: adults show an overwhelming
performance advantage in acquiring and remembering skills and knowledge.
Three lines of theory have emerged to explain this age-related
discrepancy.

First, it has been proposed that these changes reflect structural
develcmment of the central nervous system and are, as such, hard wired. |
Pascual-Leone and Smith's (1969) elegant equations with their supporting
data detailing age-related changes in mental capacity fall within this
realm.

A sécond line focuses on the influence of strategies or mnemconics
on mamory performance (Chi, 1976; Flavell, 1970; Naus & Ornstein, 1983;
Ornstein & Naus, 1979; Thamas, 1980; Thamas, Thomas, Lee, Testerman, &
Ashy, 1985). Such research has consistently found that imposing
strategy use on children has improved their performance at memory tasks,
though generally not to the level of adult performance.

Finally, recent research suggests that it is not capacity which
changes so much as its effective use (Brown & Deloache, 1978; Chi, 1976,
1978, 1981; Lindberg, 1980; Ornstein & Naus, 1979). To again use the
conveniently analogous computer terminology, it is the development of
software which effects the performance changes. In view of work such as
Chi's (Chi, 1976, 1978; Chi & Koeske, 1983) demonstrating adult-like

performance and strategy use in children with high knowlédge of the
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topic under study, it appears that changes in structure are not the
cause of the strides in performance children past age five make.
(Reliable data are not available for younger children.)

Anderson's framework (1976, 1982) proposes an explanation for how a
workable knowledge base is develcped. Fundamental to the process is
acquisition of declarative knowledge, factual information which one
either has (knows) or one does not. Procedural knowledge is developed
on the foundation of declarative knowledge. These productions require
connecting pieces of declarative knowledge so as to work toward reaching
a goal. For example, declarative knowledge about rules governing
putting a man out in baseball would be used to form procedures carried
out by the player with the ball. Based on factual knowledge, the player
would "know" whether to tag the rumner or just the base.

Procedural knowledge (as productions) development parallels that of
motor programs in several ways. As motor learning progresses fram an
initial cognitive phase in which the learner must translate a verbal
understanding of what body part goes where when into action, knowledge
begins with items of declarative information whose relation is imposed.
Fitts and Posner's (1967) framework of learning stages is a useful way
to describe skill acquisition, though the analogy could be drawn with
other frameworks.

With practice, one goes through the associative phase, in which
coordinative structures are established, decreasing the degrees of

freedam a motor task requires. Also with practice, nodes of knowledge
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became linked so that accessing one makes other, related nodes
available. Anderson (1982) noted the relation that forming procedural
knowledge has to intermediate stages of learning.

Finally, the autonomous stage is reached, so that motor programs
are smoothly executed without conscious control or with less attention
than before, or one knows vhat to do without extended memory search for
declarative details or lengthy camparisons of altermatives.

The glreater the knowledge base, the more nodes (concepts or items
of information) and the denser the network of links between those nodes,
rather like a thoroughly cross—-referenced paper, which is more liable to
be discovered in a literature search than one that appears under only
one or two descriptive headings. As knowledge increases, so do the
nuber of nodes and their comnections, as well as the ability to make
meaningful linkages so that information is easily and appropriately
recalled.

Logically, knowledge base and strategy use must have an upwardly
spiralling relation—-as one increases, effective use of the other is
furthered, thus allowing continued improvement in the former, and so on
thréugh the process of developing expertise.

'Programming rules of behavior is no simple task. Anderson (1982)
estimates "at least 100 hours of learning and practice (are needed) to
acquire any significant cognitive skill to a reasonable degree of
efficiency.” (p. 369) In baseball, his statement (p. 373) that

application of a general rule will be preempted by a more specific one
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only if the specific rule's selection time is less than that of the
general rule's selection and instigation has particular application.
Selecting the right play in baseball is dependent on situation specifics
beyond particulars of who is where. And, as in any competitive sport,
time is a luxury players are seldam granted. The procedural knowledge
required is developed with time and practice (Anderson, 1976).

With development of expertise, procedures for processing
information change in fundamental ways. In the verbal literature, Chi,
Feltovich, and Glaser (198l) found that novices at physics approached
and categorized physics problems on a basis of superficial traits,
whereas more knowledgeable subjects made their decisions according to
underlying features (e.g., applicability of basic principles) of the
problems. Bard and Fleury (1976, 1981) showed that basketball experts'
visual processing of basketball situation diagrams was quite different
fram that of nonexperts. Experts had fewer eye fixations than
nonexperts when viewing diagrams, but they were selective about what
they locked at, while nonexperts wasted more time locking at irrelevant
details. As a result, the experts were able to learn rﬁore in less time
about what was happening in the diagrammed situations, from which they
could draw better conclusions about probable events in the game.

Chiesi, Spilich, and Voss (1979) found that experts on the subject
of baseball had better recall of game sequences than nonexperts

(Experiments 3 and 5), as well as being better able to recognize



Skill and Knowledge Base 5

previously presented material on the evidence of fragments (Experiment
2).

French (1985), in a study of 8-to-12-year-old basketball players,
found that knowledge and decision making in games not only contributed
to children'’s classification as good or poor players, but that knowledge
development across the season was related to concamitant changes in
quality of play in games.

Players with a greater knowledge base thus have an advantage in
knowing what to do, and that knowledge base, carbined with practice,
allows efficient generation and execution of the selected play. Even
though these players have a greater repertoire of actions fram which to
select, selection is rapid because of their more effective search and
retrieval skills (McCloskey & Bigler, 1980) and ability to predict
probable game sequences (Chiesi et al., 1979; Bard & Fleury, 1976).
Experts have the additional advantage of being better able to gauge the
paths of balls and pucks (Bard & Fleury, 1981; Jones & Miles, 1978;
Starkes & Deakin, 1984; Tyldesley, 1981).

Once attained, productions and motor programs have similarities. A
key trait of both is flexibility of application (Anderson, 1982;
Schmidt, 1982b), so that appropriate use is possible for a variety of
settings. A second is the previously discussed element of
autamaticity-—the lack of cognitive involvement needed to execute motor
programs and select productions (Anderson, 1982; Schmidt, 1982a, pp.

149-150).



Except for French's (1985) study with basketball players, knowledge
base and expertise has not been examined in a sport setting. The
purpose of this study was to examine the differences for knowledge base
and physical skills in game performance of young baseball players.
Specifically, the following questions were considered:

1. In what ways--skill, knowledge,.physical traits--do baseball players
identified as being of high and low playing ability differ?
2. Vvhat differences exist between older, generally more experienced
baseball players and younger players on the various factors?

Method
Subjects

Members of seven American Legion baseball teams--three C League
teams, made up of 13-to-l4-year-olds, and four D League teams, made up
of 10-to-12-year-olds~—served as subjects. Informed parental consent
was cbtained, and participation by the athletes was voluntary.

Descriptive data for the teams are shown in Table 1.

Insert Table 1 about here

Instrumentation

A year before carrying out this study, a pilot study was conducted
with menbers of two local youth league baseball teams (Humphries &
French, 1984). It was then that the coding instrument for games, the

skill tests, and the basis of the knowledge test were developed.
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Reliability testing was done with fifth and eighth graders fram a
neighboring school system, on the assumption that tests which proved
reliable for them would also be reliable for all children in those
general age ranges. Reliability for all tests was reconfirmed for study
participants.

The 50-item multiple choice knowledge test (French & Humphries,
1985), based on the test used in Humphries and French (1984), was given
to all subjects. A baseball expert, a collegiate all-American who has
remained involved with baseball, critiqued the test before it was
piloted. He evaluated it as to whether it reflected knowledge relevant
to playing the game and whether it was balanced in its coverage. His
suggestions were followed up, including same which increased clarity and
accuracy (e.g., changing the description of the strike zone from

shoulders to armpits). Preliminary testing indicated a KR-20 of .76 for

fifth graders and .83 for eighth graders. Based on the item analysis
done on fifth graders' scores, several items were altered before testing
eighth graders, which accounts in part for the reliability differences
between the groups. KR-20 values for subjects in this study were .73
overall, and .74 and .66 for younger and- older participants,
respectively. Despite acceptable item analyses in the pilot testing,
the study participants found half the items too easy. Tests were
rescored using only the 25 items of acceptable difficulty (.20 < index
of difficulty < .80). All questions retained an acceptable index of

difficulty. Overall, the KR-20 went to .62, and to .70 and .43 for
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older and younger players, respectively. On this basis, scores on the
short form of the test are considered more indicative of differing
knowledge levels for older subjects, but inadequately reliable for the
younger group.

Children were timed to .l s at three trials of running two bases
(from first to third). Pilot testing reliabilities of .93 and .96 for
fifth and eighth graders respectively were confirmed for study subjects
at .92 for older and .91 for younger subjects. Bases were 58 and 68 ft
(17.67 and 20.72 m) apart, for runs of 116 and 136 £t for younger and
older subjects, respectively.

Throwing skill was measured by having each child throw a baseball
at a4 ft (1.22 m high) x 5 ft (1.52 m wide) target 10 times fram behind
a line 80 ft (24.38 m) from the target for younger and 90 ft (27.42 m)
for older players. These distances are the approximate distances of a
throw from the shortstop to first base in the two leagues. Target size
reflects an area which a first baseman may cover with reascnable
success. Each attempt was scored as 2 points (hit in flight), 1 point
(hit on first bounce), or O points (miss). Pilot testing w1th fifth
graders indicated ‘adequate reliability, R = .82. For study
participants, R = .75 for younger and .36 for older baseball players.

Players' batting averages were used as a measure of hitting skill.
This resulted in same subjects' scores being based on more trials than
others', but is more indicative of game skill than scores collected at

practices would have been.



Game skills were coded using the same instrument used in the pilot
study. Four to seven games per team were coded. Each person's
involvement on a play was coded (0 = no; 1= yes) for whether he was in
position (due to the nature of the game, this might be more accurately
described in many situations as moving to the ball), controlled the
ball (caught on the fly or without running around it or more than
momentary juggling), made the correct decision (hold the ball, throw it,
throw to whom), and executed that decision (threw the ball so that its
intended recipient could or éhould have been able to catch it). Less
than four categories were coded for same plays, as when failure to
control the ball would preclude making a decision. Decision rules were
déveloped for each category. Overall intrarater reliabilty of .86 was
established by coding and recoding the same videotape of part of a game.
Reliability was .90 for position, .83 for control, .94 for decision, and
.85 for execution. Recoding was done after an interim of several days;
to avoid memory benefits. Filming and game coding were done behind the
backstop, slightly left of home plate for an unobstructed view.

Testing

The knowledge test was administered at regular team practices,
after games for two teams, at a special meeting for one team, and in the
hames of three subjects Qho missed their team's regular testing session.
In all settings, the test and scoresheet were explained and each

question and its answers read aloud to the subjects.
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Performance factors were included in the study because differences
in knowledge between different skill levels may not, in and of
theméelves, mean anything. They may reflect only that better players
learn more about the game than poorer players by virtue of getting to
play more. Size (height and weight) was also included, as it is
expected to affect performance by giving greater leverage for throwing,
and is positively correlated to strength. Subjects were weighed and
measured at practices. The same scale was used for all, placed on level
concrete surfaces each time. Weight was recorded to the nearest pound,
then converted to kilograms. The same centimeter measure, taped to a
wall, was also used each time. Skill testing was done at practices.
Throwing was tested after the players had warmed up. Total scores for
the 10 trials were used in analyses. Running was timed after the
throwing test, and averages for each subject's 3 trials used.

Total number of innings played of those coded was included as well,
as better players were expected to have more playing time than poorer
players. There was no minimum-play rule for these teams.

During the season, each coach was asked to rate his team members so
that they formed three groups of approximately equal size. The groups
were Rank 1 (high), Rank 2 (medium), and Rank 3 (low) level players.
These ratings were returned to the experimenter, but not opened until

‘data were collected.



Analysis

As poorer players received little playing time, meaningful
camparisons of highest and lowest ranked players were not possible. In
the older league, Rank 1 players played in 88.6% of innings coded, while
Rank 3 players saw action in 20.9%. Distribution of playing time was
| more equitable for the younger players--86.3% for Rank 1 and 54.1% for
Rank 3—--largely because two of those four teams had only two or three
substitutes available.

Therefore, the one or two best and poorest players from each team
on whom adequate data were available were selected and their scores
compared. Four groups were formed: high older league (CH), low older
league (CL), high younger league (DH), and low younger league (DL).
Players included had to have played in at ieast three games and have
scores for all tests and physical measures. In a few cases, necessity
dictated that subjects whose weight, height, batting average, or age
were urknown be included. (Batting averages were unavailable for one D
League team.) When deciding between two players for inclusion in this
group, the one with the most top scores in the four game measures,
batting average, score on the knowledge test, running speed, and amount
of playing time was chosen. The low groups' mambers were selected on a
similar basis, except that choices between two weak players were made on
the basis of which had more poorer scores on the aforementioned factors.
Weaker players, even those good enough to have seen at least moderate

amounts of play, generally were at positions other than pitcher,

11



shortstop, or center (e.g., right or left field, second base), though
there were exceptions in both highvand low groups. Many of those in the
low groups in both leagues were ranked in the middle group by their
coaches, as only one older and six younger Rank 3 subjects had adequate
game performance scores to be included in this subsample. Besides
getting less playing time, they typically were pﬁt in at right or left
field or on base and never got to handle the ball.

Three sets of t tests were performed to contrast high and low older
players, high and low younger players, and low older with high younger
players. As the age groups are continuous, it was thought that the best
younger players and the poor older players might be similar. A
significance level of .10, higher than standard, was deemed appropriate
due to the exploratory nature of the study and because the conservative
Bonferroni technique (Green, 1978) was used to control for
experimentwise error rate, so® = .033 for each comparison.

To determine how the two age groups differed, t tests (¢ = .05)

were carried out for age, height, weight, batting averages, playing
experience, knowledge, the four game measures, and playing time.
Results
Within the older league, better players were significantly superior
to poorer players at controlling the ball in games, t (9) = 2.85;
batting averages, t (8) = 2.62; and scores on the short form of the
knowledge test, t (9) = 2,57. They did not differ significantly on age,

t (9) = 2.30; height, t (9) = 2.03; weight, t (9) = 1.76; running speed,

12
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= 0.79; position, t (9) = 2.46; decision, t (9) = 0.91; execution,

Iet

—

(L]

S
[

= 0.57; experience, t (9) = 0.00; or playing time, t (9) = 1.38.
Poorer older players were, as expected, older, t (10) = 6.17;
taller, t (10) = 3.91; and more experienced, t (10) = 3.29, than better
young players. No significant differences were found between the groups
for weight, t (10) = 1.35; knowledge, t (10) = 0.94; position, t (10) =
0.32; control, t (10) = 0.00; decision, t (10) = 1.74; execution, t (10)

= 0.57; playing time, t (10) = 1.95; or batting average, t (5) = 1.05.
The only significant difference in the younger league was that
better players saw more playing time, t (13) = 4.27. No differences
were found for age, t (13) = 0.30; height, t (11) = 0.74; weight, t (11)
= 0.25; knowledge, t (13) = 1.67; runnix;xg, t (13) = 1.48; position, t
(12) = 0.72; control, t (12) = 0.53, decision, t (13) = 0.00; execution,
t (13) = 0.92; experience, t (13) = 1.27; batting average, t (7) = 0.91;

or throwing, t (13) = 1.10.

Insert Tables 2, 3, and 4 about here

When all older participants were compared to all younger players,
they were significantly older, t (74) = 14.83; more experienced, t (74)
= 5.04; heavier, t (70) = 5.03; taller, t (70) = 8.05; and more
knowledgeable, t (75) = 3.29. There were no differences for batting

average, t (60) = 1.03; position, t (85) = 1.00; ball control, t (84) =



0.26; decision, t (84) = 0.24; execution, t (81) = 0.00; or playing
time, t (92) = 1.60.
Discussion

The original research questions can be partially answered in this
study. As in French (1985), better older players differed from weaker
players by having a superior knowledge of the game, in addition to these
players being better at fielding and batting. The extent to which these
differences are products of ability and expertise and/or other factors
is debatable. That poor older players were not more knowledgable. than
good younger players, even though they were more experienced, further
argues for same importance of sport-specific knowledge base.

The differences between the leagues when campared as wholes were
what one might expect--13-to-l4-year-old baseball players are older,
taller, heavier, more experienced, and more knowledgeable than
10-to-12-year-old players.

The data support the expectation that differences in game knowledge
a;:'e important to older players' general playing skill. Remember that
older here is -still young--13 to 14 years old. As the significant
contrasts within the age groupings were essentially of the top players
to the middle rather than to the poorest players, these findings have
implications beyond what was expected on the basis of previous research.

Differences in players of this age have particular meaning. Ball
control and batting development are dependent on a mumber of things.

Abilities of hand-eye coordination, quickness of hand and arm movement,
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timing, etc. obviously play a role. Individual rates of development are
a factor, especially for the older age group in this study. Although
subjects' levels of maturity were not formally determined, a large
mumber of Rank 1 players in the older league were taller, more muscular,
and were developing facial hair, in comparison to Rank 3 players, who
generally appeared to be prepubescent. No such trends were apparent
among the younger players. As Tables 2 and 3 show, the ranks in that
league were essentially homogeneous, while the older league's ranks
evidenced consistent trends toward differences in age, weight, height,
knowledge, batting, running speed, and ball control. That better
players geﬁ to play so much more, thus honing their skills, widens the
gulf between the levels of players. Two areas affecting playing ability
remain which may be manipulated by coaches and teachers. Knowledge of
the game can be taught, and practice of skills and techniques may be
given to all, in both practices and games.

Results are not as clear cut as in similar studies. A lack of
interteam hamogeneity, an abiding hazard of doing field research,
probably was a factor here. Second, more variables were included in
this study than in most studies on knowledge base and expertise, because
they are expected to be important- to playing skill, precluding any
multivariate analysis which might indicate relative contribution of the
different factors. Third, the lack of game data on the poorest players
makes comparison unrealistic. Many Rank 3 players had no game data,

because they played as little as one inning in the four to six games
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coded for this study, and that in the outfield after the opposing team
had been soundly defeated.

These were problems with both leagues. It is possible that
knowledge base is more important to game performance for older players,
so that differences for that group were robust enough to appear despite
difficulties.

Inescapably, one factor surfaces as essential to achievement
regardless of the framework within which one's research is cast:
pra;:tice. Theories and research in motor behavior (Adams, 1971;
Schmidt, 1975), cognitive psychology (Anderson, 1976; Chase & Ericsson,
1981), and pedagogy (Fisher et al., 198l) always return to a common
theme, that acquisition of verbal and motor skills is ultimately
dependent on repeated experience.

Future research along the lines of this study is indicated. More
intensive cbservation of subjects across the season(s) presents itself
as a promising lead for future research. This might give insight into
changes across the season and game-to-game consistency of different

levels of players.



