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ABSTRACT

.The purpose of this study was to determine the relationship be-
tween skill level and perceptual-prediction ability'of college aged
female softball batters and also to determine if.the length of viewing
time affected tﬁeir perceptual-prediction ability. Of the 140 subjects
administered a batting pre-test to determine skill level assignments,

14 highly-skilled and 14 1ow~skilled-subjécts were randomly selected for
further testing on the Motion-Perception Analyzer;

The perceptual-prediction tasklrequired subjects to predict when
a moving ball would collide with a stationary target. Eaéh subject was
given five trials at 2 seconds' vieﬁing and five trials at 4-seconds'
viewing time on which to base her predictions.' The subject waé scored
according to the Mean Constant Error, Variable Error, and Absolute Error
df her five trials at each viewing period“ |

Significant differences were found between the two viewing
peripds'for subjects' VE and AE scores. ©No significant differences were
revealed between the two skill levels for scores oflaﬁl VE, or AE, nor
for the viewing periods' CE,

It was concluded that performance of the perceptual-prediction
task on the Motion-Perception Analyzer seemed to be insensitive to
differences in skill levels of female college softball batters, and that
longer viewing periods of the moving ball afforded subjects a better
opportunity on‘which-to base their predictions,

X



CHAPTER 1
NATURE AND SCOPE OF THE PROBLEM

"Keep your eye on the bali!" is a teaching cue commonly used in
many sports. Teachefs and coaches have been telling batters for years
- to look at the pitched ball up until the moment of its contact with the
bat. However, Whiting (1969) pointed out that from the point of view of
"acting upon information received" from the eyes, it is not always
possible to watch the béll all the time when a fast ball skill is in-
volved. As a result of a cinematographic analysis of university batters,
Hubbard and Sé;g (1954) were among the first to discover that the primary
basis for tracking a pitched Ball was with eye mévements; however, track-
ing with eye movements could not be continﬁed up to the actual contact
of the bat with the ball.. In evefy case, the ball was found to be
tracked no closer than 8 to 15.feet from the plate, leading the authors
to concludé that once the momentum of the swing of the bat was determined,
on the basis of previous estimates of the instant and.position at Which-
the ball would arrive over the plate, further tracking served no purpose,
Weiskopf (1975) seemed to agree with these previous findings when he ad-~
vised bétters that visualization is the basis for anticipation in athleﬁic
competition, He proposed that if a batter were properlyvtrained, he
could develop the ability to follow the ball until contact is almost

made since high speed sequence pictures had revealed that the hitter
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follows the ball only to an area approximately six feet in front of the
plate.

vCognizant of this information, the teacher or coach is faced
with a dilemma of giving the batter difficult inétructions to follow--
should he actually héve him tfy to keep his eye on the ball until contaét
or face the unhappy consequence of having the batter not track the ball
for as long as possible. Hubbard and Seng (1954) warned of this second
possibility should the performer be told that tracking of the ball's
entire path of flight is an impossible task. As an alternative approach,
correct timing with the right amount of power at the critical point has
been éuggested for learning emphasis by Poulton (as cited by Whiting
1969) .

Thus;-it can be said that involved in the execution of striking

a projectile are the factors of prédicting when the ball will be .in the
correct place for hitting, when to initiéte the stroke in order.to reach
the ball at that time, and the effort that is needed to be appliedAto
the stroke. All of this information must be computed in a fraction of a
second'to“allow the adaﬁtive responses to be executed in order to success-

fully complete the skill.

Statement of the Problem

The present study was undertaken in order to examine the relation-
ship between the batting ability 6f.fema1e softball batters and their
perceptual-prediction ability, Specifically, the study sought to-de-
termine the relationship between skill level in batting and the ability

to predict when a moving ball would strike a stationary target., A



secondary purpose was to ascertain whether the length of viewing time

affected ability ‘to predict the instant of contact in the perceptual-

prediction task.

Hypotheses

Tor the purpose of the present

were formulated.

Research Hypotheses 1

study, the following hypotheses

High-skilled college aged women batters will perform better than

low-skilled college women softball batters when performing a prediction

task on the Meotion-Perception Analyzer,

Hol

A Only chance differences

skilled batters on the prediction task

constant error scores.

HolB.' Only chance differences
skilled and 1ow—ski11ed batters on the

the batters' wvariable error scores.

HolC.

highly-skilled and low-skilled batters

Only chance differences

by the batters' absclute error scores.

Research Hypothesis 2

will be found between highly-

as measured by the batters' mean

will be found between highly-

prediction task as measured by

will be found between between

on the prediction task as measured

Both highly-skilled and low-skilled batters will perform the

prediction task more successfully following a viewing period of a moving



object for a 4-second interval than when viewing the object for a 2-

second interval.

HoZA. Only chance differences will be found between the two
viewing periods of the moving object as measured by the batters' mean

constant error scores.

HOZB~, Only chance differences will be found between the two
viewing periods of the moving object as measured by the batters' vari-

able error scores.

Eggc, Only chance differences will be found between the two
viewing periods of the moving object as measured by the batters' abso-

lute error scores.

Scope of the Study

The étudy was designed to include only those University of
Arizona female studenfs enrolled in beginning and intermediate level
softball classes'during the spring semester 1975, and, for comparison
purposes, varsity and junior varsity intercellegiate wémen softball team
members for the 1975 competitive season. Therefore, the results of the
present study must be interpreted and generalized to only women softball
'batters of 1imited ability and limited years of playing experience.
.Since the subjects in the'study were collegeé~aged and many were second
semester freshmen, their exposure to the skill of batting has bgen
1iﬁited. Even team members.would not have the expdsure-and pracfice

that a professional batter would have, for example, since the activity
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for her was one of being more ”sportﬁ oriénted rather than being that of
a profession. The abiiity.of the batters in this study was alsé viewed
within the confines of the teacher or coach's philosophy as well as the
learning cues used by her in the directions given to the batter, which
did not come under the control oflthe present study.

Further, the Motion-Perception Analyzer is not an extenéively
tested device. Test-reteét'reliability for the prédiction task performed
had not been established prior to this study._ Perceptual-prediction
ability was also operationally defined for the purpose of this study and
did not necessarily coincide with widely used definitions. However, the
investigator and her researéh assistant were traiﬁed in the use of the
- machine and held many extraneous variables constant, leading them to be
confident in results obtained on the machine as béing relatively accurate
estimates of the subjects' prediction ability as defined for the purposes

of this study.

Terminology
Terms used throughout.this study were operationally defined as

follows.

.1.. Error Scores. As suggested by Schmidt (1975), three methods of

assessing the amount and nature of the subject's error in per-

formance of the perceptual-prediction task were utilized in this

study. They are (a) Absolute Error (AE)--a measure of the
average amount by which the subject was in error irrespective of

the "earliness' or 'lateness'" of her responses. Absolute values,



rather than negative or positive values were used in the compu-

tation of this error score. (b) Mean Constant Error (éﬁ)--This

error score carried a sign value which related to the investigator
how the subject tended to respond on the average in relation to
the Mean Prediction Time (the time that was required for the mov-
ing ball to collide with the stationary target). A negative CE
designated an "early" prediction of target collision, while a -

positive CE represented a '""late' prediction. (c¢) Variable Error

(VE)--a score of the subject's repeatability of consistency in
her responses about her own mean performance (her EE),

Highly-skilled Batters. Batters scoring 46 points or better on

the batting pre-test (a score of 60 points was a perfect score).,

Low-skilled Batters., Batters scoring 28 points or less on the

batting pre-test,

Perceptual-Predictibn Ability, As measured by the Motion-,
Percéption Analyzer, this ability was the subject'g pfediction of
the precise moment when the moving ball Qould collide with the
stationary target, based on 2-seconds' and 4-seconds' viewing time
before vision was blocked and prediction of the instant of colli-
sion made,

Prediction Task. The Motion-Perception Analyzer (designed by

Morris 1972) was adapted so that the subject was allowed to view
a ball moviﬁg forward on a diagonal track at the subject’s eye
level towards a stationary targeﬁ. The subject's task was to
predict the precise moment when the moving ball would collide

with the statianary target,



Significance of the Study

In the teaching of ball skills to performers at all skill levels,
a major responsibility of the coach or teacher is to direct thé student's
attention toward the appropriate informational cués available in therr
student's enviromment. A performer may be ﬁoorly skilled for wvarious
réaéons. Poor skiil may'resﬁlt from a lack of practice, or it may be
vthat'the student has not been directed toward the appropriate information-
al cues, or even possibly, that she has been directed towards inappropri-
ate information (Whiting 1969). There are many.questions unanswered
- concerning ”appropriate" information in sports skills, particularly in
batting skills. For example, what is "appropriate'" information for
batting skills? 1Is the "appropriate”'information the same for all skill
levels? Such questions must be answered before the teacher or coach can
aid the performer in achieving his full potential. The §resent'study‘
was undertaken in an attempt ﬁo find some ansﬁers to the "Keep your eye
on the ball!h dilemma.

This study was also significant in that it carried out further-
experimentation on a testing device, the Motion-Perception Analyzer, de-
signed by Morris (1972), on which only one study had been performed |
previously. The present study adapted the machine to handle a different
task than that developed and used by Morris, and thereby further explored
the potential of the Motion~Perception Analyzer as a testing device for

measuring the perceptual abilities and tasks involved in movement skills.



CHAPTER 2
REVIEW OF LITERATURE

A review of the literature pertaining to this study is presented
ih fhis chapter. General information concerning visual perception as
well as laboratory expe iments investigating relevant aspects of visual
perception were reviewed. - Due to the lack of information available on
softball batters, studies involving male baseball batters were included B
since it was felt that the basic mechanics of batting were comparable for
the two sports.. Thus, the following review is divided into two main

sections entitled, "Perception," and "The Perceptual Skill of Batting."

Perception

Cratty (1968, p. 106) defined perception as "the process of
organiéing and giving meaning to éxperience." It is "extracting in-
formation from stimulation' which emanates fromobjects, surfaces, and
events in the world arouﬁd us; althoughbthe information ma& be differ-
ent‘from the object or event, it specifies them (Gibson 1970, p. 98).

Gentile (1972) suggested a two-stage perceptual theory of learn-
ihg. Stage one is a cognitive or exploratory stage, during which the
stddent attempts to "get the idea.of the.moveﬁeﬁt." The student identi-
fies and attends to envirommental conditions in order to formulate a

motor plan that is effective. Short-term memory of the goal and of the

A
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plan will still be available to the performer following the execution of
the movement. During stage two the orientation of the learner is to
reach a particular level of skill. 1In order to do this, he must develop
a response repertoire in which there is an exact number of motor patterns
to match the number of possible regulatory stimulus subsets. He must not
wait for the event to occur before organizing his motor play or he will -
be ineffectual due to inherent time lags in his system. Rather, he must
receive and process information concerning the - nature of extent 6f change
in order to @redict what conditions are going to be like in the immediate
future, The prediction is based on input of the immediate or more
distantly removed past. In order to facilitate the selection process,
he "primes' some patterns as more likely to be used than others,

Perception and learning are interdependent. Perception is in-
fluenced by individual factors such as personality traits, attitudes,
emotional conditions, experiences, and expectations, as well as environ-
mental variables. According to Singer (1968, pp. 82-83), in order to

"learn,'" the individual must . . .

1, . . . be able to attend--to disregard extraneous and irrelevant
information. :
2. . . . be selective in perception, thereby reducing the number of

stimuli surrounding the object and allowing it to be perceived more
easily and quickly. Selective attention is a process associated with
highly skilled performers. '

3. . . . be set; to know what to look for; to have the ability to
single out objects necessary in all motor activity. Set is demon-
strated by the learner when there is a minimal involvement of the
senses. ‘

4. . . . be motivated--must have the will to perceive if he is to
attend to the necessary cues influencing discrimination.
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5. . . . call upon previous experiences from similar situations
with the same objects to help in facilitating the perceptual
process, - ’

6. . . . have knowledge of results available to him in perceptual-
learning. The person always perceives something through his own
efforts, and knowledge of resilts helps to reinforce the perceptual
act, -even though it may not be accurate.

For the purpose of further exploring the topic of visual per-
ception, this éection has been divided into subtopics of selective
attention, psychologicél refractory periods, anticipation-prediction,
pursuit tracking, as well as the perception of space, depth, and motion.
Each subtopic will be examiﬁed individually. Studies relating to each
subtopic and having péssible implications to tﬁe present study will also

be reviewed.

Selective Attention

Skilled performance is built upon the complex interaction between
man and his enviromment. As stated by Broadbent (1958, pp. 295-296),
the skilled man must

. . . select correct cues from the environment, make decisions
upon them which may possibly involve a prediction of the future,
and. initiate sequences of responses whose progress is controlled
by feedback, either through the original-decision-making mechanism,
or through lower order loops. '

Selective attention to the display (that part of the external
environment likely to be of use--or in some cases necessary--in per-
formance of a skill) is required because of limitations of the sense
organs (Whiting 1969). The individual filters and selects one channel

. of information at a time in order to obtain efficient use of a limited

neural mechanism, which places restrictions on the speed with which items
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of information can arrive ({Broadbent 1958). Consciously, or unconscious~
ly, attention is focused upon particular areas in the athlete's environ-
ment. The particular focus is likely to be determined by past experi-
ences as well as the present skill being,ferformed. Processing the
information received gives rise to decision making which will affect

the performance of the skill (Whiting 1969).

Psychological Refractory Period

The first and ﬁost marked feature of the cerebral processing of
sensory information is its time-lag or "central delay™ (Craik 1948).
When two stimuli are presented for reaction, the time taken to.respond
to the second stimulus is sometimes unduly long when the stimuli occur
close together in time (Broadbent 1958).. If.a second stimulus succeeds
the first very'rapidly, within about 0.05 seconds, the second and the
first may be apprehended together and responded to as a single stimulus,
as if the two stimuli had registered before the computing system had
started to operate. Craik (1948, p. 145) referred fo this computing
system- as a "modification of the relation between input, or optic-nerve
message, . . . and the output, or limb movement." Stimuli arriving be-
tWeeﬁ these two intervals are eitﬁer disregarded, responded to after the
first, or cause general disturbance and conflict in the individual
(Craik 1948); In addition to being ineffective near the decision point,
advanced event informafion may even be detrimental if presenfed too
soon to the decision point (Schmidt 1968). -

According to Craik (1948), this limitation to response frequency

is not determined by the sense organ, or by muscle and 1limb, but by a
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cerebral 1limit. The central organizing fime for highly probable stimuli_
is supposed shorter than that for improbable ones, and thus, the limita-
tion is essentially ome of the rate of handling informatioﬁ.' This theory,
proposed by Broadbent (1958), of a perceptualbsystem of 1imite& capacity,
required a short-term store for information arriving while the percep-
Fual system is fully occuﬁied (Broadbent 1958). |

Even the most simple skills involve sequential, coordinated
patterns of movements of the‘various body segments (Schmidt 1968),

Ball skiils, and in particular ballistic strokes to a. stationary or
moving ball, involve short time durations. The psychological refrac—
tory period can be a decidedly 1imiting factor when added to a ﬁormal .
reaction time, which must occur before a modification to a committed
course of action can be initiated (Whiting 1969). Thefefore, time lags
inherent in the system require that the athlete plan ahead; both in
terms of the likelihood of certain events occurring and in terms of
determining which motor pattérns may be required (Gentile 1972).

One of the advantages of confusing the display for opposition
players is that they réad the cues incorrectly and make an inappropriate
response, resulting in longer than normal reaction,time ﬁo initiate a
corrected response (Whiting 1969). Thus, the successful pitcher de-

~

velops a repertoire of various types of pitches, He throws a curve

ball, a "sinker," or a 'riser,"

each pitch designed to change its flight
pattern just prior to crossing the plate. Consequently, the batter, ex-
pecting the ball to arrive in a certain area, has to adjust his swing at

the last minute to accommodate these unsuspected changes, a very diffi-

cult task to perform.



13"

Anticipation-Prediction

In human skilled performance, various means haverbeen adopted
which make it poésible for information necessary for subsequent actions
to arrive while other actions are being carried out; thus, allowing
sensory and motor conduction times to overlap (Broadbent 1958)., Evi-
dence generally indicates that anticiﬁation and timing are independént
of classical reaction time and consequently can be learned. However,
there is substantial forgetting over. retention intervals of up to five_
months (Schmidt 1968).

Detefminers of anticipation can be said to be spatial .and tem-
poral factors, Spatial anticipation is a prediction of»where a séimulus
will occur (direction, extent, etc.), while temporal anticipation in-
volves the prediction of the time of arrival of the stimuli (Scﬁmidt
1968).
| Changes in the nature of the stimulus predictability produce
different responses, The first category,known as '‘receptor-effector
anticipation" or more briefly the '"eye-hand span?” is limited by the fact
that input to and output from the organisms are somewhat incompatible,
Atrhigh rates of transmission, there cannot be too large an amount of
information within the nervous system at one time. However, at low
rates of transmission, the span can be increased by usage of é short-
term storage of recirculating informafion thfough the system during
intervals in the arrival and departure of information (Broadbent 1958),

1

In "perceptual anticipation,' the second category, long-term

storage is used (Broadbent. 1958)., Skills involving the interception of

AY
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a moving object in three-dimensional space rely upon this type of
strategy (Broadbent 1958, Schmidt 1968, Stadilus 1972, Whiting 1969).
According to Broadbent (1958, bp. 284-285),

The eye records the position of the ball well in advance of the

movement, but the position is not that at which the blow is struck,

because the ball moves during the reaction time. The movement,

however, obeys rules which the player has frequently observed to

be followed previously. The response to the last member of this

sequence is initiated before the whole series has occurred ob-

jectively; so that the response and event occur 51mu1taneously

and the bat strikes the ball.

After considerable practice, the anticipated responses become -
automatic, freeing the subject to perform other tasks simultaneously
(Schmidt 1968). The individual must be able to make his prediction
based on the anticipated speed and direction of the object flight. He
_preprograms a motor response that matches the characteristics of the
expected flight. The preprogramming is a crucial step because of the
rapid rates at which the object may be propelled (Stadilus 1972). The
predictability of an occurrence can be described in terms of its co-
herency and its complexity. Coherency refers to the degree to which
there is a consistent pattern in the stimulus. The series of stimuli
emanating from a rolling ball are coherent in that one can predict the
future stimuli from those of the present through learning the pattern.
Complexity, on the other hand, refers to the number of possible stimuli
which could occur in the series, The greater the number of possible
outcomes, the greater the complexity and the poorer the amount of pre-
dictability in the series (Schmidt 1968).

- When the object is propelled into flight, the performer's task

changes from expectancy to actual object flight informationand the
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participantfmust qﬁickly determine if his expectancy was correct
(Stadilus 1972). ﬁy monitering the object's flight over a certain
distance, the individual is able to obtain information aboutithe
velocity and acceleration of the ball on which to make his prediction.
It seems that;this information‘is.nof processed continuously, but‘rafher
it is taken in during brief periods, and actions of the eye muscles or
other effectors are initiated as a result of the precessing of '"chunks"
of information (Whiﬁing 1969),

Time available to ﬁonitor the object's.flight is dependent upon
the speed at which it was<propei1ed (Stadilus 1972). The amount of time-
requifed to detect changes in the ball's'flight>is important to comnsider.
It is also necessary to consider at,what stage in the ball's flight it
i's necegssary for such perceptual_mqments_to occur in order to make re-
liable predictions (Whitipg 1969),'

During end after ;he prograﬁmed interception responee, ehevper-
former receives information feedback concerning his performance-which
will affect his next response decisions (Whiting 1969).v Through unde:;
standing these &arious combonents, Stadilﬁs (1972) feels the teacher may
be able to detect particular>problems in the performer's techniques and-
cofrect them, instead of simply 1agelling the perfofmance as poor and

recommending practice of a general nature.

Pursuit Tracking and Anticipation-Prediction

Pursuit tracking has two aspects’which are common to a number of
skills., First,it involves the interception of a moving target and

secondly, it involves matching a function relating position and time
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(Poulton 1957). Im the chain‘of responses, the senSe>organ is the'first
of two-steps. In tracking taéks, thé e&e fixates the aiming;point on

the target as steadily as possible, whether the target be stationary or
moving. Sensory messages are then sent céntinuously up the optic ner&e,

where’the second step, the goﬁputing system, takes over. This receétion
:consists of’a_modificafion of the relation-between the input, or optic-

ﬁerve message, and the output, the limb movement made in response to the

stimuli (Craik’1948).

Tracking'performancé_on a target moving with a simple harmonic
motion, allowing mo opportunity for receptor-effector anticipation, will
~show a lag between input and:éutput. After répeated experience with the
target motion, however, this lag will be abolished, Percepfual-,;
anticipation allows for the élimination of lags in response and makes
the task independemt of the objective occurrence of externalrevents,
thus makinguit possible to combine the task with other tasks (Broadbent
1958).

'Wgen_the subjeét is given the task of rapid acquisition of a
moving target, the target will have moved before he has completed hié
response movement. For the acquisitibn to Be correct, he has to knpw
in advance the position whiéh the target will occupy at the time his
response movement has been finished. In addifion, he has to make a pre-
diction about the mature and size of his muscular contractions required
fo reach this @oint (ﬁoplton 1957). Two possible sources of information
available for use in determining the fﬁtﬁfe position of the target are

as follows.



7

1. Receptor anticipation, where thg receptor mechéﬁism has to func-
tion ahead of the response mechanism. In such a case, the future
track of the farget would haﬁe been displayed ahead of time for
the subject;'

2. Perceptual anticipation, in which the future track of tﬁe target
is not displayed ahead, but thebtrack contains constants or
statistical proverties which are known to the subject fromvpast
experience., The target is méving in a predictable direction at
a predictable épeed.- In addition, the subject must also pre-
dict the position which‘fhe térget will occupy as his response

movement is completed (Poulton 1957).

Pursuit tracking tasks reviewed in the literafufe were found
te be primarily bf the'radar—tfacking-type, which utiiized a two-
dimensional viewing écreen. In some cases college-aged students were
used as subjecfs, but on the.whole; excefpts from the general population
~served as tﬁe samples. Not omne study was found that used afhletes
specifically as the sample group tesﬁed. 0

According to Gottsdanker (1952), one noteworthy characieristic
of the human tracker was found fo_be his ability to produce a smooth,
continuous path of motion. It was felt that this ability might be
-accomplished through anticipation of thé motion of the target. The
tracker was found to make intermittent corrections atrhalf-second inter-
vals and that the more the predigtive motion rather than‘position cor}
rection was utilized, the smoother the'péth of.the motion, Each subjéct

had his individual acceleration tendencies; therefore, acceleration was
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felt to be a characteristic of the person rather than of the pattern he
was continuing. | |

A furthér study performéd by Gottsdanker (1955) conéluded that
no measure. of prediction—motion provided a satisfaétory forecast of skill
in tracking. Additional support was .given to the hypothesis‘that
foregoing rates are smoothéd or integrated in continuation.

In a task-wherevtwo targets moved down perpendicular "streets".
toward a point of.intersectiqn3 the subject was askéd té indicate where -
the variable target would be at the instant the standafd farget reached
the infersection. Gottsdanker and Edwards (1957) discovered thét for
both accelerated and constant-velocity targets, the prediction was
based on relative positions at the tiﬁe of target disappearance rather
than differential velocities of the two targets.

When‘subjécts were required to distinguish between accelerated
and constant velocity motion of targets across a viewing screen, they
were found to be insensitive to gradual changes in velocity (Gottsdanker,
Frick énd Lockhard 1961), It was shown to be.more difficult for subjects
to identify_instantaneous change or to distinguiéh between two ongoing
motions of different cénstant velocities, Acceleration of the target
motion was not detected as such, but rather it was inferréd from succes-
sive impressions of differént rates. Negative acceleration was found to
be mofe'aécurately detected than positive. This was felt to be attribyt—
able to the subject's inability to judge a.motion near the fime of its

onset,
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Angel, Garland and Fischler (1971) concluded that a short 1ateﬁcy
central process was used in correcting motor errors., Sﬁbjects performed
a pursuit tracking task in which the Center of the visual display was
screened so that they were.not allowed to see.the‘fesponsa marker during
thé initial part of each response. Visual feedback provided was re-
versed on alternate blocks of target steps. Previous suggestions that
errors can be ameﬁded by a central mechanism Whiéh does not reduire
sensory feedback, was felt to be confirmed as false moves were corrected
at times when the response marker was invisiﬁle. In.executing‘a subse-
quent-resbonse, the subject might compare- the motor program in actual
use against the "right" program, and should there be a discrepancy between
the two, the subject could amend the error on the basis of this central.:
information, even though the cursor was still concealed from View,

Davis»and Behan (1960) allowed subjects varying lengths of view-
ing periods from which to make extfapbiations or predictions from the
disappearance of a simulated airplane blip to its reappearance. After
the target was removed, they weré required to dead-reckon it for ten
minuteé. AIn'the éase of prediction motion, £here was found to be a
tendency for ;ubjects to tend toward the mean, adopting a more conserva- .
tive approach to their estimate of the probable position of the target.
When subjects had a very limited amouﬁt of information about the speed
and direction of the target, fufther opportunity to view the blip did 
not result. in impfpved performance. A decreése in error was found from

trial one to trial two, but there was no improvement after trial two,.
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In a similar stﬁdy'performed by Weiner (1962), in which subjects
were required to predict the future position of a target afﬁer it had
disappeared,‘it was concluded that a human operator may be able to make
motion predictions equally as well with minimal exposure to targét input
(i.e., from a72-second sampie of target motion as from a 16-second
sample) and that target speeds exert a greater influence on prediction
accuracy than did the factors of the duration of the targét exposure or
the méde of response to it (i.é., tracking vs. monitoring). Again, és in
the study performed by Davis.and'Behan (1960); there was found to be
significant learning from one session to the next. These results were
felt to indicate that perhaps only a minimal amount of exposure of the
target under control is necessary in order to make accuratermotion-
prediction of constant rate targets in its future positioning afﬁer
disappearance from the field of ;iew.

There is a hierafchy in the use.of‘perceptual cues in the pre--
diction of thé'reappearance of a moving object, according to Bonnet and
Kolehmainen (1969). Sﬁatial cues are easier to use than velocity cues;'
which in turn:are easier than time cues. No general rule can be applied
to all situations, however, becaqse different strategies are used at
different times, depending upon the relafive'ease of the utilization of
those cues when all are available in the situation, A givén cue is more
accessible in a‘situationrﬁhere it is constant than in one where it
varies, -

A prediction situation was ‘devised by Gerhard (1959) in which the

subject was required to press a button when he judgéd‘a moving 1ight,



21

Vhich had disappeared, would have reached a specific point. Results of
the study showed a systematic relationship between the variability of
the subject's performance and the time the light was in§isib1e. Sig-
nificant changes in the subject's behavior were found as a result.of
variations in the temporal relatidnships of évents occurring as a result
of movement of an object, rather than the velocity of the objeét as such.

Prediction of the future éoﬁrse of a moving target may involve
motre pafh estimation ratﬁer than speed estimation, as concluded by Foot
(1969). The study investigated the accuracy of prediction in a task re-
quiring estimatioﬁ of the point of coinéidence of two pointers rotating
at different rates, the tracking one closing on the leading one with a
speed ratio of 3:2, Error in estimation was found to increase linearly
with increaéing fhe prediction-span; incfeasing the viewing span had only
a slight effeét upon mean érror. Increasing the o?portunity for continu-
ouslviewing did not provide the subject with anything like the same
increment in usable information. It was also felt that the slight differ-
ences in the accuracy of prediction could be a feedbackiproblem. Foot
further concluded that pfediction ability is far from being a unitary
attribute and the ability to predict in one situation is not necessérily

correlated with the ability to predict in another,

'Perception of Depth and Space

All observable movements may be described in spatial terms. In
order to perform sports skills effectively, therefore, one must be able

to make judgments about the movement of objects in space. Cratty (1968,
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p. 107) 1lists four primary attributes which human beings must evidence
when observing and reacting'to various spatial problems, .

1. The ability to structure the situation, to synthesize complex
information.

2, The ability to select an object or objects out of space w1th
which to deal in some way. .

3. .The ability to make: judgments répidly, ""perceptual speed."

4, The ability to make varied judgments, 'perceptual flexibility,"
. , - y

Space is referred to in the literature, as being either '"near"

or "extended" (Cratty 1964, Vernon 1962). As stated by Cratty 1964,
p. 119):

Near space may be structured through visual-motor integrations

of various types, while farther removed events and objects may

only be accurately. structured by hypothesizing what probably

would be .the characteristics of distant objects if they could

be actually handled. The perception of objects in space far

removed is based upon standards and wualitative relationships
gained through the structuring of near space.

Perception of extended space, therefore, is primarily ‘dependent upon
visual and auditory information integrated with femporal judgments.

Most muscle activities utilize three dimensions in space,

A \

Dimensions of the retinal image normally correspond fairly accurately to
the dimensions of the visual field. Howevér, no aspect of the retinal
image directly reproduces perception of the third dimension of space,
depth, or distance. Therefore, we are obliged to infer it from certain
“chgractgristics of the retinal images (Vernon 1962).
Monocﬁlarly, severai éues have been suggested by Cratty (1964,

p. 121) serve to organize perceptions containing depth, as well as

height and breadth.
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1. A near object overlaps and partly blocks out portions of
objects farther away (the interposition effect).

2. Objects or surfaces contain texture. This cue is related
to the invariance principle which holds that smaller objects
will be perceived as being located farther away, while larger
ones will be perceived as being closer.

3. Known standards serve the individual in perceiving objects'
distances and/or size based on knowledge gained in the past
concerning the objects being observed presently.

4, Linear perspective provides the observer the knowledge of the
tendency of parallel lines to converge as they extend away from
the observer, ‘

The third dimension in space, however,is more advantageously
perceived through the use of man's two eyes; the different spatial posi-
tioning of the two eyes enables the perceived object's images on the
retinae to be somewhat unlike. This phenomenon of unlikeness is referred
to as retinal disparity (Vernon 1962). Binocular depth cues are obtained
partially from the "additional roundness' afforded the observer as the
two eyes see slightly different portions of the same object (Cratty 1964).
This phenomenon is labeled as 'stereoscopic vision'" and is based on the
fact that distance is perceived in the brain on the basis of the inter-
ception of the convergence of these two cues (Whiting 1969). This pro-
cedure is useful only in determining the location of a single object
(such as a ball in flight). It does not function for more than one ob-
ject at a time and at different distances from the eyes., For computa-
tions of this nature, 'disparity" occurring between the images of the
objects on the retinae on both eyes is utilized.

Therefore, accuracy in determining distance in binocular vision

is enhanced by means of convergent and divergent movements of the eyes



24
in focusing on objects of various distaﬁceé; The eyes converge.(look
inwards) to focus on a near object,’and as the object recedes, the eyes
| gradually diverge until they look in paréllel directions at distant
objects (Vernon 1962).

Convergencé and disparity are effective_oniy for distances of -
about 100 meters according to Vernon (1962), but for only 20 feet accord-
ing to Whiting (1969). With objects at a greater distance,,disparit& of
the two images becomes so small - (both eyes are essentially.looking
'straightforward, in parallel directions) that in essence people become
one-eyed. Monocular vision of depth can be perceived with readjustment
on the part of‘the'indiﬁidUal'and utilizationvof other information from
the display (Whiting 1969, Vernon 1962).

Vernon believes that perception of stereoscopic vision seems to
develop>spontaneou$1y, but that accurate estimation of distance from
binocular cueé does depend on learning from past experiences.,

Kunnapas (1968), in an experiment investigatiné distance percep- .
tion as a function of four reduced perqépfual cues and one full cué
condition, concluded that binocular disparity is an important cue for
depth since coﬁvergence is usually a weak determiner of perceived
distance, even at distances of one or two meters. Retinal image size was
also found to be oné of the most impoftant cues for the judgment of
distances; alone it provided approximétely the same estimation as
binoéular dispayity together with convérgence but was. found to have much
less power. than a full-cue condition (which includéd accommodatidn,
:binocular disparity, éonvergenge, and retinal image size) in determining

distance.
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Underscertain conditions, perception of size and aistance may
seem to be a single process but'may5‘in fact, be responses to different
aspects of the same stimulus situation (McDermott 1968). MéDermott
conducted an -experiment ihvolving size judgments of a standard object
+ made under two compariéon field conditions~--one with only relativé
distance cues present and the other withvonly absolute distance cues
'present, Absolute cues were those described as supplying information
between the observer and the object (accommodation and convergence)
while relative cues were those not providing this distance information
, but rather distance information about difference in distance between one
object and another (linear perspective, retinal disparity, interposition,
and movement parallax). Size, except in the case of disparity, was per-
ceived in. the presence of individual cues to distance in terms of retinal
image size. Relative distance cues seemed to have little effect upon
size, The difference in distance information available in the two com~
parison fields appeared to make little difference'in perceiving the size
of objects,

In a‘depth discrimination study,_which utilized an optically sim-
ulated large target located in a textureless environment at.simulated
distancesrélong the sagittal plané'but to 12,800 feet, Vincent et él.
(1969) favored a change in retinal image size as the most significant
cue to depth localization. It was felt to be doubtful that binocular
disparity, which involvgs differences between the images in the two eyes,
played a significant role in the results because the targets were viewed

Sequentially rather than simultaneously, Comparisons would have to be
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made from images in the proceés of being recorded, to a trace of the
image whiéh had been made three seconds earlier, While compariéons would
not be impossible with regards tovdisparity, the authors felt it to be
highly.unlikély, based upon knowledge of the VisUalksystem available to
' them at that time. Therefore, they concluded that comparisons based
solely on size changes requiring a comparison of present stimulation with
the trace of past stimulation were responsible for the distance percep-
tion of the two stimuli;

If an dperator is presented with unfamiliar objects in a situa-
tion where secondary cues to distance are lacking, e.g., in an otherwise
completely dark room, his judgments of size énd.distance are not reli-
ably related to the actual sizes aﬁa.distances of the objects., Foley
(1968) tested the hypothesis that in stefeoscopic vision a perceived siéé
to perceived-distance‘ratio corresponds to a constant visual angle. He
found that in the absence of secondary cués, unanalyzed non-stimulﬁs
variables, such as an operator's preconception of the range of étimuli
that are likely to be presented, appear to exert a major influence on
judgments of size and distance, and that the depth/distance ratio in-
creases more rapidly aé a function of. disparity than does siZe/distancé5
ratio as a function of visual angle,

Gogel and Mertens (1968) allowed subjects tokview monocularly,‘
two luminous rectangles of the same size but with different retinal
sizes in an otherwise dark room., The refinally smaller reétanglezwas
perceived as being the more distant rectangle, not as a result of the

difference in their perceived size per unit of retinal sizes, but rather
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as a result of the change in perceived size per unit of retinal size
between the objects. The authors further stated that this size cue to
relative distance occurs between'irreguiarly as well as feéularly,shaped
familiar objects and probably would occur also between any objects having
" perceived sizes regardless of their shape or complexity. The use of a
comparison field or comparison objects can invalidate the resulting
measurement of the perceived distance to objects or the percéived distance

between them,

Perception of Motion
The perception of movement in space is a function of the size of
the objects and their 1ﬁminescence.as well as théir speed and other cues
available to the observer (Cratty 1964)., It is partly dependent upon the
iﬁdividual's ability to judge time intervéls accurately (Cratty 1968).
Position memory is involved in the perception of motién.. The
observer compares the position of an ébject at one point in time with
his "memory" of its position earlier»inrtime (Kinchlas and Allan 1969),
The accuracy of this comparison appears to Eé limited by 'moise" in the
observer's eye positioning system, the ﬁajor components of which are in-
'voluﬁtary eye movements and are believed to be ;umﬁlative with time.
The extent to which noise in the positioning mechanism of the eye would
degrade movement discrimination is‘dependent upon the observer's sense
of ‘eye position. if this sense were poor, there might be therpossi—
bility of mistéking displacement of a retinal image pfoduced by eye move-
ment with one produced by real movement of the object. Drift adds a

constant to the retinal displacement produced by the actual movement
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stimulus pattern, "Fligks," or "corrective" saccadic movements correct-
ing a @isplacement of the target from the fovea, in no way reduce the
observer's uﬁcertainty as to the caﬁse Of-a-target's displacement,
whether this displacement be caused by eye drift or actual movement of
the target.

Pérceptioﬁ of movement in two-dimensional space.is more accurate
in the peripheral portions of the eye than within the cenﬁral visual
field. Cratty (1964) attributed this phenomenon to the inherent defense
mechanism which is built into the human organism alerting him to danger
more quickly as objects usually approach from the sides. Vernon (1962)
further explained thaf as soon as man becomes aware of such movement, he
immediately turns his head and eyes ﬁntil the object's image falls on
the center of the retina where it can be interpreted more acutely,

Head movements have been found to be kept to a minimum When track-
ing fasf—moving objects toward the observer (Crétty 1964). At Eimes,
balls in sports may approach or reﬁreat too rapidly to be accurately
tracked (when functional limitations of the visual system are taken into .
account (Crafty 1968). As the ball approaches, the angle subtended by
Vthe ball at the eye will change at a rate deﬁendent gpoﬁ the speed of the
ball., Estimations of such characteriétics ﬁay also be affectéd by theA
relationship of the moving object to its background (Whiting 1969)., The
ratio of the distance of the object from the‘observer and its velocity
gives the observer the.time taken by the object to reach the observer.

Weinberger (1971) also felt that there was sufficient information
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"available on the monocular retina of the observer to make his estimation
.of the time of juncture with éhe moving object,

judgmeh#s of vélocity dépend upon the poéition and_movement of
the observer, the perceived distance of the object from the dbserver'as
well as the percéived $ize.of the object in motion (Cratty 1964), The
more rapidly the objéctsrare.moving, up to a point, Cratty (1968) be-
lieves the perception of diétanée of moving objects will improve.

Movement perceptiop denotes perception of a change in position
(Kinchlas and Allan 1969). If is not produced primarily by the movement
of the images of objects across the retina, as the eyes arevalways mcﬁing
to and fro in the head, and thﬁs images of stationary objects are con-
stantly moving across the retina‘(Vérnon 1962). Rather, it is.determined
mainly by a change in position of objects in relation to their background
Which appears to be stationary. Vernon (1962, p. 150) also stated that
"as with the perception of space, we acquire various céncepts of movement
associated with particular objects; and ideas about the speed and rela-
tive speeds of movements.!" Thus, we aéquire the ability to judge the
. speed of moving objects with considerable accuracy in relation fo their
own movements and we learn how to intercept the flight of a béll. If
the object moves across a homogenoﬁs backgfound, a situation‘referred
to by Kinchlas and Allan.(1969) as producing absolutg movement percep-
1tion, its velocity appears to be less than if it were moving across a
variegated background. Kinchlas and Allan (1969) would refer to this .
latter situation as one pfoducing relative movement perception. Due to

the lack of stationary figures against which to contrast, the motion
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would céuse the object to be more noticeable and therefore would appear
to be moving faster (Vernon 1962).

Gibson (1968) rejected the aésumptién that displacement of the
retinal image over the retina is the basis for all perception of motion.
Instead, he proédsed a'éhéory in terms of the ambient array of light
in which the registering of subjec;ive bodily movements by vision is con-
trasted with the detection of objective enviroﬁmentél motions. Physical
motion is not the same as optical motion. The image is perfectly-sta-
tionary, being anchored to the World? and ﬁhe retina moves relative to
the image. The retina is continually moving behind its image. Thére are
two main types of events which have corresponding optical events that
could induce an experience of motion or movement.if the light entered the
eye-motion of the object in the environment and'moﬁement of the ob-
server. Any surface or object in the environﬁent feflecting, or emitting,
light can move in a variety of ways relative to the permanent environ-
ment, thus altering the perspegtive of its texture and its edges in the
ambient light, The important kinds of infﬁrmation the retina seems té
record, therefore, are continuous transformations of form and texture
and descriptions of texture (the occlusion of transformation), allowing
percéption of motion to result from something that happéns in ambient
light, not the motion of light itself over the retina.

Another theory of motion was proposed by Held and Freedman
(1963, p. 457): "Initial position and subsequent displacement of the eye
geometrically determines certain properties of the ensuing stimulation

of the retina of that eye." ‘When the eye rotates about an axis through
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its center, all imaged points move across the retiné at a velocity of
rotation of the‘eye. As the eye rotates toward=anvexterﬁa1 point that
casts its image on the retina, all other images' points move radially
outward from the central image point origiﬁating on tﬁé line of trans-
lation, There is a ohe-to—one relation between the directions of
translation, movement, and cofrespondingvcentérs of flow patterns on tﬁe
retina; hence, for every different direction of translation,lthe center
of ‘radial flow is different.

Dynamic'Visual Acuity (DVA) is a term used by Burg and Hulbert
(1961) to designate the ability of aﬁ observer to discriminate an-objéct'
when there is relative movement between the observer aﬁd the object.
They discovered that the relationship between dynamic acuity and_étatic
acuity (both tested monocularly) for a taréet was low; training did not
altef this correlation in any way. Acuity fof a target waé found to
deteriorate markedly aﬁd progressively'as angular velocity of the target
increased while DVA performance could be improvéd both:through practice
and target illumination, whether it be mbving with the subject stationéry
or vice versa, The importance of static acuity aé a determiner of DVA
became progressively less as target veloéity iﬁcreasede |

One of the earliest studies performed iﬁ this areé explored the
relationships of three variables; brigﬁtness, visual angle, and speed of
movement., _Crook (1937) fouﬁd'that movement discrimination was closély
allied to the perception of flickef, but not strictly identical, in their
underlying mechanisms.- Discrimination of movemeﬁt’was'found to be best-

at relatively slow speeds.
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Slater-Hammel (1955) explored the estimation of movement as a
function of the distance of movement perception and target distance.
Absolute error was found to increase significantly with increases in
targét distance,

The rate at. which an image moves across the retina is a fuﬁction
of the rate at which the object moves across the operatof's field and
the diétancevof the object from'the operatér (Rock, Hill and Finéman
1968). The authors felﬁ_tﬁat the critical test of size constancy is one
in which speed perCeption'is studied under conditibns where no framé of
reference exists, such-as in a totally dark room. It was concludeérthat
where?er size"constancy prevails and to whatever degree, speed constancy
should also prevail to the same degree. if the speed of the moving ob-
ject was constant, then the farther away it was, the.slower was the rate
of displacement of its image.

| Van Waters (1934)_f6und that when two lights were presented in a
dark room and one light was made to move while thé other was stationary,
the observer was subject fo coqﬁiderable error in judgment of horizontél
motion., TFactors found to increase accuracy of this judgment.of motion
were an increase in speed and fization of a moving light while factors
tending to deérease accuracy were a decrease in speed, fixation of a
stationary light, and fixation of a smaller light. One light was per-
ceived to be more mobile (meaning the susceptibility of the light to
have an illusory effect--to appear to-move, when in effect it. was sta-
tionary) than the other when it was smalier and it was fixated, Condi-

tions resulting in one light being perceived as increasingly more mobile
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were: when it was smaller and thé_speed was decreased, whgn‘it was small-
er and difference in size was increased, when it was fixated and the
spged=was decreased, and also when it was both fixated and a small 1ight.

"No evidence was found to show that practice tended to decrease the illu-
sion, Rather, there was a slight tendency for individuals to maké stereo-
typed judgments and persistLin certain errors throughout practice.

Rotary motion can be detected by an operator even when it is
Vsuperimposed on translational motion (Alexander and Cooperband 1966).
Results of their study indicated. that the primary cue used in the task
was the rate of change of the relative bearing between two moving ijects
in order to predict their fﬁture positions in space. The operator seemed
to estimate either the extrapolation distances or extrapolation times of
. éach target from some criticél point (such as their point of disappear-
ance) to the intersection point, Any factor making the coméarisoﬁ of
these time or distance estimates moré difficult (such as increasing the
discrepancy of the speeds of the two.objects.or increasiné the inter—
section angle) increased.the error of jﬁdgment. Error was also found
to be higher for slower speeds than for faste; ones.

Muller-Lyer figures were used in a study pefformed by Cohen

(1967) in which he found phenomenal wvelocity to be.closely related to
phenomenal space, Both phenomenal métioﬁ path length and pﬁenomenal
velocity were found to be less in the periphery than on the fovea; -
vertical motion was experiénced as being faster than horizontal ﬁotion,

A background. effected the perceived diéplacement di;ectly, rather than

indirectly, by its affect on perceived velocity., It was concluded that
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while phenomehal velocity .and phenomenal space vary in a similar manner
in many situations, the one variable-is not directly dependent on the
other.

Schmidt.(1969) had subjects try to move a slide so that an
attached pointer "hit" a moving target. The movement time was varied
by having subjécts move at maximal or.ﬁoderath speeds, by changing
the starting points, and by adding or not adding an additionai'load to
the task, Knowledge of results was provided, Factors affecting move-
ment time partially determined timing accuracy. Responses were found -

_to be preprogrammed and subjects tended to hold movement time constant
" and correct the erroi on the previoﬁs tfial by adjusting the Stafting
time. Schmidt concluded that task.characteristics affecting the size

of the movement time may be significant determiners of timing acéuracy,

Visual Perception and Athletes

Cratty (1968) observed that it is difficult to determine whether
perceptually superior people enter athletics or whether participation in
certain sports enhances certain perceptual attributes, He made this
statement based on the knowledge that measureable perceptual differences
have been identified between athletes and non-athletes, He further
hypothesized that it would seem possible to improve ‘the éerceptuai
capacities of athletes in various ways. —

Studies relating visual perception to motor performance are not
numerous, however.  Sage (1971) attributed this to the fact that measures

used to ascertain visual perception in a laboratory setting are highly

artificial in comparison to the dynamic situations found during motor
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performance when visual perceptions must normally be ma&e. Contiived-
situations-afe virtually not found in sports. Laboratory testé'of
depth perception, for eiample, often show little relationship with
dynamic situafions, due to the variety of depth cues available in real
life which cannot be replicated in isolated testing. |
Banister and Blackburn (1931) were concerned with the 'good eye"
phenoménon 'thaf is usualiy associated with some proficiency in‘games-
invoiving fast-moving balls, realizing that the ball must be hit with
speed and precision eithefrby the hand itself or by an instrument hel&
iﬁ tﬁe hand, The authors .concluded that this."pheﬁomenon" is not really
a true eye factor at all, It seemed to be independent of visual acuity
since many of tﬂe best béll players observed by the authors were found
to have an acuity far below normal. Rather, the '"good eye'" was felt ﬁo
be dependent on é very high innate visuo-muscular coordination. Only
one of the elementary’"true eye'" factors tested gave positive results,

the inter-pupillary distaﬁce (IPD). The authors described its possible
importance with the assertioﬁ thatrthe wider apart the eyes; the greater
will be the disparation of the tﬁo retinae, with a consequent increase

in the ability to judge the relative distance of objécts. Subjects' IFD's
‘were measured to the nearest mm and compared to their subjectively rated
ability at games#’ Those with-the greater distance between the pupils,

on the whole, were the better players.

Accommodation (the ability of the eye to adjust its focus to
variqus distaﬁces) was measured by Graybriel,Jokl and Trépp (1955) in

well-trained athletes. No deviations from the normal standards were
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found. When ocular muscle balancevstudies'by the same researchers were
éqnducted on individuals, '"champion' athletes were found to have a more
perfect eye—moving apparatus than non—athietes. The presence of ortho-
.phpria (the ability to fuse into a single visual picture two images of
thé same object as viewed by'both eyes) in champion athletes at rest
~as well as after strain was felt té reflect an innate ability and to
indicate an aptitude forrthe sports under reference. Changes in ocular
muscle balance were 1esé marked following canoeing, swimming, and track
races than after playing basketball and volleyball; The data led the
authors to conclude that the effect of exefcise on the motor cOﬁtrol
méchanisms of the eye differs between sports that require repetitive
action and play activities which are characterized by a continuous
sequence of unpredictable situations, necessitating a more frequent
oculo-motor adjustment. As a group, more skillful players were also
found to percei&e depth more accurately than the non-skilled group.

Olsen (1956), on the other hand, concluded that psychological
capacities of reaction.time5 depth perception, and span of aéprehensionv
when compared to certain sports of varsity athletes had very low correla-
tions.‘ Baseball skills correlated by means of a Pearson r statistical
test with the psychological capacities were accuracy throw, distance
throw, base running speed; and batting average for the season, Cor-
‘relations rangedrfrom a -0.075 fof’depth perception and the baseball
skills to a +0.496 for choice reaction time and the baseball skills.
However, when the same psychological capacities were tested on three

groups of college males who were designated as either athletes,
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intermediates, or non-athletes, and not cofrelatedrto actual motor per-
formance in a specific sport, significant differences were found among .
the three groups.. Athletes were found to be superior to non-athletes in
all three tests and were also found to be superior to intermediates with

reference to reaction time.

The Perceptual Skill of Batting

The player in a ball skilllsituation must -initiate his response
one reaction time plus one movement time before fhe ball is-in a posi-
tion for hitting or catching. Whiting‘(l969), iﬁ_further fefereﬁce'to
the phenomenon which is called transit reaction time, stated that this
reaction time will bevmore critical in fast ball skills than in ball
skills of a slower pace. Apbarently there is a reasonable range over
which the reaction time may vary without generally upsetting the skill,
aliowing the player to be successful without requiring his timing to be
100 percent accurate since there is usuelly a "degree of error" possible.

According to Whiting, players with faster reaction times can, if
they wish, let the ball travel farther before initiating an action.
Theoretically, then; the batter can use the additional time‘to monitor
other aspects of the display, waiting for later deviations in the ball's
flight and thus react more adaptively.

- Miller and Shay (1964) tested nine male softball pitchers for
speed and found an:average ball velocity of 59;95 mph (88 feet per
. second). Because of the shorter pitching distance in the game of soft~

ball as cbmpared to baseball, it was conjectured that the softball batter -
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' ﬁus; react and bring the bat over home piatelin less time. Of the 258
malé freshmen tested as to when they would initiate their swing while
watching.the aforementioned'pitchérs, a mean reaction time of .215
seconds was found. These averages would find the ball 29.33 feet from
home plate before 116 of the students bggan theif swing and in 41 cases
the ball would be less than 20 feet from the plate. It was concluded
that those subjeéts*would have sufficient time to bring the bat over the
plate with this caliber of pitcher but would be unsuccessful becausq of
v their reaction time if facing a‘softball pitcher with greater velocity.
Breen (1967) concluded from his cinematographic analysis that
one characteristic outstanding hitters seemed to have in‘common was
their ability to adjust their head from pitch to pitch in order to get
the best and longest possible look at the flight of the ball. These
head adjustments were small and could not-be detected with.the naked
eye when viewing the hitter. However, as viewed from éhe film records;
good hitters were making constant adjustments to aécomplish'pfober fixa-
“tion upon the point of delivery and to get both eyes' focused on the ball
“.longer. By reducing the angle ét which he saw the ball, the batter was
able to observe it from an eye position similar to that of the catcher.
Based on his findings,‘Bfeen (1967) concluded that the smal}er the angle
_ betWeen'the hitter's line of vision and the flight of the ball, the
bettér the hitter perceived. the ball,
Pursuit movementsrof the eyes with the head essentially fixated:
were found by Hubbard and Seng (1954) to be used in tracking a pitched

ball. In no instance was the ball able to be tracked_cléér up to contact
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with the bat. The tracking movements. of the eyes stopped while thé ball
was still 8 .to 15 feet from the plate.  The authors offered two possible
explanations for this finding{ since thevlack of additiqnalluseful
information could not be provided by further tracking the ball once thg
bat was underWay, the tracking stopped; or possibly tracking ceased be;
cause pursuit movements qf the eye actually break down at such felétive
velocities. HuBbard and Sengr(1954) did caution the reader that this
finding should not mean that in the teaching and coaching of batting,
traéking the ball for as long as possible should be minimized. The
pefformer might run the risk of not tfacking the ball long enough in

.order to make the necessaryvpredictions;

By giving learners the cue, '"Watch the ball," Whifing (1969)
felt that it would appear that the eyes are being used to obtain infofma—
tion enabling the batter to anticipate both spatially and temporally
future behavior of the ball prior to its-accurate interception by a limb .
or an extension thereof. This appears to agree with the findings of
’ Hubbard and Seng. Yet, McCord (1969) indicated fhat perfect eye focus on
the ball must be maintained dufing the entire swing, keeping the eyes
in focus as much as possible on the ball hitting the bat. He did admit,
however, that‘this is practically impossible to do. However, if the
"blur" can be seen, correct eyé focus fér the batter can be assured.
Hubbaﬁd and Seng (1954) admitted that although they did not find any
evidence in their study that the eyes were focﬁsed on tﬁé ball at con-
tact, and although it seemed unlikely, there might be very»special cir-

cumstances under which it would be ﬁossible to track the ball to chtact
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on certain Pitches. Another possible explanation would .be that either
accurate prediction of the ball's path and sensory cues from bat contact
might be merged: to form the illusion of "seeing" the ball hit and "kﬁow-
ing" where it would go.

"Athletes are coached in evefything'but ﬁheir most importanti
asset; vision" (Weiskopf 197;, p. 18). He -also claimed thatvin ordef to
hit a baseball sharply and consistently, the ability to focus, converge,
and control the eyes individually and together are equally important.
Hubbard and Seng (1954) found -that there_was no direct evidence of con-
vergence in the batters used in their étudy, but rather there was evi-
dence that the eyes appeared to change from near to distant focus as the
ball approached. These eye controi factors, when combined with visual
?erception of depth, motion, form; direction, and the peréeption of time,
will function tdgether efficiently. Then and only then, can é hitter
bring his natural physical abilities tobtheir maximum effectiveness.
Winograd»(1§42),Ain comparing high school players, college varsity play-
ers, rejécted cbllege candidates, and non-athletes, found sﬁperiority :
evidenced in varsity pléyers over non-athletes, found superiority
evidenced in vafsity players over non-athletes inréhoice and directed
timing tests. He found no significant correlations between vision and
timing tests and»batting criteria Qf batting avérage; slugginé average,
.and runs’batted in. He concluded that other factors, such as muscular
strength, correct. stance form,>and proper mental attitude are probably

~developéd to a greater degree in compensation for visual inferiority.
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Slater-Hammel (1960)‘conc1uded that it takes time for a stimulus
to activate a sense organ. - The athlete, therefore, needs to anticipate
in order to keep up with the present. 1In order to do this, he uses éx-
perience from the past and he extrapblates-from the immediate present so
.that he can meet the.freseﬁt-to—be; The batter will be able to hit the
ball because he is able to anticipate both when it will reach the plate
and where it will be when it reaches home base. His degree of success
depends on his ability to estimate intefnal and external conditions,
Weiskopf (1975) added that in order for a ball player to play his best
he must bé physically relaxed. Increased tension will cause the player
fo over-swing or body tightness may disrupt,his timing. This increased
energy output shifts automatically to body awareness, rather than con-
centrafing on the ball flight. A hitter will see the ball best when he

is relaxed,

Summar

Research in the area of visual perception and its possible impli-
cations to the visuo-motor skill of batting was reviéwed. The general
topic of visual berceptibn was divided into subtopics for purposes of
discussion.

Selective attention to certain cues in the environment was found
to be necessary in the performance of complex motor skills,. Due to
limitationé of the neural mechanism which plaée restrictions on the speed
with which items of information can arrive, the individual filters and

selects one channel of information at a time:
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A psychological refractory period,?or central time-lag, has been
found>to occur When two'stimuii are presented too close together. The
-necessity for an athlete to pian ahead both iﬁ terms of the likelihood
of éertain events occurring and in terms of determining which motor
patterns may be required was stressed.

| Anticipatioh—Prediction was suggested as one means by which
humans makeVitIPOSSible for information necessary for subsequent actions.
to arrive while other.actioﬁs are being carried out.
~The perception of space and depth are interdependent. Since
space is three dimensional ‘and no aspect of the fetinal image directly
reproduces perception of this third dimension, monocular and binocular
cues to its inference were suggested. -

Several theories on the perceptioﬁ of motion were presented.
Position memory, retinal displacement produced by a movement stimulus
pattern, change in the retinal image size caused by the angle at which
ijécts approaéh'the observer, and a theory in terms of the ambient array
of light in the environment were sugge;ted as possible explahations as to
‘the means by which man perceives motion.

There is some controversy present toaéy as to whether pércep~
tually superior péople enter athletics or whether participation in certain
sports enhances certéin perceptual attributeé. Research in this area is
difficult to interpret as the athlete must be taken out’of his environ-
ment and tested in isolated situations which may lack certain perceptﬁal
cues upon which he normally bases his decisions. An athletic display is

constantly changing; such as "uncontrolled" ‘display is not feasible when
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scientific research. These "deficiencies" should be considered when
drawing conclusions from étatis testing situations to dynamic performance.

Studies éttemptingvto provide insight into perceptual chafécter-l
istics of outstanding hitters were reviewed. The head was found to ad-
just from pitch té pitcﬁ, but was fixated during actualrtracking move-
ments of the pitched ball. Batters were also found to be unable to
follow the ball clear ﬁp to its actual contact with the bat. Some contro-
versy was found to exist as to whether the eye§ converged on the moving
ball throughout itsfentire flight path. The batter must be physically
relaxed in order to control his concentration in order to observe the

ball rather than having his concentration shift to body awareness.



CHAPTER 3
DESIGN OF THE STUDY AND PROCEDURES USED.

The purpose of the presentrsfudy was to examine the relation—
ship between batting abilify-and perceptual capabily. The interaction
between two skill levels of female batters' predictions on the Motioﬁ—
Perception Analyzer, as well as ﬁhe length of the viewing period of the
moving objéct on which to predict its collision with the stationary
target, were the objects of statistical analysis,

Test administration procedures for both the batting pre-teétvand
the perceptual-prediction task, plus statistical t#eatmentrof the data

obtained from both tests are presented in this chapter.

Subjects Participating in the Study

’

The subjects selected for the present study were college women
énrolled in beginning and intermediété level softbéll classes and membérs
. of the varsity and junior varsity women's softball team at Ihe.University“
of Arizona during the secénd semester of the 1974-75 school year., A
batting pre-test was administered . to alllthose who were enrolled in
softball classes or.who qualified for one of the two softball teams.

In all, 140 beginning, intermediate, and team members were tested.  From
the 26 hiéh scores on the test (ranging in test values from 46-55, 0.95
to 1.81 standard deviétions above the mean of 35.99, 15 "highly-skilled"

subjects were randomly selected. Fifteen "low-skilled" subjects were

bt
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Valso randomly chosen from the 24'1ow scores on the test, with values
that ranged from 2-28, 0.76 to 3.24 standard deviations below the mean
of 35.99. (see Appendix C), The subjects chosen ?anged in age from 18-21,
with an average age of 19.04 and a standard deviation of 1;11 years.,
Most of the subjects selected were sécond semester freshmen who were
enrolled in physical education classes in order to fulfill the two unit
requirement of the university, with the exception of softball team mem;
bers and physical education majors and minors. Appendix F confains in-
formation concerning class or team assignment (i.e., beginning, inter-
mediafe, varsity, or junior varsity), agés and scores on the batting
pre-test of the subjects who were further tested on the Motion-Perception

Analyzer.

Securing Permission and Cooperation of Participants

The investigator obtained the permission of these physical educa-
tion instructors who were teaching either a beginning or intermediate
level softball class during the second semester of the 1974-75 school
year, to individually test each student's batting ability. For_compari—
‘son purposes, varsity and juniér varsity women softball team members
for the 1975 competitive season were also administered the batting pre-
test. .The instructors, coach, and students were all very cooperative,

-both during and after the administration of the test. As the investi-
gator tested the studeﬁts at a time iﬁ the semester when the teacher was
administering other skills teéts, the batfing test was easily incorpor-

ated into the day's lesson plan.
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Once chosen to be a subject, the student was contacted individﬁ-
ally during her next élass‘peridd and a testing time and date for the
percéptual-prediction task was arranged that was convenient for the

student, the investigator, and the researcher's assistant.

Description of the Pitching Machine

The model of the pitching machine used in the administration of
the batting pre-test was entitled "Jugs Juﬁior" and manufactured by JoPaul
‘ Industries (Figu;e 1)... The machine was approximately four and one-half
feet tall. A rubber wheel was located atop the tripod base, and re-
volved when the machine's electrical circuit was activated. The soft-
ball was placed through the chute where it was seized between a curved
pad and the;clockwise—fevolﬁing‘wheel;>the machine was only capable of
throwing‘sfraight balls at a gpeed that was selected by fhe oberator,
\the calibration being in feet per second.

To aim the pitch, the feedinglchute was rotated-eithef up or
down inrorder to correct for high or low pitches, ana then locked into
position with the T-handle bolt. In making side?to—side adjustmentsl
(inside-outside pitches), the upper portion of the machine was rotated
and 1ockéa in place with the T-hapdle bolt at the hub. Thué; the machire
could be adjusted easily for batters of different heights to insure
pitching strikes. The strike'zone in.fQSt pitch women's softball is

between the batter's shoulders and knees and covers every corner of home

plate.



Figure 1.

Jugs Junior Pitching Machine.
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The Batting Pre-Test

Administration of the Batting Pre-Test .

The investigator contacted each softball'instructof individually
and selecfed dates for test administration that would be convenient with
the instructor and that would not disrupt normal class procedures. One
scoresheet per class was filled out prior to attending class with each
student's name listed alphabétically on the sheet. .

- The speed of the machine was set at 55 on the Jugs Junior machine
scale and checked frequentlyrthroughout the class period to insure that
each student's pitches were the same speed. Tﬁe speed was chosen as 55
as it was a comparable speed to that which had been clocked previously
as to the velocity of the pitch being thrown by the fastest vérSity
pitcher. Prior to testing, the investigator clocked, with a calibrated
threé-second sweep stop watch, ten pitches by the machine at'a distance
of 50 feet from a'wallf The time clocked was from the moment the ball .
wés fed into the machine, until it hit the wall. Thé values ébtained
are presented. in Appendix B; ‘The highest and lowest values were dis-
carded and fhe remaining eiéht avefaged to give the approximate pitching
speed of 50.42 feet per second at machine setting 55. It was decided
that this was a desirable velocity since this would be challenging for
varsity players yet reasonable for the beginners.

The investigator introduced herself to the class and explained
to the students that she was férformingxg study on the peréepﬁual-
predictibn ability of female college softbéll batters and was administer-

~ing a batting pre-test to all members of softball classes and team
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members in a search for 15 highly-skilled and 15 low-skilled softball
batters. ‘It Wés further explained that -the subjects would be-randomly
selected from. the highest scores and lowest scores on the testrand would
‘be ésked to participate in further testing that would-take place-in the
Motor Performance Laboratory., If they did not feel that they had the
" time to devote to possible further testing, they were asked not to par-
ticipate in the pre-test; Every student in the classes participated,

The batting pre-test instructions were then-read to the students
as a group {see Appendix A). The softball diamond was divided into
different poiht value divisions. The areas were shown to the students
and scoring procedures for the test were explained (see Figure 2 for
diamond markings). Of the 20 pitched balls for each batter, 0 poiﬁts
were awarded for a swing and a miss, or fqr no swing at all (batters
were instructed to swing ét every pitch); 1 point was awarded for a ball
whose first bounce was within the ten-foot rédius circle around home
base; 2 pointsAWere awarded for the ball's first bounce being within the
half-moon between first and third basé and the plate, whether the ball
was fair or foul; and 3 points were awarded for the ball's first bounce
in the area beyond the first base-third base half-moon, fair or foul.

One of.the students was selected as the recorder. She stood by
the investigétof at the pitching machine (this*poéition.was rotated
around to other class members as well);. The batter received three pitch-
es to begin with; and was told not to swing at them. These pitches were
delivered for the purpose of checking to sée whether or not the ball was

passing over the plate and within each batter's strike zone. The batter
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Figure 2.

Field Marking for Batting Pre-Test.
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also was_able,to>observe the way in\which the investigator "preseﬁted"
the ball to her before feediﬁg‘it to the machine, and the speed with
which the machine "pitched" the ball.

After~"takiﬁg" the‘first three éitches, the batter stepped into
the box and was pitched 20 balls in succession. Each ball was "presented"
by the investigator before it was fed into the machine. If a Pitched
“ ball was out of the batter's strike zone, the pitch was disregarded and

another ball was delivered to the batter to take its place.

Scoring the Batting Pre-Test

Each batted ball éf the 20 pitches was allowed to hit the ground
firét before being fielded and returned to the feeder/investigatof._ The
. ball's score was called aloud. and the recorder marked the score in its
appropriate box on thé séoresheet. The batter was told when she had
approximately three or four of her allotted 20 pitches remaining. Two
days were required in order to test all members of the class.

Once everyone had completed the test, the point total for the 20
pitchés was added and tallied'on a master sheet. The scores rangéd from
55 (of a possible 60) to 2, with the oﬁér—all group mean being 35.99 and
a standard deviation of 10.49. . From the 26 highest scores-over-all,v
ranging in point value from 46-55, 15 highly-skilled subjects were
‘randomly éelected. From the 24 1bwestrscores, which ranged in point
value from 2-28, 15 low-skilled subjects were raﬁdomly selected. These
30 subjects,wefe to be further tested on the Motion-Perception Anaiyzer

for their perceptual-prediction ability.
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Description 6f the Motion-Perception Anaiyze;

The Motion-Perception Anaiyzer was designed by Morris (1972) as
a testing instrument that &ould present the subject ﬁith a visual.display
of moving objects>in three dimensional space. TFor the. purpose of tﬁe
present study, the investigator adapted the device's original testing
task (peffofmed by Morris (1972) to one that would require thersubject
to'méke a prediction based upon her perception of a moving object and its
eventual collision with a’stationary object. A picture of the testing
device is presented in Figqre 3. |

The machine was divided into two chambers: the front chamber
facilitated the subject's viewing of the three-dimensional display. The
rear chamber contained nine moving objects, the size of table tennis
bails (1-1/2 inches in diameter) which traveled on déSignated pathways.
Niﬁé object shields were also designed to prevent the subject from view-
ing the objects and also to provide a storageAplace for the objects when
they were not involved in the subject's visualldisplay.

The present study involved only one of the moving objeéts. The
moving. ball utilized originated from the right back corner of‘the rear
chamber and mo§ed from this starting pqsition toward a stationary target-
that was placed at the end of its pathway (Figures 4 and 5). The target
was 1-7/8 inéhes in diamefer_and had a hole in its center .through which
the string, which facilitated the ball's movement,>passed. The target
was placed at an angle so that the subject could perceive it as being at.
the end of the diagonal pathway on‘which the ball was mdving. The center

hole assured that the ball's movement would not be impaired through



Figure 3.

The Motion-Perception Analyzer. — Taken from

Morris

(1972),

with courtesy and by permission.
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4-second 2-second
(Appropriate posi-
tioning)
Target Start

Figure 4. Schematic Drawing of the Viewing Display of the

Figure 5.

Prediction Task on the Motion-Perception Analyzer,

pathway
used in this study

pathways
available for use

Side View of the Motion-Perception Analyzer.
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contact .of the cardboard target with the string. The moving ball's
pathway.was.3-3/4 inches above the fioor of the rear chamber and para11e1 
to it.

Black lights 1it up the interior of the rear éhamber. The
chamber walls and object shields were painted with flat black paint. The-
target and moving objects were f1uorescent so that only they were visible
in the display window.

A dividing screen.could be dropped directly iﬁ front of the sub-
ject's view. During the testing procedures, this screen was used as a
means by which tﬁe subject's view of the moving object was blocked after
the allotted time of its viewing.

Driving mechanisms, by which the machine was controlled, were
attached to. the outside of the machine (Figure 6). A variable speed
motor, drive shafts and drive wheels, and thumb screws activated the
moving objects. These were attached to the side and top of the Motion-
Perception Analyzer. The moving objects were attached to black nylon
thread. Their initial movement was accommodatgd by manual manipulationA
of the location of the objects in thé.proper starting positions. Painted
marks on the thread and exterior of the inétrument assured consistent
origins for the moving object once alignéd. Tension was then exerted
on the thumb screw. VWhen the motor was activated, the thread moved over
.the drive wheels, causing the moving object in the rear chamber to begin -
on its pathway towards the stationary target.

A control panel was located on the front half of the side of the

Motion-Perception Analyzer (Fijgure 6). Electrical operation of the



X.9< Champ**' Fron-b Chamber-

Panel Control Do*

Figure 6. Side View of the Motion-Perception Analyzer. -— (a) Speed motor, () drive shafts,
() drive wheels, (d) thumb screws, (e) thread (black nylon), (f) cord for the
dividing screen. Taken from Morris (1972), with courtesy and by permission.
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machine was.controlled hgre. The moving object could be started and
stopped and its velocity reguiated. The cord forrthe dropping of the
dividing screen was located to the ;ight of the con;rol panelQ

A viewing window was located at'thé front of tﬁe machine. The
subject's response to the task was monitored by her pressing of a re-

sponse button located at her lower right, near the base of the machine.

Operational Responsibilities of
the Research Assistant

Thebpresence of one research assistant was necessitated in order -
to operate'the perceptual~-prediction taék on the Motion—Pefception
"Analyzer. He was stationed at the instrument's rear chamber throughout
the testingi His responsibility was to manually position the moving
object for the perceptual-prediction task. After the subject ha& per-
formed the task, he would relocate the object to its starting position
behind the storage location. He would then apply the necessary tension
to the thumb screw which would cause the thread to ﬁove along the drifé
wheel resulting in the object's motion. Consistency in the tension
applied to the thumb screw was crucial for the task's test reliability.’
Therefore, a mark was placed on the screw by wﬁich it was aligned for
each task, in an attempt to hold-fhe ball‘é velocity constant throﬁgh#

out each subject's testing.

Operational Responsibilities of
the Investigator , :

An individual scoresheet for each subject was prepared on which

the random order of viewing times of the moving object had been listed.
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The investigator initiated the movement of the object by engaging the
5utton located on‘the control pane1 of the testing instrument. Avstop
watch with a three-second sweep, which ha& been calibrated one month
before the testing began, was placed atop the méchine ﬁithin the investi-
gator's sight., One second before the task was to begin, the subject was
alerted. As the starting button was pushed, the shutters of the viewing
Window were opened and the object began to move toward the stétionary
target. The subject was allowed to see the ballrfor either 2-, 3-, or
4-seconds of viewing times, depending on_which tfial was involved. At
the end of the allotted viewing period,-tﬁe dividing screen was.dropped,
blocking the subject's view of the moving object (Figure 4). As soon as
the viewing screen had been dropped, the research assistant loosened the
tension on the drivebwheelé causing the object to stop its motion. This
action prevented possible damage to the instrument should the subject mak
ﬁéke a late prediction, which would cause the ball to collide’with the
wall of the instrument. Such an action had no repercussion én the sub-
ject's prediction as the object was no longer within her visual displa&.
‘The subject was instructed tb push the response button at theiprecise
moment that she predicted the moving ball would collide with tﬁe sta-
tionary target. As soon as she pushed thekresponse button, the time
clock was stopped, the viewing windows were closed, and the investigator
flipped the switch, deactivating the testing device. . At this moment,
the investigator read: the prediction time. from the Dekon Timing device
and recorded it on her data sheet. Thié>prediction time was recorded

. as the subject's prediction of the moving ball's collision with the
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stationary target. The timer was reset and the next.trial of the
perceptual-prediction task was ready to be performed.

Calibration of the Motion-
Perception Analyzer

The time>required for the moving ball to travel the distance froﬁ»r
its origin to the stationafy target, was of utmost concern for it pro- 
vided the basis for scoring of theAprediction task. Therefore, it was
imperative that eﬁery precaution be takén to hold the wvelocity of the
moving object as constant as possible.

Prior to each testing session,the motor was 'warmed up,'" as it
was discovered. that the moving object had a tendency to travel the
distance faster after the Motion—Percéption Analyzer had been in opera;
'_tion for awhile. Tﬁe investigator and research assistant calibrated
the testing instrument, This procedure involved the inﬁestigator seating
hersélf at the viewing window as if she were a subject. She could oper-
ate .the device from this position. When the object was in its starting
position and proper'tension had been applied to the drive wheel, the
system was activated. The moving object was allowed to travel the
distance towards the target. When it had reached the target, the
response button was. pushed and the time_reéorded from the Dekon timer.
This pchedure was followed for seven trials or until seven trials of
similar times were recorded. Thg 1oqgest and shortesf'traveling times
were discarded and the remaining fivekaveraged tcvgive the Actual Predic-
tion Time. The same procedure of calibration was executed following

the subject's completion of the testing session. The Actual Prediction
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Timé béfqre the testing session were averaged to provide the Mean Pre-
diction Time (MPT) on which the scoring of the prediction task was
based. |
Every attempt was made to keep the time required for the ébject
to travel the distaﬁce similar for all 28 subjects. The mean distance
time for the 28 testing trials was 5:407 seconds with a standard dévia-

tion of 0.149 seconds. The range of travel time was from 5:227 to 5:769.

Administration of the Perceptual-Prediction Task

The perceptual-prediétion task on the Motion-Perception Analyzer
was administered individually to each subject by the investigator and one.
research assistant. The conditions surrounding the testing situation
were kept near constant'fér all subjects. No one was allowed into the
Motor Perfbrmance Laboratory during the testing session in ordef'to
maintain as quiet an atmosphere as possible, one that would be cénducive
to concenfration on the prediction task.

Before each subject arrived for her scheduléd testing, the test-
ing instfument was cglibratea so that the time for the ball to cover the
distance was relatively constant for each subject. Fach subject was
given five trials ét 2-seéonds of viewing and five trials af 4-seconds’
viewing of the moving object before her vision was blocked. To control
any learning that might be invplved from the order of viewing time, the
order of the ten total viewing times was randomly assignéd for each sub-
ject, before her arrival.

Once the Motion-Perception Analyzer was calibrated, the subject

was summoned to enter the testing room., She was seated at the
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instrumentfs viewing windowf- Her age was recorded on the scoresheet.

She was: then asked whether or not she wore QOrreCtive lenses and if so,
was she wearing them at the time she would be participéting in the _
present’study. It was the investigator's desire to have the subject per-
form the‘prediction’task'undéf idéntical visual acuity‘conditipns as

she had performed the batting pre-test.

The subjéct was trained on the testing instrument{s procedures
immediately before performing the perceptual-prediction task. Instruc-
tions were read to each Subject in order to insure identical training
segsions for all subjecté (see Appendix D for compléte instructions).
During the training sessions, five trials at 3-seconds of viewing time
on which the sgbjéct based hér predigtion of collision. were provided.

Tﬁe subject's prediction times were read from the Dekon Timing device

and recorded on the scoresheet by the investigator between eaqh training._
trial. Feedback as to how close to the actual time the subject had pre-
dicted was not provided for the subjeét neither during the training nor
.the testing session. (A sample écofesheet may be found in Appendix E.)

Once the training trials were completed and any questions
answered, the actual testing began, Procedures were identical to those
éf the training session, except the subject was allowed five triais of
2-seconds' and five trials of 4~-seconds' viewing time on which to base
.her prediétion, Thé order of viewing times was randomly assigﬁed-fo
each subject. ' She was not.told before the trial began hoW long she

would bé allowed to see the ball; she was only told which trial number
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it was. Each trial was preceded by the investigator's command, which
was given approximately one second before the trial was to begin.

Testing Trial # |, to begin now . . . .
After each trial ﬁas completed and before the next one began, the investi-
gator recorded the time froﬁ»the Dekon Tiﬁing Deﬁice onto the subject's
scoresheet,

The total training and testing sessién lasted about ten minutes.
~After the completion of the entire seséion, the subject was allowed to
see her.prediction times and to-compare them with the actgal predicted
time that had been determined before the session began. -Once the subject
left the testing area, the instrument was again calibrated by the in-
vestigator and the research assistant to note any change in actual pre-

diction time for the moving ball to reach the stationary target.

Scdring the Perceptual-Prediction Task

The pre-testing session Actual PredictioniTime was'éveraged with
the post-testing session Actual Prediction Time to supply an average
estimate (MPT) of the amount of time required for the moving ball to
traverse the distance to the stationary target. The MPTV(Mean Predic-
tion Time) was used as the cﬁmparison time for scoring purposes;ras it
accounted for any inconsistencies in the Motion-Perception Analyzer that
might have occurred during the testing séssion.'

In the measurement of motor performance where the individual
must produce a given response at the proper time,‘accuracy may either

be measured on a pass/fail basis or by assessing the nature and amount



of the error. Schmidt (1975) suggested a more sophisticated ievél of
scoring -than merelyvawarding a pass/fail, one that estimated the sub-
ject's error according to its (1) average magnitude via the consﬁént
error, (2) the average inconsistency in producing the movements via

variable error, and (3) absolute error.

Constant Error (CE). The subject's prediction time was recorded

by the investigator from the Dekon Timing device during the testing
session. This time was later compared to the MPT. If the correct
response (the MPT) were alloqu to represent zero, an early prediction
made by: the subject Wﬁuld result in a negati&e'constantrerror and a late
prediction would Be scored as é positive constant error. The five con-
staﬁt error scores were then averaged for each viewing period and pro-

vided the investigator an estimate of the subject's Mean Constant Error

(CE).
For example, to score low subject 4's prediction scores for the

2-gsecond viewing periocds, the following calculations would be carried

out:
Subject's
Prediction
Scores MPT CE '
4279 - 5:25 =.-0.460
5:43 - 5:25 = 0.180
4:98 - 5:25 = -0.270
. 544 - 5:25 = 0.190
4:29 - 5:25 = -0.960
CE = (4:79-5:25) + (5:43-5:25) + (4:98-5:25) + (5:44-5:25) + (4:29-5:25)

5.

-0.264

@]
=
L]
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The signs of all five responses were taken into account when the scores
were avgraéed and the Ef'garried the sign as well. This score told the
investigator hoﬁ the subject tended to respond, whether her prediétions

were early or late on the average.

Variable Error (VE). This score provided the investigator with

a score that was more sensitive to the subject's inconsistency with re-
spect to her own mean petformance. It reflected the extent to which she
tended to repeat her responses, or conversely, the extent to which she
ﬁas:inconsistent in her responses. Schmidt (1975, p. 29) defined it as
the "variability of the subject's sensitive to the amount the subject
Varied within herself. The variability is expressed as a standafd
deviation of the éﬁbject's score computed over the five trials for each

viewing period.

t = trial number
n = number of trials (5)

X, = signed score for trial t

.CE = subject's mean constant error for the group of trials in

question.
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For example, using the same values as in the constant error example: .

VE = (-0.460 - (-0.264))% + (0.180 - (-0.264))% + (-0.270 - (-0.264))2
2 2
+ 0,190 - (=0.264))" + (=0.960 - (-0,264))
. 5
0.1852 R

E

Absolute Error (AE). Absolute Error, as with Variable Error,

provided a score that was more sensitive, than was-the Constant Error
. score, to the inconsistency of the spbjeét in trying to achieve con-
sistent responses.‘ This measure of inconsistency has been wiaely used:
as a measure of error. It is literally "the average amount by which
the subject was in error'" (Schmidt 1975, p. 29). It is computed as the
average difference (ignoring the direction of error) between the sub-
~ject'$ predicﬁion and the MPT. For illustrative purposes, once again

using the same subject's prediction times:

AE

14:79-5:25| + [5:43-5:25| + |4:98-5:25] + |5:44-5:25| + [43:29-5:25
: 5

]

0.412

The Absolute Error indicated to the investigator that on the average,
the prediction was 0.412 seconds off the MPT, but it did not indicate
:whether the responses were early or late predictions of collision with

the target (see Appendix F for.each subject's EE, VE, and AE scores).

Subject Mortality in Testing

Thirty subjects were originally selected through the use of

random selection procedures. However, during the course of the actual
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testing, one loﬁ—skille& subject failed to repo;t for her testing session.
She wes cailed by the investigator and a new testing sessipn was sched-’
uled, for which she again failed to keep her appointment.r When fhe in-
vestigator telephoned her to possibly schedule a third testing session,
she was told that the subject had already gone home for sumﬁer vacation.

Since'the statistical program used in the>ana1ysis of the data
'would not facilitate cells of unequal sizes, one highly-skilled subject's
data had to be discarded. High Subject #l's data was questionable as the
investigator and her assistant had had trouble calibrating the testing
instrument for that .particular session. Therefore, it was decided te

disregard her data in order to keep the cells of equal size and not to

invalidate the highly-skilled group's scores,

Experimental'Design ‘

The design of this study contained two factors: skill level and
viewing‘time; Skill level of the subjects was not randomly assigned,
but rather was pre—detefmined by achievement on a batting test given to
a population of softball players in activity classes and team partici-:
pants at The University of Arizona during second semester, 1975. View-
ing time was a repeated measure as eacﬁ'subject was given test trials

fof both 2-seconds and 4-seconds' viewing time. Each viewing time was
-expressed in three different ways, by the computation of three different
error scores--Average Constant Error;»Variable Error, Abeolute Error.

The experimental design is schematicallyvrepresented in Figure 7.
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* This design was used to perform three separate analyses: one for each
of three types of error scores--Mean Constant Error, Variable Error,

and Absolute Error,

Figure 7. Model of Experimental Design.
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Statistical Procedures

Once the tgst had been scored, the resulting data were anaiyzed.
A éfatistical test for two-way analysis of vafiénce was used to test the
main effects aﬁd interactions of the two factors, skill level and view-
ing times fof the three variables of scoring, EE, VE, and AE. Statisti-
cal program ANOVA 45, which was available fhrough The ﬁﬁiversity of.
Arizona Computer Cénter, was used to compute the comparisohs of interest

between the»variables.

- Summary

This.chapter was concerned with the sugjects and procedgres in-
volved in the undertaking 6f the present stuay. Ail subjects were ob- v'
'tained thréughrbeginning and infermediate s§ftba11 classes and varsity
and juhior varsity-women's intercollegiéte softball teams. They were
ciaséified as highly-skilled or low-skilled according to performance on
- a batting pre-test.-

Subjects fandomly selected were further testéd on the Motion-
Perception Analyzer. The test was administefed-individually to each
subject by the investigator and one research assistant. The testing
conditions were held nearly constant for ali subjects.

A two-way analysis of variance stétistical test was computed
'fof subjects' scorés of Average Constant Error, Variabie’Error, and

Absolute Error.



CHAPTER 4

ANALYSIS OF THE DATA AND PRESENTATION OF
THE FINDINGS
The research hypotheses for this study stated thatihighly-
skilled softball batters would perform a prediction task on the Motion-
Perception Analyzer significantly better than low-skilled batters and
that bofh highly-skilled and low-skilled batters would performrthe taék
significantly better after a 4-second viewing period than after a 2-

second viewing period. The present chapter includes the results of the

statistical analysis of the data and a discussion of the results as they

'apply to the stated hypotheses.

Results of»the Batting Pre-Test

The distribution of’écores for the batting pre-test may be
found:in Appendix C. Based on the results of the pre-test, the 140
subjects tested were dividedviﬁto three groups——highly;skilled,_low-
skilled, and moderately-skilléd. However, thi§ latter group was of no
interest to the present study. Means and standard deviations and size
of the total population sampled as well as that of the two skill levels
of concern are presented in Table 1. |

A student'é t~test was run to determine whether or not there was
a statistically significantldifferencé between the means of the highly-.

skilled and low-skilled subjects. The test yielded a t-statistic of

- 69
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Table 1. Means- and Standard Deviations and Range of Scores for
Batting Pre-Test Scores.

Standard = . .
Group N Mean Deviation Range
All subjects | ‘140 35.99. 10.49 2-55
Highly-skilled subjects 26 49.46 2.3 46-55
Low-skilled subjects 24 120.38 7.77 : 2-28

18.22 with 48 degrees of freedom. The alpha level of significancé was
sef at .05, and the tabled value_required for significance was 1.67.
Therefore, a sigﬁificanf differeﬁce in.skill level was found to exist
between the two groups of subjects used in the presént study.

Analysis of Variance Results of Scores Obtained on
the Motion-Perception Analyzer

Twenty-eight female subjects were tested for their peéceptual—
predictibn.ability on the Motion—ferceptiﬁn Analyzer. Their ﬁerformance
of the prediction task was assessed as to theramount and nature of the
error producedé thié was_accomplisﬁed through estimates of each sﬁbject's
Mean Constant Error, Variable Error, and Absolute Error (Schmidt 1975).
The means of each skill level and the two viewing times for the three
error scorés.of concern are presented in Table 2. Ra&,data scores from

which these means were computed may be found in Appendix F.
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Table 2. Means of-Errof Scores.

CE VE AR
Low-skilled, 2-seconds' viewing -.447 .093 .661
Low-skilled, 4-seconds' viewing -.338 .052 : 427
High-skilled, 2-seconds' viewing -.460 , .072 .713
High-skilled, 4-seconds' viewing -.321 .040 461 -

A two-way analysis of variance statistical test was calcﬁlafed
for each of the three error scores in order to tgst for significance of
the main two variables of interest (skill level and viewing time), which
were central to the present study. |

Analysis of Variance for Mean
Constant Error Scores

The ﬁean Constant Error was an assessment of how the subject
tended to respond (on the average) in relation to the target. In addi-
tion to telling how close her predictions were to the Mean Prediction
Time (on the average), it indicated whether the subjéct tended to'make
early or late predictioné (designated as being either negative or posi-
tive, respeétively),- Results of the analysis may be found in Table 3.

The F ratio for ﬁSkill Level" (A) was obtained by dividing the

Mean Square value (MS) for A by the MS value of "Subjects Within Groups."
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Table 3. Analysis of Variance Summary Table for Mean Constant Error
Scores, '

Degrees Sum Mean F Ratio

Source of Variation Freedom Squares Squares -

A (Skill Level) 1 .000021  .000021 .000041
Subjects Within' Group 26 13.229181 .508815 .

B (Viewing Time) | 1 .214768  .214768  2.541874

AxB 1 .003090  .003090  .036572

B x Subjects Within Groups 26  2,196801 .084492

* Note: Significant at the .05 level F .05 (df 1,26) = 4.23. .

- Likewise, F ratios for "Viewing Time" (B) and A x B interaction were ob-’
tained by dividing respective_MS's by the MS value of "B xVSubjects
Within Groups."  This same procedure was followed for the other two
error scores as well in order to obtain their respective F rétié's.
Neither of the two main effects, performance by skill level nor
by viewing time, was significantly different between the two groups in-
volved according to their CE scores; that is, with respect to highly-
gskilled vs. 1ow—skilled grouping or to 2-second vs. 4-second periods of :

- viewing. -
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Analysis of Variance for
Variable Error Scores

Variable Error scores expressed the extent to which the subject
tended to repeat her responses. In other words, it was the 'variability"
of her performance about her own mean (her EE). Table 4 shows the re-

sults of the analysis of variance for this particular error score.

Table 4. Analysis of Variance Summary Table for Variable Error
Scores. '

Source of Variation Degrees Sum Mean F Ratio
Freedom Squares Squares
A (Skill Level)” 1 .003790 | .003790 1.465017
Subjects Within Group ' 26 .067259 .002587
B (Viewing Time) N .1 .019296  .019296  8.349632%
AxB ’ 1 .000275 . 000275 .118996

‘B x Subjects Within Groups 26 . 060096 .002311

* Note: Significant at the .05 level F (df 1,26) = 4.23.

No significant difference in performanee according to skill level.
was found., However, a significant difference at the .05 1e§e1 was found
for both skill level groups with respect to the amount of time they were
allowed to see the bail movingetoWards the stationary targe;. Thus, all

subjects tended to be significantly less inconsistent with the 4-second
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viewing peridd than ﬁith the 2-second viewing period. When interaction
between ‘the two variables was assessed (A x B), no significant difference
was again found, implying that "incoqsistency" in-the subjects' responses
did not result from their parﬁiculaf skill level group assignmént; but

rather from the amount of viewing .time afforded. -

Analysis of Variance for

Absolute Errgr_Scores

This method of scoring was also sensitive to the subject's in-
consistency. However, it revealed the average amount by which the sub-
ject tended to be in error, without regard to her "earliness' or "late-
ness" in predictions. The "absolute" score of each subject's ten trial
prediction scores, as opposed to negative or positive scores, was used
in assessing this particular scoring.of the subject's performance, Pre-
sented in Table 5 are the resulté of the énalysis of variance for each '
subject's Absolute Error scores.

In agreement with results obtained. through EE and VE, no signifi-
cant difference in performance was_found betweeq subjects of the two
skill levels for their respective Absolute Error scores. A significant
difference at the .05 alpha level was again found for the amount of view-
ing time allotted the subjects. However, when viewing tiﬁerwas "correct-
ed" for skill level, once again there was found to be no significant
difference in performance for viewing time according to skill level

grouping,
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Table 5. Anaiysis of Variance Summary Table for Absolute Error Scores.

Degrees Sum Mean ‘F Ratio-

Source of Variation Freedom Squares Squares

A (Skill Level) 1 .025834  .025834 . 139428
Subjects Within Group 26 4,817410  .185285

B (Viewing Time) . 1 .824743  ,824743  15.760424%
A xB 1 .001207  .001207° .023065
B x Subjects Within Groups 26 1.360579  .052330

o

Note: Significant at the .05 level F (df 1,26) = 4.23.

Evaluation of Null Hypotheses

0f the six null hypotheses established at the conception of the
present study, two were rejected on_éhe basis of the findings of the
research performed. Those fejected were:

HoZB; Only- chance differences will be found between the two

viewing periods of the moving object as measured by the batters'

variable error scores.

HoZC: Only chance differences will be found between the two

viewing periods of the moving object as measured by the batters'

absolute error scores.
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The reméining four null hypotheses failed to be rejected.
Those'nuli hypotheses left étanding at the conclusion of tﬁe present
study were;
HolA: Only chance dffferences will be found between highly-

skilled and low-skilled batters on the prediction task as

measured by the batters' mean constant error scores.

HolB: Only chance differences will be found between highly-
skilled and low-skilled batters on the prediction task as mea-

sured by the batters' variable error scores.

HolC: Only chance differences will be found between highly-skilled
‘and low-skilled battérs on the prediction task as measured by

“ the batters' absolute error scores.

H02A: Only chance differences will be found between the two
viewing periods of the moving object as measured by the batters'

mean constant error scores,

Discussion of the Findings

Predictions éf the moving ball's collision with the stationary
tafget, on the whole, tended to be "early." Negative Mean Constant Error
scores. as reported in Table 1-énd also in raw data form in Appendix F,
exhibif this tendency. A factor which'coﬁld have led to the early pre-
dictions was a characteristic of the Motion-Perception Analyzer's motor.

-Once the viewing screen had been drépped'following the designated viewing

time allotment and resulting in the subject's view of the display being
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blocked, the research assistant's task was to loosen the temsion on.the
drive wheel in order:to stoprthe motion of’the ball. ‘This action was a
precautionary attempt to prevent collision of the ball with the side of
the inétrument,'should the subject make a late prediction. 1If this were
_ té happen, operational failure would result. Loosening the tension oﬁ
the sérew stopped the movingbball, but ti did not turn off the motor;
this was accomplished b& the subject's prediction of the ball's colli--

- sion with the target. Once she pushed the response button to make her
prediction, the*System was closed and the motor was turned off. However,l
thisAdid not occur until one to threé seconds after her vision was
blocked, depending upon the viewing period involved. Consequently, the
motor had a tendency to speed up, which might have given the subject the
illusion that the ball had ac;élerated on its pathway towards the target,
and possibly resulting in her making an early prediction of its collision
with the target.

The actual training and testing seééion of the subject was not
lengthy. It lasted approximately 10-15 minutes. However, as a result
of efforts‘to schedule testing times to agcommodate three schedules (the
inveétigétor's, the research assistant's, and the subject's), most of the
testing sessions had to be scheduled'during Finals Week of the spring
semester, 1975. Therefore,.subjects may have had lapses in attention -
and/or concentratién for the performance of the prediction task, Howf
ever, the investigator found every subject to be very cooperative and
several showed an intense interest in the étudy and their resgpective,

performance on the prediction task.
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No significant difference in performance as meaéured through the
subjects’ Mean Coﬁstant Err&r, Variéble.Error, and Absolute Error scores
was found to exist between the two skill levels of»softbgll-batters.
Although a student's t-test revealed a significant difference in perform-
ance of the two skill levels on the batting pre~test, perhaps the two
groups were.too homogenous with respect to perceptual skill level.
Assignment of subjects to a particular skill level group was based on
their performancé on the batting pre—test.:~From those qualifying as
highly-skilled and low-skilled batters based on criterion performance
scores, subjects later performing the prediction task were randomly
chosen from these two skillklével groups.,’This pre-test waé a éample of
Ehe student's actual battiﬁg ability, a highly complex métor skill.
Factors other than perceptual-prediction ability are involved in batting
performance. Reaction time, movement time, batting mechanics of stride
length, body positioning, and trunk rotation -are additional components
of batfing performance, The perceptual-prediction task on the Motion-
Perception Analyzer was designed to only test one of these complex
interacting factofs, Since no significant difference was found between
ékill levels on the prediction task, perhaps another of these suggested’
factors may account for differences in performance.

Test reliability of the batting pre~test was not established
prior to the actﬁa1~batting testing session. Therefére, the pre-test
may have failed to yield a tfue assessment of the subjects'ftrue batting
performance who were selected for further tésting. Reliability of the

investigator and her research assistant in-administering the prediction
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task on the Motion-Perception Analyzer were also not established. These
two factors may'have contributed to the findiné of-nonsignificant differ-
ences between skill levels in pefformance:of'the prediction task on the
Motién-Perception Analyzer.

Exactness of prediction may not necessarily be crucial in;mahy
ball skills since there is a reasonable range of "errér" within which
the performer can Qork. Thus, the accuracy with which a prediction of
trajectory of a ball from early cues ;an be carried out is questionable
(Whiting 1969). The basis of the scoring of the prediction task per-
formed in thé present study was the precisengss with which the subjéct
could predict the moving ball's collision with the stationary target.
Thus, the implications of Whiting's statemeﬁt must be considered when
interpreﬁing the data oBtained from the present study and making gener-
alizations to performance of the perceptual skill of bgtting in a
dynamic‘game situation,

A significant difference was found between the two viewing
periods. This would tend to be in agréement with what was suggested iﬁ
the,litérature. Additional viewing time was used to monitor the ball's
pathway in making more accuraté pfedictions of its collision with the sta-
tionary target (whiting.1969, Williams and Underwood 1968,.Weiskopf 1969).
However, no significant difference according to skill level and viewing
time was found to e#ist. Cratty (1968) stated that in the 1earniqg of
complex perceptual-motor skills, perceptual factors have been found to .
be more pfominent during the initial stages of learning, whilermotor
_factéqs (such as movement speed, reaction. time, etc.) are-more importanﬁ

during later stages, .



80

Perhaps the low-skilled subjects used in the present study were.
ready fo enter into this second stage of 1earﬁing, implying that the
 teacher should_bé using different cues than simply "Keep your eye on the
ball!" Wrist action or body positioning might be stressed instead as
additional learning cues to batting performance. Breen (1967) conciuded
from his cinematographic analysis of batters that outstanding hitters
seemed to adjust their head from pitch to pitch to allow the longest
possible look at the ball's flight. Hubbard and Seng (1954) discovered
Vthat pursuit tracking movemenﬁs of the eyes with the head fixed in posi-'
tion (as in the perceptual-prediction task performed on the Motion-
Peféeption Agalyzer), were a common occurrence when a swing resulted and
céntact of the bat with the ball was made. However, if the sall was
missed, or no swing taken, batters had a tendency to turn their head and
watch the ball into the catcher's glove or turn their head laterally
with the swing that had missed the ball. These findings have implica-
tions for the teacher or coach as 1eafning cues that could possibly be
supplied to the batter. -

Another:possible explanation for the lack of significant differ-v
-ence between skill levels may be found_in the conditions surrounding the
tes%ihg on thé‘Motion-Perception Analyzer. In a real.game of class situ-
ation, the batter is under various kinds of pressure to perfbrm. Thus,
he may have a tendency to be tense and éver-anxious. This would cause
him. to swing tpo edarly or not track the 5a11 for as long aé possible and
thus, not take advantage of’additionél Viewing time on which to base his:

predictions. Any generalizations made from laboratory testing situations
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where extraneous variables are held to a minimum, to a dynamic situa-
tion, must, therefore, be carefully made,

‘The inherent ''predictability" of the task on the Motion-
Perception Analyzer may also provide an explanation for the absence of
significant difference found between the two skill levels. Each trial
on the Motion-Perception Analyzer was identical to the one immediately
prior to it, with the exception of the viewing time allowed. The ball
always started from the same place and the velocity of its pathway
towards the stationary target was nearly constant. However, in a game
situation, the pitched ball is usually on a relatively unpredictable -
path., In such a situation, the expert will not need to watch the ball's
flight for as long as the unexperienced player, In addition, according
to Whiting 1969, .p. 35, he will:

. ... require less time to discriminate, program, and make de-
cisions on the information he receives about the position of
the ball, the direction and force of the wind, the state of the
ground, the position of the other players (runners on base),
and .the many other cues in the display . o .
.« . for these reasons, it is questlonable whether in many game
situations the ball is ever on a completely predictable path except
‘to the player who has experienced so many different situations in
that sport that he is able to select the appropriate cues for response
éven in such difficult circumstances (p. 19).
Winograd (1942), after finding no significant correlations between
vision and timing tests and his established batting criteria, concluded
that other factors (such as muscular strength, correct stance form, and
proper mental attitude) are probably developed to a greater degree in

compensation for visual inferiority. Assessment of such physical

characteristics was beyond the scope of the present study,
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Vernon (1962) has listed as one éf the functions of education,
teaching the observer how to search‘carefully and attentively, studyiﬁg
carefully in certain situations, and selecting particular details for
examination irrespective of the field of view of which  they are. a part,
Thus, the.teécher or coach should be aware of all factors involved in
the particular situation, He should also realize that people do vary
in their capacity to perceive or aﬁ least to cognize their surroundings
just as they vary in other psychological capacities. Variétions in
quickness and acburacy with which perceptions are made, as well as the
ability to control one's direction and concentration of attention are
to a coﬁsiderable extent functions éf training and experience, but may

also have an innate basis, like intellectual efficiency (Vernon 1962).

Sumﬁarz‘

This chapter presented the results of the statistical analyses
of the data pertaining to the two skill levels of subjects and the two
viewing periods of the moving object which were involved in the present
study. Analysis of variance computations were required to determine
significant differences, if any, that existed between skill 1eve1(and
length of viewing time.

No statistically significant differences in performance were
found to exist between the tWo skill levels of subjects involved., It
was suggested that subjects may havé been too homogegous in perceptual
skill level despite the statisticalvsignificant,difference between the
means of batting pgrformance of tﬁe-two groups of subjects randomly

chosen.
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A significant.differeﬁce in performance on the basis of the
length of viewing time, as scored by Variable Error and Absolute Error,
was eﬁidenced., Comparisons and contrasts were made between the actual
perceptual-prediction skill of batting and the prediction task per-
formed on the Motion-Perception Analyzer. Additional cues and points of
diagnostic interest to the coach or teacher were presented for possible
use in 1éarning situations iﬁ order to supplement the over~used learning

cue of "Keep your eye on the ball!"



CHAPTER 5

SUMMARY, MAJOR FINDINGS, CONCLUSIONS,
AND RECOMMENDATIONS
This chapter briefly outlines the organization of the study,
‘reports the major findings and conclusions, and presents recommendations

for further study.

Summary

The present study was designed to determine the relationship
which existed between hiéhly—skilled and low-skilled softball batters
and their perceptual-prediction ability; it aiso dealt with the iength
of viewing time that thé subject wasvallowed to see the moving ball on
which to base her prediction, |

- The literature revealed that in the perceptual-motor skill of
batting, the performer was unablé to track the pitcﬁed ball up to the
moment of its actual contact with the bat., Pursuit tracking with eye
movements stopped when the ball was 6 to 15 feet in front of the plate.
Based on this information, it ﬁas hypothesized that highly-~-skilled
batters would perform a pefceptual-prediction task on' the Motion-
Perception Analyzer significantly better than low-skilled batters; it
was further hypothesiZed that both skill levels would make predictions
significantly more accurately following a 4-second viewing period than.

following a 2-second viewing period.
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Subjects were randomly selécted from those qualifying as-highly-
skilled and low-skilled batters based on their perfofmance on a batting
pre-test ‘administered to memBers of softball classes and softball .team
members, Twenty-eight subjects (14 in each group) were further tested
on the Motion4Perc¢ption Analyzer,

The perceptual-prediction task required that the subject predict
the precise moment when a moving ball would collide with a stationary
target placed at the end of its pathway. During the training séssion,
each subject was given five prediction trials élloﬁing her to see the
moving ball for three seconds before her vision was blocked. During the
festing session, five trials of 4-seconds' viewing time and five trials
of 2-seconds' viewing time were randomly présented tp_the subject,

Prior to each trial, she was not told how long she would be allowea to
see the ball béfore her vision was blocked; she was only told which
trial number it was. The trial was scored according to the subject's
prediction of the length of time required for fhe ball to cover the
distance as compared to the Mean Prediction Time that had,been pré~
determined as the actual time required for the ball to collide with.the
target. A negative score signified an "early' prediction while a posi-
tive score designated a "late" prediction. The five trials' scores for
each viewing period were averaged to yield a score of Mean Constant
Error., From the‘EE, Variable Error and Absolute Error were further
calculated to affora an assessment of the amount and nature of the error
produced by each subject for fhe two viewing periods of interést to the

present study.
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Major Findings

-

A two-way analysis of variance statistical test was utilizéd as
a test for significant différence between the two skill levels and twé
viewing périods for the three error scores of each subject's predictions.
Nonsignificant F ratios (0;05 level) were found to exist between
the two groups of subjects' Mean Constant Error, Variable Error, and
Absolute Error scores according to their skill level group assigmment, -
A nonsignifiéént F ratio (0.05 level) was also found for all subjects’
CE scores for 2-seconds' and 4-seconds' viewing time., However, signifi-
cant F ratios (0.05 level) were found to exist between viewing periods
for all subjects' VE and AE scores.

Therefore, of the six null hypotheses established at the onset
of the present study concerning chance differences between subjects and
viewing'éeriods according to scores of EE, VE, and AE, only two were
rejected, Significant differences were found between 2- and 4-seconds’

- viewing periods according to subjects' VE and AE scores, resulting in the

rejection of these two null hypotheses,

Conclusions
The perceptual-prediction task, as performed on the Motion-
Perception Analyzer, seems to be insensitive to differences in skill
level of femaie college-aged softball batteré.
It was also concluded that longer viewing times of a moving
object éppeared to afford the observer a better opportunify on which to
base predictions of its arrival at a éertain point in space; These

predictions would also have a tendency to be less inconsistent following
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viewing perio&s. Thus, batters should be encouraged to watch the pitched
ball fqr as long as possible andAreact to it physically based on pre-
dictions made from the longer monitoring of the ball's flight pathway.

It also appears that additional learning cues to  "Keep your
eye on4the ball}" shouid be supplied the batter in an attempt fo improve

performance.

Recommendations- for Further Study

Future study on the Motion-Perception Analyzer that involves
perceptual-prediction tasks is recommended. The following additions or
changes to the procedures followéd in the;présént study are suggested.

1, Skill level group assignment should be made based on different

procedures than the ones used in this study, Performénce on a

batting test ferformed on more than oné day would provide a

more accurate assessment of a performer's skill level. Better

distribution of point values to batted balls would provide the

investigator more discriminating évidence of performance (i.e.;

a five-point scale of scoring rather than a three;pbint scale,

or not allowing foul balls as high a point value as fair balls).

Possibly skill level assignments could be made using batting

criteria of combined Batting Average, Slugging Average, and

Runs Batted In, as suggested by Winograd (1942).

2, Perceptual—prediction ability could be tested between athletes

of mény years' experience (invone'sport in particular, or a

cross section.of varsity athletes) as compared to‘the perceptual-

prediction ability of the "average' college student (perhaps
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randomly chosen from a population of students not enrolled in a .
physical education class and/or someone who has never competed

on an athletic team), Since the 1iterature revealed that,more_

experienced players make decisions and predictions based on

early monitoring of the ball's flight (Whiting 1969), would
those having more athletic experienée make more accurate pre=~
dictions following a 2-second viewing period than following.a,
4-second viewing period?

As a follow-up study to the-present study, identical testing
procedures coﬁld be followed on a second day using the same
group of subjects in order to test for improved performance on
the prediction task as a fesult of additional exposure to the
Motion-Perception Analyzer. This would reveal an estimate of
the amount of learning involved in this particular prediction
task over several trials.

The prediction task could also possibly be used as a training-
session for low-skilled batters. Once designated as a 1ow—skiiled
performer and provided seVeral‘testihg sessions on the Motion-
Perceptibn Anaiyzer, perférmance could again be assessed to see -
if it had been improved in any way. |

Knowledge of results could be supplied to subjects concerning
the accuracy of their predictions_on the Motion—Pérception
Analyzer to see if performance would be enhanced,

Testing the subject's perceptual-prediction ability using

“different ball velocities would reveal his sensitivity to



89
acceleration or deacceleration of the ball's mo&ement. ‘Position
memery would also be tested asrvelocities would be compared from
one trial to the next, However, in order to .perform this task,
if similar. scoring techniques to the oﬁes used in this study
were to be used, some type of device that would be available
during the testing session would have éo‘be utilized that ﬁéuld
provide the ‘Actual Prediction Time required for the ball to
covef the distance toward the target; against which hié predic-

tion would later be compared for scoring purposes,

‘Testing involving more than one ball track in the Motion-

Peréeption Analyzer is recommended. Prediction time could be
assessed for a ball moving towards a person and away from the
person, for example. Or poésibly, veriical motion vs.'hofizontal
motion prediction could be assessed for the same group of sub-

jects,



APPENDIX A~
INSTRUCTIONS FOR BATTING PRE-TEST

I. Purpose of the Test

To diétinguish between highly-skilled and low-skilled college

women softball players.

II, Procedures
Each student will receive 20 pitches from thé batting machine.
Three will be given before the batter steps into the batting
box. (These are given to determine if the Eall is coming in
fhe batter's strike zone and to allow the batter to observe the
épeed of the pitch.)
Once the testing begins, you must'swing at every pitch, unless
it is badly cut out of yéur strike zone; the determination of
such a pitch will be left up to the discretion of the in&esti-
gétor--if a bad pitch should occur, another pitch will be sub-
stituted in its place.
Scoring will be accordigg to whefe.the batted ball takes its
first bounce. . (Chéck the diagram for point areas.)

Are there any questions?

III. " Review and Testing Organization of the Class
You will receive only 20 pitches and then rotate, Please keep

moving.
90
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Those shagging balls in the field should roll them back to the
machiﬁe,and the ball feeder (who alwayé "brésents" the ball to
the batter before feeding the ball to make the batter aﬁare of |
the ensuing pitch).
One person should always be warmed up and ready fo go, in order

to keep things moving swiftly.

I will feed the balls and I will have a recorder to be at the

machine with me. Your score will be called out loud after

every pitch.

Are there any questions?



APPENDIX B -
PITCHING VELOCITY OF JUGS JUNIOR PITCHING MACHINE

Machine Setting = 55

Distance = 50 feet from the wall

Ball # Time - Velocity (feet per second)
1 1,06 50.16
2 1.09 49,13
3 1.02 51.69
4 1.14 47. 54%
5 1,00 52.52 Sum = 403,36
6 .90 57.41* : Mean = 50,42 feet per second
7 1.09 49,13
8 1,11 48.46
9 1.01 52,11
10 1.06 50,16

* Those times discarded and not figured into the average velocity.
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APPENDIX C

BATTING PRE~TEST RAW DATA

Raw Score Tally

60
59
58
57
56
55
54
53
52
51
50
49
48
47
HI 46

]

Highly-skilled data:
x = 49,46

sd 2.34

n 26

45
44
43
42
41
40
39
38
37
36 1
35
34
33
32
31
30
29

Total group data:
x - 35.99

sd 10.49

n 140

ol
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Raw Score Tally

1O 28
27
26
25
24
23
22 | .
21 Lo-skilled data:

20 : X 20.38 -

19 - ’ , sd 7.77

18 : n = 24

17

16

15

14

13

12

11 1

10

W NN
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APPENDIX D

TRAINING AND TESTING INSTRUCTIONS FOR
MOTION-PERCEPTION ANALYZER

I. Show.the Object

This ball is exactly like the ball you will see when you look

into the box.,

This target is exactly like the target you will see when you

look into the box.

II. Explain the Instrument

Let me explain to ybu how this instrument works.

When I push this button (System Start) the window opens and
when you push this button (Response Button) the window closes.

Please be seated,

Move towards the machine so that you can look through the
window,

Can you see all four white spots on the screen? (This is to
insure that S can see the perimeters.)

Please remove your face from the‘viewing window, place yéur
hand on the response button, and pusﬁ,‘

Now with your face in the viewing position and your finger on
the Response Button, face all the way in, we will opén‘and shut the

shutter in order to acquaint you with the noise of the machine énd the

flaps open and closing in your face,

95
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IITI. Explain the Task.

When you look into the box this time, you will see a ball moving
toward a stationary target.

Did you see it?

This time when you look into the box, you will only be allowed
to see the ball moving for three seconds of time, and then your vision
will be blocked.

Now let me show you what T mean.,

During the testing, after the screen has been closed and your
vision has been blocked, your task will be‘to predict the precise moment
when thermoving ball will collide with the stationary target,

To do this, you are to push t@e button at the exact moment—you
predict the ball will hit the target.

This time will then be recorded on this device here (indicate
the Deacon Timer) and will then bé compared later to the already de-
termined time it takes the ball to reach the target,.

Now let us try it . . . Your face‘is all the way in, finger is

on the button . ., . .

IV, Questions

Do you have any questions?

V. Review
We will now repeat the task to make you feel more comfortable
with the procedures.

These things are very important to remember for each trial:
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1. that your face is all the way in éo that you can see the perime-
ters as before when you looked for the four white spots.
,'2. that your finger is ready on the Response Button befofe éach
trial begins.
3. ‘and thatrafter.the shutter has been closed, you will push the
button at the exact moment when ydu predict the moving ball wili

collide with the stationary target,
Do you have any questions?

'VI. Test the Subject's Understanding of the
Procedures to be Followed

To insure adequate training of the subject, the preceding will be
repeated five times, allowing the subject a viewing time of three seconds,
diagonal track, timer reset after each triai,,and the time recorded for
each of the five trials.

Each of the training trials should be preceded by fhe E saying:

Training trial # to begin now . . . .

VII.  Testing Procedures

Now that you have an adequate understanding of the procedures
to be used, the testing will begin.

You will be given five trials at four seconds' viewing time and
five trials at two seconds' viewing time to predict the ball's collision
wifh the target. The order of the viewing times has been randomly

‘aSSigned to each subject and you will not be told before each trial how
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long you will be allowed to see the ball, you will only be told which
trial number it is (e.g., Trial #1, #2, #3, etc.).

Do you have any questions? |
We will now begin .

Testing trial # to begin now . . .



APPENDIX E

SAMPLE SCORE SHEET FOR TESTING ON
MOTION~-PERCEPTION ANALYZER
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Subject

Level and Section

Testing Day and Time

Vision

Batting Score Level Testing Sequence:
' T 2 4 5
Age Actual Prediction Time ,
(A.P.T.) 6 7 9 10
Training . Testing
Constant ' . '
3—§econd Time Error 2-§econd Time Constant 4-§econd Time Constant
trials. ' X trials Error trials Error
(Time-APT)
Average Constant Error C.E. C.E,
Variable Error ‘V.E, V.E.
Absolute Error A.E . AE '

001



APPENDIX ¥

MEAN CONSTANT ERROR, VARIABLE ERROR, AND
ABSOLUTE ERROR FOR HI- AND
LO-SKILLED SUBJECTS
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Lo-Skilled

Subject Class  Batting . . 2-Second 4-Second
No. A8 1ovel  Score Vision C.E, _ V.E, A.E. C.E. V.E. A.E,
1 - Beg. 27 - -0.428 0.0156 0.428 -0.278 0.0215 . 0.278
2 - Beg. 17 - . -0.416 0.1384 0.416 -0.520 0.1315  0.520
3 19 Int. 21 20/15%* -0.585 0.0383 0.585 -0.375 = 0.0223 0.375
4 18 Beg. 26 - 20/20%* -0.264 0.1852 0.412 - -0.372 0.0137 0.372
5 18 Beg, 26 Kk 0.291 0.1452 0.4354 0.211 0.0872 0.3434
6 18 Beg. 21 * -1.444 0.0521 1.444 -0.750 0.0713 0.750
7 21 Beg. 20 20/ 2Q%%%% -0.598 0.0484 0.598 -0.360 0.0567 0.3632
8 19 Int. 26 20/20 0.563 0.1011 0.563 0.223 0.0678 0.239
9 18 Int. 11 ok -0.197 0.1387 0.2686 -0.641 0.0679 0.641
10 18 Int, 24 20/20-C. 0.045 0,0629 0.1878 -0.031 0.0296 0.1322
11 20 Beg. 2 20/20%* ~-1.409 0.1201 1.409 = -0.739 0.0739 0.739
12 18 Beg. 26 Rk : ~-0.676 0.0041 0.676 -0.472 0.0499 0.472
13 19 Beg. 26 glasses -1.431. 0.0550 1.431 -0.637 0.0095 0.637
14 19 Beg. 17 No glasses: 0.297 0.1991 0.399 0.015 0.0196 0.123
unclear in . :
1 eye,.
----- No Show-----

% No glasses.

%% Glass

es

Glasses--not worn.
* Corrected 20/20

C = Contact lenses.
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Hi-Skilled

Sub ject Age Class  Batting Vision 2-Second 4~Second
No. : Level. Score C.E. V.E. A E. C.E. V.E. A.E,
————— Miscalibrated Machine----- '
1 18 Int. 47 Fedek -0.765 0.0445 0.765 -0.349 0.0110 0.349
2 21 Int, 50 20/20% -1.001 0.0253 1,001 -0.551 0.0408 0.551
3 18 Jv 47 20/20%* 0.122 0.0833 0.279  -0.150 0.0402 0.1724
4 18 Jv 55 Muscle ~-1.267 0.0532 1,267 -0.683 0.0362 0.683
5 19 Beg. 48 problem: ,
rt eye® . ' , :
5 19 Beg. 48 20/20% -0.631 0,0499 0.631 -0.137 0.0683  0,2494
6 19 Int. 51 20/20-C. ~1.424 -0.0259 - 1.424 -0.554  0,0230 0.554
7 19 Jv 50 20/20-C.- -1.483 0.2684  1.483 -0.963 0.0115 0.963
8 18 Int. 50 20/20-C. -0.292 0.0311 0.292 -0.224 0.0237 = 0,2288
9 18 Int, 46 Close '
20/20%* -0.52%9 0.0252  0.529 -0.263 0.0361 0.263

10 20 Jv 46 wkk ~-0.166 0.1059 0.2828 -0.740. 0.0207 0,740
11 21 -V 49 20/20% -0.498 0.0665 0.498 -0.662  0.0445 0.662
12 21 v 48 Kk 0.245 0.0655 0.2534 -0,061 0,0229  0.1402
13 ' 20 Beg. 50 20/20-C. 0.767 0.0493 0.767 0.511 0.0668 0.511
14 20 v 54 20/20% 0.479 0.1177 0.5114 0.325 0.389%

0.1084

* No glasses
Glasses

w%% Glasses--not worn,

C = Contact lenses,
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